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Ki yo.ghl’ g saki METHOD FOR C—ENERATI NG MJ STU

- REACTOR +OR C;ENERATI NG MO STURE, METHOD FOR CONTROLL NG‘r
TEMPERATURE OF REACTOR FOR GENERATI NG MJ STURE, AND -
METHOD FOR FORM NG PLATI NUM CCATED 5

CATALYST LAYER  npHOD FOR GENERATING MOISTURR, REACTORFOR OV

The present invent Pf g |
e

oxi dation nethod (or AND METHOD:EOR FORMINGRLATINUM-COATEDCcess
chanber CAT RTAQRRF THE PRI OR ART
For exadnple, for affixing a silicon oxide filmby the water ox}jdation
met hod i n sem conductor nmanufacture, high-purity water is reﬂﬁred.

FIELD OF THE INVENTION
The present invention is primarily used in semiconductor manufacturing
facilities. More specifically, the present invention is used for supplying v&ater
when silicon dioxide film is affixed by a so-called water oxidation method (or

10 steam oxidation method) using a process chamber.’

~ DESCRIPTION OF THE PRIOR ART
For example, for affixing a silicon oxide film by the water oxidation

method in semiconductor manufacture, high-purity water is required. -

Consequently, for a conventional affixing of a silicon oxide film, as shown

- 15 in Fig. 52, a process in which hydrogen gas H, and oxygen gas O, are allowed to
combust in a quartz furnace 50 has been extensively used in which water

generated by the combustion of these two gases is fed into seﬁﬁconductor

manufacturing equipment; and the oxide film is formed on the Si wafer surface.

In Fig. 52, numeral 51 designates a hydrogen gas nozzle, 52 a Si chip for

20 ignition held in a vicinity of a top side of the hydrogen gas nozzle 51, and 53 is
a heating lamp for heating the Si chip 52. A vicinity at a tip end of the hydrogen

. gas nozzle 51 inside the quartz furnace attains a high temperature from about

1800°C to 2000°C due to flames of combustion. In addition, an amount of

_ oxygen gas O, supplied to the quartz furnace 50 is set to a level exceeding one
25 half that of the hydrogen gas H, in order to completely combust the hydrogen gas
H, and to maintain safety, and flow rates of O, and H, are respectively separately
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Consqquent |y, for a conventional affixing of a silicon oxide film as shown
15 ~in Fig. 52, a process in which hydrogen gas H2 and oxygen gas (Jerr]
are allowed to conbust in a quartz furnace 50 has been extensively used
in which water generated by the conbustion of these two gases is-
fed i nto sem gerduseveral liters/min. manuf acturi ng equi pnent; and the oxide
filmis formed on the Si wafer surface. In Fig. 52,
nunmeral 51 designates a hydrogen gas nozzle, 52 a Si chip for 20

ignition held in a vicinity of a top side of the hydrogen gas nozzle 51,
and 53 is The preaessnef Fignd2fashieveaexaellentprastioah effests. inAhat wiatert y
at a tip end of the hydrogen . .. gas nqozzJe 51 inside the quartz
furnace att ai #&@m&w&%&m&%wn&w&gﬁmbemmmW%w@a @tagate
2000[ err] C due to flames ,of conbustion. In addition, an anmount of .
oxygen gas quFTVegE@HFFSé‘&“?U the quartz furnace 50 is set to a |evel

exceedi ng one 25 hal f that of the hydrogen gas Herr] in order to
conpl etely conbust the hydrogen gas Herr] and to maintain

safetyg and flow r gjgsevak igﬂgéﬁ@aggq,ﬂﬁg.ayﬁﬂ{eeé@ﬁa?rwmmﬁﬁgg@%@g?m

set to several liters/m rf _ process o

achi eves excepf %?Hrdg*eﬂcgdsq.i{ oﬁﬁi?énsgaerL ipfediBéEto decrease the witBEARBYnt,

generated is of a high purity and can be i nstantaneously generated at a

rate combhistimyemmadasily berthdreby stopped and it is therefore extremely difficult to
apply controls for decreasing the generated water amount, and a control range of

a ratio of water to oxygen (moisture content/oxjgen) iS narrow.

10 ~ The process has a difficulty in that because raw gas is fed directly into the
reactor pipe, when combustion stops an interlock mechanism becomes

indispensable to prevent explosion. .

In addition, there is also a problem in that when gas flow rate is reduced,

- flames ‘are generated in the vicinity of the nozzle, Si0, composing the quartz

15 nozzle evaporates, and these volatile materials - mix in a reactor atmosphere (H,o
+0, ) and contaminate a gas (H,0, 0, ) fed to the semiconductor manufacturing
equipment to such an extent that it can no longer be used for manufacturing high-

performance semiconductors.

In the meantime, for solving difficulties of combustion furnace type water-
20 - generating equipment as shown in Fig. 52, the inventors of this application
previously developed a water generating process using the equipment shown in

Fig. 53, disclosed in Japanese unexamined Patent Publication No. Hei-6-115903.

That is, this water generating process first mixes hydrogen H, , oxygen O,
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T However, in the process of Fig. 52, there is a problemin

5 iy -
that if the feed rate of hydrogen gas Herr] or oxygen gas
Jerr] is reduced to decrease the water anount, conmbusti on can

easily be thereby stopped and it is therefore extrenely difficult to

apply control %m&%eﬁgﬁé 35tb Torth REmBRARY $saT, M8 R teQHRIC ifitroduced intola
range of rati o of water to oxygen (noisture content/oxygen) is
narr ow. 10° reaction pipe 54 mate of aansteriaheaving dicatalyti¢ astiomttab atn badiealize r aw
gas is fed directly into the -- react or pipe, when combustion stops
an interlock hydiogensamd dxygemand at the same timé thei repetronapipe Séds peated to allow
expl osi on. . In addition, there is also a problemin that
when gas f| owhydregensandeenygsa, in the mixture gag Ciaweacsy therpbygenerating,wates.
vicinity of the nozzle, SiQ2 conposing the quartz 15 nozzl e
evaporates, and these volatile materials m x in a reactor atnosphere

(H err] err and .cont am pate g. 9as err 02) f.e t he
sem comduct or manuf 2t emhngmgtg‘ozgamﬁ@%toﬂ%%ﬁésgptgmg 'gqfr)l Tt
can no | onger 20| A ' Lgh- s Lafa® Bemir
sem _conduptorsp.tﬁ%hﬂaﬁglnm' ﬂ@%’f]i@ééﬁ' h&? gtﬁ&%gn [ ntlélfe g%srccg% v _ purity
difficulties %katepfaﬁgﬁi A6nd 19w B6ifoehiBf ol@h% pptrder to higliésifkatrhfien on a
equi pnent as shown | g. 52, the inventors ‘of this application

previ ously devyriredift brdeiaindratobesanic timepis axeeHentsinngspoussieendsgimneasehofin
in ig. 53, disclosed in Japanese unexani ned Patent Publication
No. Hei - 6- 1159f4intaining control, and in achieving high effeetss wat er generating process
first m xes hydrogen H2, oxygen (err]

10 However, the water generating process using the equipment shown in Fig.

53 still has many problems that must be solved.

A first pbint is that because the mixture gas C of hydrogen and oxygen and

argon is infroduced into the reaction pipe 54, a reactivity degrades as compared

. with a case in which only hydrogen and oxygen are supplied, and as a result, the

15 reactor size is increased. In particular, there is a case in which hydrogen or inert
gas is added to water to adjust an oxidation-reduction power, and N, O, etc. are

added to water in order to improve interface characteristics of Si and Si0,, and in

~such event, an increase of the reacfor size tesults in an increase of gas

consumption rate, posing a serious problem from a standpoint of economy, etc.

20 It is also a problem that even if hydrogen and oxygen finish the reaction
. completely, the product gas is a mixture gas of moisture and argon, and it is unable
to output high-purity water only or a mixture gas of water and oxygen.

A. second prbblem is a problem of responsiveness and reactivity of water

generation. Because stainless pipes are used as a material having the catalytic
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and jnert,gas Ar to forma mixture gas C, the mixture gas Cis introduced

into a reaction pipe 54 made of a material having a catalytic
action that can radicalize : hydrogen and oxygen and at the sane . -
time the reaction pipe 54 is heated to allow hydr ogen and oxygen-

i n the mxturg.@gsatd taalyRRGctiohltT! pipe suefaésarendiliveticit is unabile to achieve a
The water generating nethod according to the Japanese Unexam ned Patent

Publ i cati on Nurgéiedaction pasdtepen uniitsaifacaarsaxt ure gas contai ni ng
hi gh-purity wat er ranging froml|ow concentration on a ppb order
to high concentration on a percent order, and at the sane tinme is

excellent in responsiveness, in_ease of I ntai,ning cqntrol, and
in achi eving hi gh &sfreselt, when g large volume OfEWFEﬂi%{/T‘g’la,tefiffg%gﬂéiesg%W@#e&'ti ng
process using the equi preni.shown in Fig. . 53 stil. SPAL:!

probl ens t hat Vﬁﬂ’ﬂe gta %‘Ftvt&fer? min., is required, the reackion Bing s%ﬁﬁiﬁ? matkedly
because the m xture.ga f hydr. S

i nt rodSced i nfl%?f?ﬁfsd%é@cﬁtﬁﬁ sﬂ%‘%ﬂ%?coi’g{hgg@?@ﬁef/ﬁgae%?natge%en%atg%afed

with a case in which only hydrogen and oxygen are supplied, and as a

result, the 15 reactor size is increased. In particular, there is a
case in which hydr aQgeRir@ proBRin is safety. In 6fferito iniisiove tsaforptef thio watetst
an oxi dation-reduction 'pcRNer, and N[é}r,r] O etc. are o added to-

wat er in or degehdratingequipnient,¢hé ioventibaofJapariese Unexafniriid PatentSPdbilication i n

such event, an increase of the reactor size results in an increase of gas
No. Hei 6-115903 adjusts a heating temperature of the reaction pipe 54 to be
between 50°C and 500°C, and at the same time, the whole reaction pipe 54 is

- 10 uniformly heated to the same temperature.

However, because a significant portion of the reaction between hydrogen
and oxygen in the reaction pipe 54 takes place at a portion close to an inlet end of
the reaction pipe 54, the temperature of the reaction pipe 54 rises more at a portion -

closer to the inlet end of the mixture gas dueto reaction heat.

15 - Asa result, for example, if the heating temperature of the reaction pipe 54
is set to a high temperature of about 500°C, the temperature at the reaction pipe
- -inlet end sometimes reaches nearly about 600°C, and even in a case of argon
mixture gas, ignition of hydrogen gas may result when the argon mixture rate is

small. |

20 . When the temperature of the reaction pipe 54 is lowered, there is a problem

in that the reaction gas increases. -

SUMMARY OF THE INVENTION

A primary object of this invention is to solve the problems in the
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consynption rate, posing a serious problemfroma standpoi nt of econony, -

etc. 20 ' It is also a problemthat even if hydrogen and
oxygen finish the reaction - conpletely, the product gas is a
m xture gas of npoisture and argon, and it is unable t o out put

hi gh- purity. walatemibnal OvaterMgéhdthfiof 2froeEss @ CwatdiCheéyditiz equipment for

A second probl'emi1s a problem’of responsiveness and Teactivity of water

genelr ation. Begmisendilctérnmantfactipiity equipment--thatisnel)eni abo%lbu?}ti’(m fureace
catal ytic - 3-

action and catsghtghi using hiquarte fumaee; itis diffical taadjust thei fhew ratetiniasmalbfiow t o
achi eve a _large reaction gas rate per unit surfac ar(fa. . o
As result, whaatearegiongf geoctated watengeacrated wWater ds llkddrtOéa@ﬁjhE@ >&ndhigh-
volume of about 1 liter/mn., is yequjred, the reactjon pipe b4.itself is
markedlS) 5 . purity WA EAaBBOHRIODIERCHH2) T kavale: SencUine HIBRS 6T Ttrcing
taken to generate water. . . thir em. g .S I n
order to i npr¥SOREHERLe g3s infg & staipless steel reacﬁonplpgegl}%i%*nagﬂlgﬁﬁ?r Y #{Iet he
I nvention of Japan ) WeF-1gWela? . lll;gh'e-

6- 115903 adj uéfl %%ﬁgaﬁgﬁwgon%grrgﬁh%o Hpﬁg@eﬁwgﬁgﬁ’p(g)gﬁ%go e 18

increased and it is difficult to downsize this equipment and at the same time,

responsiveness is poor; and (4) when a heating temperature of the reactor is raised

10 - to increase reactivity and responsiveness, an inlet end temperature of the reactor
rises excessively, giving rise to a danger of causing an explosion, etc. -, and it is

another object of this invention to provide a water generating process, a water-

generating reactor, a temperature control process for the water-generating reactor,

and a process for forming a platinum coating catalyst layer of the water generating

15 reactor which can greatly reduce the size of water-generating equipment and
which can safely and stably produce high purity water at a rate exceeding’ 1

liter/min. as well as a mixture gas of high purity water and oxygen under

conditions of higher responsiveness and reactivity.

- That is, a water generating process of this invention basically relates to
20 supplying hydrogen and oxygen into a reactor equipped with a material with
catalytic action that can activate a reactivity of hydrogen and oxygen, and seeks.
to hold the reactor temperature at a level below an ignition temperature of
hydrogen or gas containing hydrogen, thereby allowing the hydrogen to react with
.the oxygen while preventing combustion of the hydrogen and the oxygen in a
25 process for generating water from the hydrogen and oxygen.

A first water-generating reactor according to this invention has a basic
construction in which cylinders made of a material having the catalytic action that
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bet ween 50[err] C and 500[err]C, and at the sane tine, the whole reaction
pipe 54 is 10 uniformy heated to the sane tenperature. _

However, because a significant portion of the reaction between hydrogen
and oxygen in the reaction pipe 54 takes place at a portion close to an

inlet end of can activate thechydeegen onoRygeh Fehctivitg, 618513@51:3?1&1 whebe %ﬁ!&'ace is
reaction pipe 54 rises nore at a portion closer to the inlet end
of the nixtur eoyersdanith the sameanaterialteving the tatalytic action, are in aAasiang] Reforin
for exanple, if the heating tentﬁerature of the reaction pi pe 54

is set to a hipgssagenibeoughwhichithe bydrogsnend pxyg@n flow Whlhlpemmglgmtcgg%ltthet .
reaction pipe ., . nl et end time aches nearly about err
and even in-a Ay dnpsr ag*dlégnouterwall s“rllFaﬁF%t ‘Fl'éﬁl{?&%g aheaterjogtsids oninsidgythe gas
may result whep.the argon mxture rate is smal | . 20

When the tenp PHt8r e of the reaction pipe 54 is lowered, there is a problem

in that the reaction gas increases. . . .
SUMVARY OF THE | NVENTI ON A primary object of this

l_ ZV_ent ion is to soufthbhford] #5968 defiefalifig reactor according to this invention has a
basic construction in which a column (filled with: granules made of a material
having the catalytic action that can activate reactivity of hydrogen and/or oxygen;
sintered materials of powders or fibers made of the material having the catalytic

10 action; laminates or honeycomb bodies comprising thin sheets made of the
material having the catalytic action; mesh bodies, sponge bodies, or fin-shaped
bodies made of the material having the catalytic activity; or granules, sintered
materials, thin sheet laminates, honeycomb bodies, mesh bodies, sponges or fin-
shaped bodies whose surfaces are covered with the material having the catalytié

15 activity) are placed, or two or more of these are placed, in the casing, and
passages are formed for allowing hydrogen and oxygen to flow therethrough while
coming in contact with said granules, sintered materials, laminates, honeycomb

bodies, mesh bodies, or fin-shaped bodies, and, at the same time, a heater is placed

outside or inside the casing.

20 In addition, a third water-generating reactor of this invention comprises a
reactor body made of heat resistant material equipped with an inlet and water and
moisture gas outlet, and a platinum coated film on an inner wall surface of the

-reactor body, wherein hydrogen and oxygen supplied from the inlet is'brought in
contact with the platinum coated film to activate the reactivity and water is

25 produced from the hydrogen and the oxygen.

A fourth water-generating reactor according to this invention comprises a

-6-



conventi apal water generation process or water-generating equi pnent for

sem conduct or manufacturing equiprment -- that is: (1) in a conbustion
furnace systemusing a quartz furnace, it is difficult to adjust
the flowrate in a small flow rate region of generated water,

gener at ed wat eéackér Bodyahidd of hsat BeSisdtanitatlaterialeduigied with an inlePaid watd¥andY
cannot be obtained; (2) in a water generating process for introducing
argon m xt ur e ngsisturd gas outlétan gas diffuding mensbartprovided imside an dutetnal spadegdf

t enper at ur e, - it is unable to OUti%umt wat er or water and oxygen

m xture gas; (18 reactoehodyyand aplatipum coated film provideden an iuneartwalksutifade afll t
to downsi ze this equi prent and gt the sane tine, ] r esponsi_veness
is poor: and (hg reacder Rodrawhezemndnydrogen apd Axygen supplied from thei mlef avp

reacton " Qiffusefty!he gre GELRHES oo #15 (LR hELiR, YGUPTBROBARL MG an
losion. ete . and it q ' . on t
ot ovi de. & wat dhe Hariiioaated Mg o activats B IpACKy ) s ihucie brodick CHOHL Y ' ©
a tenperatur eh&@ﬂi 'anﬁrtﬁﬁ%ﬁggéﬁ’.r t he water-generating reactor,
or a

and a process orm ng atinum coating catal yst |ayer of the water
generating 15 reactor which can greatly reduce the size of
wat er - gener ati ng equi pnent and whi ch can safely and stably

produce hi gh purityAwptoeessiof sempémture opatiohof b water-generatingt reactor rof this
well as a mxture gas of high purity water and o_xy%(aean under, .
condi ti ons of invegition comprises praviding agatalysdn aioasing that can activate reactivity ofThat

is, a water generating process this invention hasical relates to
suppiyitng hy B gurecat Ghggeranthelips ehEbGRasaRY SomPaRIe o AdEEeRIang 1 &

S a8 O VGRS ol B
gL on T et cnd oY B0Paft 48R B B NS e

_preventing c0Iﬁiyaﬁagearhn@[foﬁy{gﬁnftﬁ%m%me&ﬁmepmghitemw&iue. process

for generating water from’the hydrogen and oxygen.

A process for forming a platinum coated catalyst of a water-generating

15 - reactor according to this invention comprises cleaning an inner wall surface of a

‘metallic body of a reactor by applying a surface treatment, forming a barrier

coating of a nonmetallic material of an oxide or a nitride on the inner wall surface

and forming a platinum coated film on the barrier coating in the water-generating

reactor, with the platinum coated film formed on the inner wall surface of the

20 metallic reactor body (the body having an inlet and a water and moisture gas

outlet) being used as a catalyst, with hydrogen and oxygen supplied through the

inlet being brought info contact with the platinum coated film to activate their

. reactivity and water being generated from the hydrogen and oxygen in the water-
generating reactor.

25 Hydrogen and oxygen, mixed at a ratio of nearly 2:1, are allowed to come

into contact with the high-temperature catalyst material surface in the reactor, and
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A first water-generating reactor according to this invention has a basic
construction in which cylinders nade of a material having the catalytic
action that can activate the hydrogen or oxygen
reactivity, or a material whose surface is covered with the sane

material havi ngdidatizé@tts} Whaialyts bb@on of el chtalySeaidéhiall ® HRESY react and
passages through whi ch tthe hydrogen and oxygen™fl ow whil e con1d5 Into

cont act generatewtdted. nner and/ or outer wall surfaces, there being a
heater outside or inside the 5 casi ng.

Furthernore, a second generating reactor according to this invention has a
basi c construction in which a colum (filled wth: granules nade of a

mat eri al Thesgenegated avateris gyided out of amoutletenskof the reactoras steam,

reactivity of hydrogep and/ or poxygen;. intered mategjals, of
powders or fi t?&dst{l?é is %M‘gﬁisﬁ}MMQWt@ngaI@b p’r@.qui[fleated,a@qd on;
| am natgs or neyco hes _conmnrd sing thisn . sheets nmade of the

mater al havi 5% RERRE R Se Sl dudphe A iaE eI BRI ot o5, or
fin-shaped - bodi es made of the material having the catalytic
activity; or granules, sintered materials, thin sheet |am nates,

honeyconb bodi es, 'Béd&u@@ﬂ&&joﬁ@%ftﬁ@&a@ﬁoﬁdﬁbtwemﬁehydmgéﬁﬂ&ﬁg@%'tﬂ&

whose surfaces are covered with“the material having the catal yti

activity) are plhgeitda vivinityofthe gas inletf eridofsthe aesctot, da ¢l first anliahe s6¢ail

and passages are formed for allow ng hydrogen and oxygen to flow
t her et hr ough wwiteregenerating reactersianeprding-torthisdnvention, 4 ihlefremd dfdbe redatorr ed
material s, |aninates, honeiyci%nb . badi es, sh bodi es, , or
fin-shaped bod$ eBorengtrongly heated nhy ¢ yeastion, heagiand | rises greatly.

outsi dﬁ) or ! ns('lgnesea&een 6}SclaQa(iytic action at the reaction inlet end is weakened, gas supply

position is distributed in a longitudinal direction of the reactor, or an inlet-end
heater temperature is lowered so that temperature rise on the reactor inlet end is

prevented.

Contrary to this, in the third and fourth water-generating reactors of this
- 15 invention, because reactions of hydrogen and oxygen take place nearly uniformly
throughout whole inside areas of reactor bodies, a temperature of the whole reactor

body rises nearly uniformly.

In a water-generating reactor in which a platinum coating catalyst layer is
formed according to this invention, the barrier film formed on the inner wall
20 surface of the reactor body prevents metal components forming the reactor body
. from diffusing into the platinum coated film., Consequently, an amount of metal
oxides formed in the platinum coated film greatly decreases and a high catalytic
performance of platinum can, thereby, be stably méintained over a long period of

time.



20 0 7w In addition, a third water-generating reactor of this

I nvention conprises a ~reactor body nade of heat resistant

mat eri al equi pped with an inlet and water and noi sture gas
outlet, and a platinumcoated filmon an inner wall surface of the

reactor body, wherein hyd BRIEF BESCRIPTEONOFPTHEDRY inlet is
brought in contact with the pratrnum coated f1 o activate the

reactivity and wat @igi § i85 systempblodkcdidgian® ¥hbtwing ul' GHBOdiRiht IdTe Wissen.

A fourth water-generating reactor according to this invention conprises a

- 6- generating equipment using firsteae thé sécond watetr-geaatatingtreadtels eftthispped -
with an inlet and water and noi sture gas outlet, a gas diffusing
menber provi dE&Ven#ONie an internal space of t he reactor body, and
a platinumcoated filmprovided on an inner wall surface of t he
react or body, wherein hydrogen and oxygen supplied fromthe inlet are 5

wtn 3 E DOREA e IR fcBgnal ey Ve Rt embodimenir ©
water is prodyeefl.k Lot : ' hydrogen and the oxygen. '
A process of terrpefrtatureggl%)erl;?trmcﬁregfmg’ wat er - generating reactor of this

I nvention conprises providing a catalyst in a casing that can activate
reactivity of

Fig. 3 shows a second embodiment of the first water-generating reactor;
Fig. 4 shows a third embodiment of the first water-generating reactor;

Fig. 5 is a schematic cross-sectional view of a gas spouting mechanism of

10 the first water-generating reactor;
Fig. 6 is a cross-sectional view taken on line VI-VI of Fig. 5;
Fig. 7 shows a fourth embodiment of the first water-generating reactor;
- Fig. 8 shows a fifth embodiment of the first water-generating reactor;
Fig. 9 shows a sixth embodiment of the first water-generating reactor;
15 Fig. 10 shows a seventh embodiment of the first water-generating reactor;
Fig. 11 shows .an eighth embodiment of the first water-generating reactor;

Fig. 12 shows a ninth embodiment of the first water-generating reactor;



* hydrogen or oxygen, and. hol ding an upstream end tenperature of

10 i,

hydr ogen and oxygen under reaction in the water-generating
reactor at a level lower than a downstream end tenperature in the
wat er - generating reactor by allow ng the hydr ogen and oxygen to

react with each ot hgs B siowd §eritl ERModiniemt of the first water-generating feddt@§ €SS
for formng a platinumcoated catal yst of a water-generating 15 .

reactor according to this invention conprises cleaning an inner wall

surface of a metal lic body of a reactor by applying a surface
treat nent, forni ngRighh4 shews an overall systesadiagyawf oftestoequipment for obtaining  of
an oxide or a nitride on _the inner wall surface and formng a

pl ati num coat bdsicidate efithisinveationer coating in the water-generating
reactor, with the platinumcoated filmfornmed on the inner wall surface of
the 20 nmetallic reactor body (the body having an inlet and a water and

oxygen suppi i ed t nEsEch Pttt MEowhe WSt lp b bk fonethe B BRERAT

the pl atinum |} 45 whvate their reactivity and water
bei ng dgener at g@%ﬁ%ﬁ%@%gﬁgé n and oxygen in the water-
generating reactor. 25 Hydr ogen and oxygen, m xed at a

ratio of nearly 2:1, are allowed to cone into contact with the
hi gh-tenperature c&®igl ¥6is axgraph showmgrd wiationshipthetweern reactordemperature and
-7 - radi calized by catal ytic action of the catalyst

material to diwatet generation (Best 1);

Fig. 17 is a graph showing a relationship between reactor temperature and

water generation (Test 1);

10 - Fig. 18 is a graph showing a relationship between reactor temperature and

water generation (Test 1);

Fig. 19 is a graph showing a relationship between a mixture-gas-flow rate

and remaining O, (Test 1); - - -

- Fig. 20 is a graph showing a relationship between reactor temperature and

15 water generation when a nickel filter is used (Test 3);

Fig. 21 is a diagram showing a relationship between mixture-gas-flow rate

-and remaining O, in a case of a nickel filter (Test 2);

Fig. 22 is a graph showing a relationship between reactor temperature and

water generation when a nickel ribbon is used (Test 3);
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gener.at’e wat er. : . The generated water is guided out of an
outlet end of the reactor as steam and thereafter, is mxed with
a suitable anount of Qerr], N2, Ar, etc. and heated, and 5 t hen
supplied to the sem conductor manufacturing equi pnent.

Because a majority mb 3R d&&@‘a@%ﬁﬁé%@ﬁﬁbﬂﬂﬁﬁﬁgﬁ%ﬁﬁnﬁw&w&ﬁ@
place in a vicinity of the gas inlet end of the reactor, in the first and’
the second  and remainifg ©,ieresewhege miclkal eitbonds asell (Rest 3);t hi s i nventi on,

the inlet end of the reactor is nore strongly heated by reaction
heat and tenperature rises greatly. 10 Consequently, catalytic action
at the reaction inlet end is weakened, gas supply position is

distributed in a | digi 24disha geapheshowingon relationshin betwemm fime @nd: water
heater tenperature is J|owered so [hat tenperatur i se.on the reactor inlet
end is gen FeSp@nsivencss) gas sstopp@,({l‘p%{,/l); to this, in the
third and fourth water-generating reactors of this 15 i nventi on,
because reactions of hydrogen and oxygen take place nearly uniformy

h whol e i Rjgj.d ; j . I
throughout whol e 114109525095 ghlol Worgﬁ%;l/@fonsﬁlﬁ BRRREGH tinfe Fnd! Wareho! @

react or yrises

wat er - gener at i t ofisivBhéss) Gafiek ¥, dhnBalemH|(Tesk Hat al yst layer is

f ormed accordigr%ge{a(;ﬁ%tﬁh(?ispibnventi o)n, the 2barr i ggéfqplém?gr med on the inner
wal I 20 surface of the reactor body prevents netal conponents formng
the reactor body fromdiffusing into the platinumcoated film
Consequent |y, an afign26ois megrdph showing a relatinmshipo betwieam tinee apdawiaterm

ol ati num can. EPRETHSR. (RSpoBPRBHSBSNALIE LTaoBoBi®) (sl periof of -
time.
| Fig. 27 is an illustration of ignition temperature detection equipment; |
10 | Fig. 28 is a graph showing ignition temperature.(Test 5);
Fig. 29 is a graph showing ignition temperature (Test 5);
Fig. 30 is a graph showing ignition temperature (Test 5);
Fig. 31 is a graph showing ignition temperature (Test 5);
Fig.32isa graph showing ignition temperature (Test 5);

15 : Fig. 33 is a graph showing ignition temperature (Test 5);

Fig. 34 is a longitudinal cross-sectional view of a test reactor using

platinum foil as catalyst material;

-11-



-8- v o BRI EF DESCRI PTI ON OF THE: DRAW NGS
Fig. 1is a system bl ock di agram show ng an enbodi nent of water-
generating equi pnent using first and the second water-generating reactors
of this i nventi on; 5 Fi g. 2isascherrat|c

cross-sectional vi mma%@-gaﬁmm%gs@toﬂ% XXXV-XXX¥0o dFi'gS§4

wat er - gener ati ng reactor

enbodi ment of the first water-generating reactor; Fig. 4
shows a third enbodi ment of the first water- generatl ng reactor;

Fig. 5 is a schenatHig. 36dss lomgitudinal cmssvseoﬁomlgﬁewsaﬁlatﬂeﬂgreﬁﬁt‘diﬁlﬁkﬁ@@f

10 the first water-generating reactor;
pl atmum—plateg nickel thin sheet as catalyst material;

Fig. 37 is a cross-sectional view as seen on lines XXXVII-XXXVII of Fig.
5 36;

Fig. 38 is a longitudinal cross-sectional view showing a first embodiment
of third and fourth water-generating reactors according to this invention;

Fig. 39 is a plan view of the structure of Fig. 38;

Fig. 40 is a diagram showing temperature of each portion of the reactor
10 according to the first embodiment;

Fig. 41 is a diagram showing changes with passage of time in water

generation reactivity in the reactor 1 of the first embodiment;

- Fig. 42 is a diagram showing water generating responsiveness of the first
embodiment;

15 Fig. 43 is a schematic longitudinal croés-sectional view showing a second
embodiment of the third and the fourth water-generating reactors according to this

. invention;

Fig. 44 is a schematic longitudinal cross-sectional view showing a third
embodiment of the third and fourth water-generating reactors according to this
20 invention;

S -12-



Fig.-.
Fig.
Fig.:
Fig.
Fi g.
Fig.
Fig.

-0-

6 'i.s~a cross-sectional view taken on line VI-VI of Fig. 5;

7 shows a fourth enbodi nent of the first water-generating reactor;
8 shows a fifth enbodi ment of the first water-generating reactor;
9 shows a sixth enbodi ment of the first water-generating reactor;

10 shows a sev§ pﬁl‘%ﬂ
11 shows an ei gﬁtiS |rrenmp(§f&€&% ﬁ&%%éﬁ" gengpg%l ng reac%‘tg
12 shows ﬁuﬂh%&e@ﬁ&%ﬁﬁ@i‘ea@{oﬁshe first water-generating reactor;

[ 13 'shows a tenth embodi nent of the first

wat er - generati ng reactor;

Fig. 46 shows changes with passage of time in water generation
responsiveness in a water-generating reactor having a conventional platinum

5 coated film;

Fig. 47 shows XPS analysis results of a platinum coated film surface after

use in a conventional reactor;

Fig. 48 shows XPS analysis results of another platinum coated film surface

10 after use in the conventional reactor;

Fig. 49 shows a longitudinal cross-sectional view of the fourth water-
generating reactor according to this invention to which the method for forming the

platinum coated catalyst layer of this invention is implemented;

Fig. 50 shows a fragmentary eﬂarged sectional view of the reactor body of
15 Fig. 49;

Fig. 51 shows changes with passage of time in water-generation-reactivity
rate in a water-generating reactor with a platinum coating catalyst layer formed in

accordance with this invention;

Fig. 52 is an illustration 6f known combustion-pipe-type water-generation

20 equipment; and

Fig. 53 is a schematic representation of catalyst-reaction-type water-

generating equipment according to an earlier-filed application.

-13 -
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. Fig.+14 shows an overall system di agram of test equi pnment for obtaining

basi ¢ data of this invention; Fig. 15 is a graph show ng
a relationship between reactor tenperature and 5 wat er generation
(Test 1); Fig. 16 is a graph showing a relationship

bet ween reactor tenperature and wat er generation (Test 1);

Fig. 17 is a graph showing a relationship between reactor tenperature and
wat er generation (Test 1); 10 Fig. 18 is a graph showi ng a
rel ati onshi p between reactor terrper ature and wat er generation
(Test 1); AlL ESCGRIPTI OF: ' 3

between a m xture-gas-flow rate and remai ni ng Qerr] (Test 1);

Fig. 20 is a graph showing a relationship betvveen react or tenperature and
15 wat er gener t|on wh ' i5ed (Test .3);
Fig. 21 is a AT AICNTalng VIE ond Water-generating

Iﬂmmcmd_l\/leﬁwd
5 Fig. 1 is a system diagram of water-generating equipment employing a first
and a second water-generating reactor. In Fig. 1, reference characters H,
designates hydrOgén gas, O, oxygen gas, Ar argon gas for purging, MFC1-MFC4
mass flow controllers, V; - V, valves, TCl -TC4 temperature measuring
thermocouples, 1 a reactor, 2a -2d check valves, 3 a heater, 4 an O, and H, mixing
10 portion, 5 an O, and water mixing portion, 5a a heater, and 6 semiconductor

manufacturing equipment.

Hydrogen gas H, and oxygen gas O, supplied to the reactor 1 are set to
either 2:1, 3:1 or 4:3 and, as is clear from a test sample 1 later discussed, an H,-
rich mixture gas can lower reaction temperature and water is likely to be

15 generated.

- In Fig. 1, a reaction gas is brought to a hydrogen-rich condition, but
needless to say, conversely, the reaction gas could also be brought to an oxygen-

rich condition.

In Fig. 1, hydrogen and oxygen are to be supplied to the reactor 1 ina
20 . gaseous form, but liquefied hydrogen and liquefied oxygen could also be supplied.

Furthermore, in Fig. 1, hydrogen and OXygen are premixed at the mixing
portion 4 and supplied to the reactor 1, but it is also possible to supply hydrogen
gas and oxygen gas independently to the reactor 1, and to mix them in the reactor

-14-



and remai-ning Jerr] in a case of a nickel filter (Test 2);
Fig. 22 is a graph showing a relationship between reactor tenperature and
wat er generation when a nickel ribbon is used (Test 3);

-10- Fig. 23 is a diagramshowi ng a rel ationship
bet ween m-xture-gas-flow rate - and remaining Jerr] in a case
where nickel ribbon is used (Test 3); Fig. 24 is a graph
showi ng a rel ationship -between tinme and wat er generation

(responsiveness) (after gas is stopped) (Test 4); Fi g.
25 is a graph showingdditien,dniRigshy thepmixturengas aﬁhudwgﬂat@s and oxygen gas

B0 26 5 o gomped shbamies pertin .mﬁ%ﬁﬁgé'%%? 5 1 3hs» ot rpreheating
generation (r es tlgxf i—fllesri)er%‘si%deﬁaaft talexrmt%c?ucﬁg Hleoan of] ﬁ)e rga&or 1,4 &nd the mixture
5 gas may be preheated thereby. By providing the mixture gas preheating section

at the gas introducing portion, even under conditions in which there is not a

sufficient temperature or flow rate, it is made possible to effectively prevent

generation of urireacted gas.

First Embodiment -
10 The reactor 1 comprises a heat-resistant corrosion-resistant Ni alloy
| (Hastelloy) casing 1a in which a plurality of nickel pipes 1b are housed as shown
in Fig. 2 (first embodiment). In Fig. 2 the mixture gas is allowed to flow as a
shuttle flow in the Hastelloy casing 1a (which has a 34.6 mmo inside diafneter),
where 4 to 6 pieces of nickel pipe 1b (each having a 1/4 inch o inside diameter and
15 a 100 mm lenth) are hqused, so that both inner and outer surfaces of the nickel
pipe 1b are utilized as catalysts for activating the reactivity of hydrogen and

oxygen.

- A gas pressure at an inlet to the reactor 1 is selected to be 1.1- 1.05 kg/cm?,
and a flow rate is set at O, = 500 cc/min. and H,=1,000 cc/min., and 1,000 cc/min.

- 20 water is generated.

The heater 3 is wound around an outer wall surface of the casing 1a of the
reactor, and the heater 3 is used to hold the mixture gas at the inlet end of the
reactor 1 to about 200-500°C and at an outlet end to about 600°C or lower.

The temperature of the nickel catalyst in the reactor 1, is preferably

-15-



Fig.«27 is an illustration of ignition tenperature detection equipnent;
10 - Fig. 28 is a graph showing ignition terrperature (Test 5);

Fig.*29 is a graph showing ignition tenperature (Test 5);
Fig. 30 is a graph showing ignition tenperature (Test 5);
Fig. 31 is a goapbllédRB00a5007T fdﬁﬂe‘iﬂ@?éﬁ&? igﬁgie:@me and in a range that
Fig. 32 is a graph showing ignition tenperature (Test
Fig. 33 is a doephotuanyé stgamgoicohdenstomioand o het hikhes thah 600°C for the outlet
Fig. 34 is a longitudinal cross-sectional view of a test reactor using

[

pl ati num f oi | end posticn, pstis clearfront gach test example discussed below.

This is because, as is clear from test example 2, about 68% of 75 cc/min.

5 of H, and O, mixture gas (when the reaction piping, formed of Ni pipe at 1/4 inch

inside diameter and 2 m long, is held to 450°C) completes reactions within 20 cm

from the inlet end and about 29% of 750 cc/min. of mixture gas (when the reaction

piping formed of Ni piping, of 1/4 inch inside diameter and 2 m long, is held to

450°C) within 20 cm from the inlet end, respectively. During this period, a large

10 amount of reaction heat (2 H, + O, = 2 H,0 + 136.6 kcal) is dischafged, and with
this heat, the nickel pipé 1b (catalyst material) is overheated.

In the first embodiment, the nickel pipes 1b only are used as catalyst

material, buta pipe 1b' to which H, and O, is fed in a first flow may be made of

a fnaterial with Jow reactivity, and conversely, the pipe 1b through which returning

15 H, and O, is fed may be made of a material with high reactivity so that overheating
of the mixture gas at the upstream end portion may thereby be prevented.

- In the first embodiment, the number of pipe(s) 1b' through which H, and

O, is fed in the first flow is the same as that of the pipe(s) 1b through which

returning H, and O, is fed, but heating of the mixture gas at the upstream end may

20 be prevented by having a smaller number of the former pipes than the number of
the latter pipes.

In addition, in the first embodirﬁent, water generated in the reactor 1 is
supplied directly to semiconductor manufacturing equipment (illustration omitted)
but if a preheating portion (not illustrated) is installed at the gas inlet end of the

25 reactor 1, the generated water taken from the outlet end of the reactor 1 may be

-16 -



Fig.«35 i's a cross-sectional view as seen on |ines XXXV- XXXV of Fig. 34,
Fig. 36 is a longitudinal cross-sectional view of a test reactor using a

pl ati num pl at ed- ni ckel thin sheet as catal yst material; :
Fig. 37 is a cross-sectional view as seen on lines XXXVI|-XXXVIl of Fig. -
5 36; m | 5 c,ﬁﬁ,ﬁ t al
Vi ew show ng gel%ela;cesc% ugm Ohelar?ef;om Eiegpreﬁéaﬁﬁg ? 0t hi rdlsﬁfden ? 013 r% 039 "
wat er - gener at sefidohdatior mandactdting eqaipgnién. | nventi on;

Fig. 39 is a plan view of the structure of Fig. 38;

Fig. 40 is a di agram show ng terrperature of each portion of the.-reactor 10

according to the first embodi nent Fig. 41 is adlagram
showi ng changes wi #4% the @dg@taéystmatmalnahhtﬂteroerbbonnwh& shown
reactivity |nthe react.or, the f odi nent

Fig. 42 15 a iSH ORI §<&ssgia ¢orid WaicF SEpUAtnG EHcte) ot HARteoY.s

enbodi ent ; 43 15 a sghematic | ongitudi nal
cross- Sect i ongﬂa%\ﬂug%v l)sqﬁg\t?ﬁ]wﬁs%StgglgSdeaysbe used:

The catalyst may be formed in a column filled with granular catalyst,

- sintered material of powders or fibers (filter element), laminate with laminateing

thin sheets, honeycomb body, mesh body, sponge body, or fin-shape body. One,

two or more of these may be initially placed in the casing 1a to form a passage(s)

10 through which hydrogen and oxygen is allowed to flow while coming in contact

with them (second water-generating reactor).

In addition, a pipe, granule, sintered material, thin sheet laminate,
honeycomb body, mesh body, sponge body, or fin-shape body whose surfaces are
covered with the catalyst material (second water-generating reactor) may be

15 selected as the form of the catalyst.

- The first water-generating reactor 1 according to this invention can
successfully achieve a water generation responsiveness (about 40-50 seconds)
required for practical use, given a certain level of allowanee as to the conditions
of temperature and gas flow rate under which total volume of H, and O, are

20 allowed to react as shown in test example 4, discussed below..

Even if the inner surface of reaction piping is reduced with H, or oxidized
with O, (annealing temperature: 500°C), a water generation fesponsiveness is
completely free of any influence, and changes of water generation reactivity of the

reaction pipe never occur.

-17-



enbodi nent of the third and the fourth water-generating reactors according
tothis: I nventi on; Fig. 44 is a schematic

| ongi tudi nal cross-sectional view showing a third enbodi nent of
the third and fourth water-generating reactors according to this 20

i nvention; : -12- :
Fig. 45 is anillu ' of . : < rafd i usj +1 hi

and t our F RF kel SrilfxEicf R At ! B 1, s howif LA

shows changes eﬂ:%ﬁle%%%ﬁ@se@bel&v?ﬁn@ﬁ?’&kébfﬂf&“ﬂ{ ) Opthixture ratio of 3:1, 2:1,

responsi veness I nm a water-generating feactor having a conventional platinum

> coat geld 413, Wigas ignition temperature is abou620°C andne g¥FiEndtien jsobservedul t s
of a platinumcoatéd Tilmsurface after use In a conventi onal
reactor; at 610°C. Fig. 48 shows XPS anal ysis results of another

pl ati num-coated fil msurface

5 In this invention, since the gas temperature in the reactor 1 is controlled to
be 600°C at a maximum, or lower, there is no fear of gas ignition, that is, gas
explosion. In particuiar, controlling the temperature at the gas inlet end portion
of the reactor 1 to be in the vicinity of about 200-500°C, with the reaction heat of
the mixture gas taken into account, temperature of each portion of the reactor 1

10 can be surely held to 600°C or lower, aﬁd explosion by ignition can be completely

prevented.

At the gas mixing portion 4 of the O, gas and the H, gas, a regular in-pipe

gas mixing system is adopted, and no special gas mixing mechanism at all is used.

Needless to say, a gas mixing mechanism designed to discharge H, gas into
15 oxygen gas O, in a swirling stream using a mixing box (not illustrated) and to

unifor_mly mix them both, may be used as a gas mixing portion 4.

A gas preheating portion may be installed inside or downstream of the

mixing portion 4.

The O, and water mixing portion 5 is installed near the outlet end of the

20 -reactor 1, and is provided with the heater Sa.

That is, oxygen gas O, is mixed with water spouted from the reactor 1, and
the mixture gas of H,0 and 0,is heated to higher than about 120°C by the heater 5a to

prevent dew condensation of H,O on pipe walls, and then supplied to the

-18 -



10 . - -.after use in the conventional reactor; Fig. 49 -

i

shows a | ongitudinal .cross-sectional view of the fourth water-
generating reactor according to this invention to which the nethod for

formng the pl ati num coated catal yst |layer of this invention is
I npl ement ed,; . manufa tugin' e bpvg a fragnentary enl arged
sectional vi ev%e%"flc dé"c’rweractor Bo y%ofq%?%f‘l Fig. 49;

Fig. 51 shows changes with passage of tine in water-generation-reactivity
rate in a water-generating reactor with a platinumcoating catal yst |ayer

formed in Inahe ecattorck ofiFigh 1t K),ds mivedwiithrwater, but as a diluting gas, 11Fi g.
52 is an illustration of known conbustion-pipe-type water-generation 20
equi pnent ; ancddition to O,, H, and inert gas for gHusting0xi eductiop poee; o Nof, of -

catal yst-reacti on-type ter- ener ati.ng eguipment according to
an ea)rll ier-filedey fgp%gp{g\g@@ng,ip erface charactefistics S¥$i'shd éi%zp ate Sometimes used.

- 13 -

5 In the reactor 1 of Fig. 1, since gases supplied to the reactor 1 are restricted
to hydrogen and oxygen only, as compared to a conventional case in which
mixture gas (diluting gas) of hydrogen, oxygen, argon, etc. is supplied, the
reactivity is improved, and it has an advantage in that the reactor 1 can be

downsized a corresponding amount.

10 Table 1 shows analysis results in which impurities in water generated from
the first water-generating reactor 1 according to this invention was analyzed by a

flameless atomic absorption analysis.

That is, the generated water was collected by allowing it to condense in the
PFA tube, and three components of Cr, Fe, and Ni were analyzed by the flameless
15 atomic absorption analysis. As a result, metals of all three components became

low values on the order of ng/mL or less.
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DETALLED DESCRI PTI ON OF THE PREFERRED EMBQODI MENTS
Cenerating Method and First and Second Water-generating reactors and
Fig. 1 is a system diagram of
and a second

Tenper ature Contr ol

Met hod

5

wat er - gener ati ng equi pnent enploying a first
ref SRECE characters H2

wat er - gener at
desi gnates hy
MFC1- MFC4

i ng reactor.
dr ogen gas,

t enper at ure measuring

valves, 3 a h

Jerr] and water

manuf act uri ng

Qerr] supplied to the reactor

I’ICh m xture |

15 5 gener
to a hydrogen
the reaction
condi ti on.

supplied to t

eat er,
nixing port
equi pnent .

In Fig.
Jerr] oxygen gas,
- mass f | dmatysis ofithpurstiesvingsenkrated/ vatez! ves,
t hernocouples, 1
4 an qe(ﬂmlwsa{cmnc]absovpmgmlysis) portlon,

and 6 sem conduct or

1,

i on,

5a a heater,

Ar argon gas for

a reactor,

Wat er

pur gi ng,
Td

-TCGA

2a 2d check

5 an

Hydr ogen gas H2 and oxygen gas -

be
ght

1 are set to eith
4:3 and, as is clear froma test sarrpl e 1 later discussed, &riﬂl q.%/m llteﬁ
I i'ccu..t I UII LCII'JCI QL ul oy allu ‘VmL I I a I : !\CI v
ht ed Element n=1 In Fig. h=2a reac| |or'1\/Iganvah1ebr0L
1 | \.,:l \.,UI]L.:; t | UTT, iJut llcc,uli eSS0 oAy, CuUltvel ocl ﬂ,
jas colld al so |be brbd@ht to|lan ofpdn- 0.068ch
gt rydrogemamdoRygeT areto e
ne reacker 1 i1 a 1.§J 1.6 1.6
Ni 0.69 0.74 0.72

10

15

Note) n= 1 and n = 2 indicate the results of measurements carried out twice.

TABLE 2

Chemical component (wt %)

Ni Cu Fe Mn C Si S
Min. 99.0 - - - - - -
Max - 0.25 0.40 0.35 0.15 0.35 0.01
Analysis | 992 [0.0lor| 0.16 0.19 | 0.06 0.08 |0.01o0r
value less less

Table 2 shows the chemical components of nickel pipe used in the first

water-generating reactor, and Ni seamless pipe commercially available from -

Mitsubishi Material Company is used.

To prevent particle contamination in the generated water, it is preferable to
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20 + " gaseous form but liquefied hydrogen and |iquefied oxygen could

al so be suppli ed. Furthernore, in Fig. 1, hydrogen and
oxygen are prem xed at the m xing portion 4 and supplied to the
reactor 1, but it is also possible to supply hydrogen gas and
oxygen gas in St tRlpath ' ' or
DLaen 9as 1 NApRaNEEsiiiod i WRAE G pakt oft6E shffafs 3F IR RIGets MnbRRERL'
hydr ogen gas &Mrmmwﬂmﬁaceofﬂlecasﬁigriﬂelddﬁi_gdlbfoﬁdfﬂﬁﬁdbﬁéﬁv%nﬁ ing
supplied to the reactor 1 as is, but a preheating sectio Ei

I's
provi ded at amsystamsovhich maymwome inrcontact Withrgas.cIthias beerroshfirhredithat speculad-
gas may be preheated thereby. By providing the mxture gas preheating
section surfacefinishingghe suﬁ%/qesmmm@ ipeontactwith gas decrdasesdncidencesnaf i n
which there is noé a, ; ufficient tepperature or flowrate, it is
made pdssi bl e PAFICles wthe gep Vater to about 1/3 or desfier ati on of unreacted gas.

First Enbodi nent 10 The reactor 1 conprises a heat-resistant
corrosion-resistant Ni all oy (Hastelloy) casing la in which a

plurality of nickelpgphp&inlile M atbdVdHibhtRshed MMA contamination, it is effective to
make a whole or part of the casing including the backward and forward piping

systems from a heat-resistant metal or corrosion-resistant metal. For example, it

has been confirmed that with the casing made from staihles_s stéel, metal

10 contamination in the generated water has doubled after the casing has been used

for 100 hours, but with the casing made from Hastelloy, a nickel-based heat-

resistant metal alloy, the metal contamination level in the generated water has

hardly changed even after it has been used for 100 hours. Evenina teét using a

casing made from heat-resistant metal of iron-chromium-aluminum alloy, results

15 similar to those obtained with the Hastelloy casing were observed.

In addition, it has been confirmed that for reducing the metal
contamination, it is effective to apply an oxidation-resistant reduction-resistant or
corrosion-resistant protective film or a surface treatment with performance
equivalent to the protective film to the whole or part of the surface of the casing,

20 inchuding the backward and forward piping systems, which may come in contact
with the gas.

For example, it as been confirmed that with the casing made from stainless
steel which was not provided with inner surface treatment, metal contamination
in generated wéter doubled after it was used for 100 hours, but with the casing

25 made from stainless steel whose inner surface was coﬁered with chromium oxide

film, the metal contamination level in the generated water scarcely changed even -
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in Frg.” 2-(first. enbodinent). In Fig. 2 the mxture gas is allowed to flow

as a shuttle flowin the Hastelloy casing |la (which has a 34.6
merr] inside dianmeter), where 4 to 6 pieces of nickel pipe |Ib
(each having a 1/4 inch [err] inside dianmeter and 15 a 100 mm | ent h)
are housed, s [ uter surfaces of the nickel

pipe |b are u?#aﬁgéﬂﬁglsﬁga af?/ospgglf‘sgr activating the reactivity of hydrogen
and oxygen. A gas pressure at an inlet to the
reactor 1 is selected to be 1.1- 1.05 kg/cnferr], and a flow rate
Is set at ( eSe¢orx] Biifbodémentn. and H err] =1, 000 cc/mn., and 1,000 cc/ m n.
20 wat er i s gener at ed. The heater 3 is wound
around an outer vvaF?g.ﬁBHcamaa sécondeenbodimgnt ef the firsewater-generati a¢tor 1 and

the heater 3 is used to hold the mixture gas at the inlet end of the
reactor 1 to aersudingdothisdpeentip. dn thissecondsmbasdiment) an@ssambly BixoformefiC or

| ower . t he nlickel catal yst in_the

reactoP 1, i S%wb;c@rwuyaﬁtygﬁ\lﬁrﬁggf if’)altarcl{r ﬁxgc{ toend p a’;es Ic,and theI assembly 7 .
15 - . . t0.200- 500 C t ' t

portion t errpe}sa]?‘msgddﬂc}h\g ﬁ‘%tggﬁgn%e t‘Lﬁ H‘ther § 1s[v$1Earp1)ed agtrggld;%pérgaﬁgfgf? mto
condense out ﬁ%ﬁﬁg lniggrrlﬁ ?@J‘b%&neé‘%ﬁfﬁfg gf&%rifﬂe%ﬁe@ rgf H{'éere%@h' géiﬁ beld to about

end portion, as Is exanp | SCUSSe
200-500°C or at the outlet end to about 600°C or lower by temperature adjustment
of the heater 3.
10 Third Embodiment

Fig 4 shows a third embodiment of the reactor 1, in which upstream end
portions of the catalyst pipes making up the catalyst assembly 7 of the reactor 1

are stainless steel pipes 1b' and downstream end portions are nickel pipes 1b.

As in the case of the third embodimeﬁt, by allowing a reactivity of the

15 catalyst pipes at the upsiream end to be lower and at the downstream end to be
higher, an amount of the O, and H, reaction-generated heat is increased at the
downstream end, and an overheated state can be effectively prevented at the

upstream end.

In the reactors 1 of Fig. 3 and Fig. 4, the reaction gas (O, + H,) is designed

20 to be spouted from a gas supply pipe directly to a vestibule 1d of the casing 1a, but
-in order to make an inflow of the reaction gas into the catalyst pipes uniform, it is

desirable to place a gas spouting mechanism G as shown in Figs. 5 and 6 in the

vestibule 1d of the casing 1a, to cause gas spouted from nozzle holes of this gas

spouting mechanism G to collide with a casing inner wall surface thereby causing

25 the gas to form a gas flow with uniform kinetic energy.
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This*i S because, as is clear fromtest exanpl e 2, about 68% of 75 cc/ mn.

5 of H2 and err] mxture gas (when the reaction piping, fornmed of Ni
pi pe at 1/4 inch inside dianmeter and 2 mlong, -is held'to
450[ err] C) conpl etes reactions within 20 cm fromthe inlet end

and about 29% of 750 cc/mn. of m xture gas (when the reaction
pi ping fornmed of Ni piping, of 1/4 inch inside dianeter and 2 mlong, is

held to Fourth Erab88iheérdtC W thin 20 cmfromthe inlet end,
respectively. During this period, a large 10 anount of reaction heat

(2 H2 +Cerr] - 2 H2f #showsa fourth)embodiireahof tRteadtos 1\wikiere three types oft Ni S
heat, the nickel pipe |b (catalyst material) is overheated.

In the first esdsoablinsit of vanying relactivipicp axe assembled iarseries.ed as cat al yst
material, but a pipe Ib" to which H2 and Jerr] is fed in a first flow may
be nmade of a material with lowreactivity, and conversely, the

A5 0 e v e o 5 T e
(1, U Ogpy AR SRR S S5 SR e SUAC
RARERE Tt R T e R O

m xture gas at the upstreamend may 20 be prevented by having a
smal | er nunber of the fornmer pipes than the nunber of .the latter

pi pes. Needless to lsay,calliedter(illustrationcorhittesd) ie ivintdlledetot sachedfithe
generated in the reactor 1 is ' supplied directly to sem conduct or

manuf act ur i ngresgtoTmitsiSa, 8bj e trespectivelyni t t ed) " but if a
preheating portion (not illustrated) is installed at the gas inlet end of
the 25 reactor 1, the generated water taken fromthe outlet end of the

reactor 1 may be Fig. 8 shows a fifth embodiment of the reactor 1, where a number and

10 leﬂgth of catalyst pipes 1b are varied to lower a reactivity at 2 mixture gas inlet
end and to increase outlet end reactivity, with a distribution of reaction heat being
designed to be uniform in the longitudinal direction of the reactor 1.

In Fig. 8, the heater is omitted.

Sixth Embodiment

15 Fig. 9 shows a sixth embodiment of the reactor 1, where an H, and O,
mixture gas inlet end and water outlet end are designed to be placed at the same
end, with the inlet end being cooled by the generated water to prevent the inlet énd
from being heated to high temperature.

- Fig. 10 shows a seventh embodiment of the reactor.

20 In this embodiment, a plurality of branch pipes 9a, 9b, 9¢c are mounted on
a catalyst pipe 1b or a casing 1a. O, gas (for example, 500/cc/min.) and part of
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-16- 7 - reheated using heat fromthe preheating portion,
before it is supplied to the sem conduct or manufacturing
equi prent . : As the sai'd catalyst naterial, a Ni filter or

Ni ribbon may : | e di squssed
(second water - g@%?i??‘ﬁ%@@g%?? f:clgnrm])laag% g@@f,etd ﬁéﬁ% ﬁﬂ% %‘ﬁ?ﬁ?ﬁe clgga, ysS[ .
stai nl ess st eely; : OFQ?S : t 3 e
formed in a coFﬂ’rﬁq?iq e i\?m%tﬁé)g?gﬁual' germ%lgfigll‘ ?gt},lz (for eIQﬁpfésﬁrQ’g%/ggﬁ}) B
mat eri al of pomﬁﬂﬁgdoﬁ-oﬁi ehofUrandtepipes 94896, Pe, | am nate with | am nat ei ng
thin sheets, honeyconb body, nesh body, sponge body, or fin-shape body.
One, two or nore of these may be initially placed in the casing
la to forma passage(s) 10 t hrough which hydrogen and oxygen is

al l owed to flow whi By distmbuting thepasition of the H, gas supplied in fhisrwaygit dsintended

wat er - generating reactor). ) . Ip addition, a pipe, granule,
sintered mmat er faprevent an onetheatingcaugsed by reaction ﬁeatr%ﬂa%/ he patalyst
body, sponge bog%, 0{ fin-s e body whose surfaces are covered
with the catal §%€

@988 Frond wat er - generating reactor) may be 15
selected as the formof the catalyst. _

Eight Embodiment
Fig. 11 shows an eighth embodiment of the reactor 1, in which a catalyst

assembly 7 of the reactor 1 is formed to have a plurality of catalyst pipes 1b in
10~ parallel, while at the same time an inlet end of each catalyst pipe is positioned to
. be separated and dispersed from the inlet ends of the other catalyst pipes.

The mixture gaé is fed at a flow rate of, for example, 200 cc/min. for O, én_xd
400 cc/min. for H, from the inlet of the catalyst pipe 1b,, and 200 cc/min. for O,
and 100 cc/min. for H, from the inlet of each catalyst pipe 1b,, 1b; 1b,.

15 With this configuration, the generation of reaction heat is dispersed and

temperature control of the reactor 1 is facilitated.

Ninth Embodiment
Fig. 12 shows a ninth embodiment of the reactor 1, in which two (or more)
catalyst pipes 1b,, 1b, are installed in parallel and at the same time, the mixture
20 | gas is supplied into each catalyst pipelb,, 1b,, respectively, from opposite

directions.

In this embodiment, reaction heat at the inlet end is utilized for promoting
reaction of the mixture gas at the outlet end, thereby saving energy and at the same
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The first wat er - generating reactor | according to this invention can
successfully achieve a water generation responsiveness (about 40-50
seconds) required for practical use, given a certain | evel of

|1 tq b : fl t
Cndor whi cht ot RS G Sfthe pPheating of the cdlaly FRE WM BIGAADCT | 70 %o

shown in test exanple 4, discussed bel ow. Even if the
i nner surface of reaction piping is reduced with H2 or oxidized

with Jerr] (armeati Efntbodimper ature: 500[err]C), a water generation

responsi veness 1S conpletely free of any influence, and changes
of wat er gener ati onRigd&tshowmtsya tehthtembodiment of the regotdr 1gin pihjch ahestmediony .
-17- Furthernore, with respect to safety of the

reactor 1, as ghosuch as Nedir, CO,, etc. is allowrd o flowshetweer thexadingelacwd & pickely

f the H2 t I Xt ur ti f.3:1, 2:1, d.4: 3,
Gas i onidt i on ¢ Bk ARSI TERUiRD bl jlbind tcinprslet gad anghenstion Best c
-at 610 C 5 . oqe In thi ' ti ' t
o 18 St B A 27 . ¢

maxi mum or lower, there is no fear of gas ignition, that is, gas

A heater 3 may be wound around the outside of the nickel tube 1b (catalyst |
pipe 1b). |

Fig. 14 shows a system diagram of experimental equipment used for

10 obtaining basic data required for creation of this invention.

In Fig. 14, MFC1-4 designate mass flow controllers, RP a vacuum pump,
and T atank. As a reactor 1, a nickel pipe (inner surface area 273 cm?) 1/4 inch

inside diameter and 2 m long is used. -

Test Example 1
15 The relationship between the H,, and O,, mixture ratio and reaction

temperature was tested using the experimental equipment of Fig. 14.

As is clear from Figs. 15 through 18, an H, rich mixture gas is likely to

lower reaction temperature and generate water easily.
In addition, as is clear from Fig. 19, in the case of the reactor of this test

20 equipment, when the mixture-gas-flow rate became 75 cc/min. or more at 500°C,

unreacted O,, increases.
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explosion. In particular, controlling the tenperature at the gas inlet end
portion of the reactor 1 to be in the vicinity of about
200-500[err]C, with the reaction heat of the m xture gas taken
into account, tenperature of each portion of the reactor 1 10 can be
surely held to 600Thecptyed showstLQurmres B Bsiand asyve Gds, irespectivelye
conpletely prevent ed. ' At the gas m xing
portion 4 of the Jerr] gas and the H2 gas, a regular in-pipe

gas m xi ng syst i s _adopted, and no special gas m xing nmechanismat all is
used. Test Bxample’ Needl ess to say, a gas ni xi ng mechani sm desi gned

USing & m o g box YRRk The pickpl P RE 8T el idieff 4l b2 T4 R,
both, may be ii??rﬂxe@%u?fa@é%r&g%{‘?seﬁé‘q,tnés@ggﬁ%g the mixture gas of 2H, + 8, 4295

preheating portion may be 1nsta ownstre

m xi ng5por t i ogc/thin. from the inlet end and ther hdetedtiig thea@thaiihg 0 i thBGube)'thk On 5
is installed near the outlet end of the 20 reactor 1, and ‘i s provided

wi t h the heat seacfien rate was investigated. That is, oxygen gas Jerr] is mxed
with water spouted fromthe reactor 1, and the m xture gas of
H20 and Jerr] is heated to higher than about 120[err]C by the heater 5a teo

revent dew condensati on_of H20,on pi wal | s, .and thep s ied to.the
E) 18 - - saresult,fit was detem%nggthat at a point SO cmﬂjom%ﬁepljn!let end, about

68% 0,, and H,, had completed the reaction.

Similarly, it has been determined that when the mixture gas is supplied into
10 a nickel tube 20 m long (1/4 inch inside diameter) at a flow rate of 2H, + O, = 750
cc/min., about 29% of O, and H, reactions have been completed at the point 20 cm

from the inlet end.

The results of the tests indicate that in the reactor 1, most of the reaction of
H,, with O, is completed at the vicinity of the inlet end of the nickel pipe, and
15 consequently, the reaction heat is generated in a large quantity at the vicinity of the

inlet end.

Test Example 3
Using an All Metal Filter and nickel ribbon (0.3 thick x 20 wide x1000 mm -

long) comprising nickel fiber sintered material, a water generating test was carried

20 out (second water-generating reactor).

Figs. 20 and 21 show test results obtained when the nickel filter was used,
while Figs. 22 and 23 show test results obtained when nickel ribbon was used.
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seni eonduet or nanufacturing equi pment 6. ' - ‘I'n the reactor
1 of .-Fig. -1, Jerr] is mxed wwth water, but as a diluting gas, in
addition to Jerr], H2 and inert gas for adjusting oxidation-reduction _
power, or N20, etc. for irrprovi ng interface characteristics of Si
and Si Jerr] are sonetines used. In the reactor 1 of

v ogen” and: onpoerASH ﬁééﬁ%o%ﬂon%are 85822, 108 pebdhte todsirate waterdn an ©
m xture gas (dadlaiﬂt%guﬁaem% R WO UER érfl;géty&ﬁﬁne&‘iﬂﬁ{éca%%f eg Pﬁ?%e

t he reactivity 1s rmproved, as an advanta

reactor 1 can th€nijcke] tube was@swdsi zed a correspondi ng anount.

Tabl e 1 shows analysis results in which inpurities in water generated from
the first water-generating reactor 1 according to this invention was

anal yzed by a fl anel ess atom c absorption anal ysi.s.

That is, the gener fanbeqaenily, itis possibledbane aynickd] aitibop drtnitke] diltetdn phaden

t he PFA tube, and three conponents of G, Fe, and N were -
anal yz&d by t Ief ainigkel|tabe as the catalyst materiak absor ption anal ysis. As a
result, nmetals of all three conponents becane | ow val ues on the
or der of ng/ mL or | ess.

Test Example 4
The water generating responsiveness was tested with the nickel tube held

to 500°C and the mixture-gas-flow rate at 25 cc/min. (Fig. 24). As is clear from

Fig. 24, when the mixture gas was supplied again after stopping the supply of the
10 mixture gas, the water generating rate becomes constant in about 40-60 seconds,

indicating excellent responsiveness.

And after the inside of the nickel tube was annealed (500°C) in an H,
environment (Fig. 25), and after it was annealed (500°C) in an O, environment
(Fig. 26), a specified water generating amount was able to be obtained in 60 - 80

15 seconds.

Test Example 5
The relationship between the H, and O, mixture ratio and gas ignition

temperature was confirmed by tests.

Fig. 27 shows a simplified version of ignition temperature detection test
20 “equipment. Using this equipment, the mixture ration of O, and H, supplied to the

nickel tube was varied and the ignition temperature was investigated.

As is clear from Figs. 28 through Fig. 33, it has been determined that when
the H, and O, mixture ratio is 3:1, 2:1 or 4:3, ignition does not take place at§10°C
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TABLE 1

Andl §si g of inpurities in generated water
(flamel ess atom c absorption anal ysis)

(Unit: ng/m

Mean val ue

10

15

20

liter) 5 El ement n=1 n=2

but ignition does take place at 620°C.

Consequently, with safety taken into account from a viewpoint of
preventing explosions, it is desirable that the mixture temperature of the reactor
1 be set to nearly 600°C.

Because in the first and second water-generating reactors according to this
invention, oxygen and hydrogen are only to be supplied directly to the inside of
a reactor, high-purity water or a mixture gas of high-purity water and oxygen can
be taken out, and at the same time, because the reactivity is higher than for
conventional cases in which a diluting gas is supplied, still more downsizing of the
reactor is possible, and this is in no way inferior, in terms of safety, to a known

process of taking out an argon mixture gas.

Since the pipe, sintered material, thin sheet laminate, honeycomb body,

‘mesh body, sponge body or fin-shape body are utilized as catalyst material, and

. the catalytic actions of the inner and outer surfaces are best used, the size of the

equipment can be greatly reduced and, at the same time, the amount of water it is
possible to generate is increased as compared to known similar types of the water-

generating equipment,.

In addition, with the temperature control method of this invention, the
reactivity (degree of catalytic action) at the inlet and outlet ends of the reactor, or
the distribution of reaction amount in the longitudinal direction of the reactor, are

varied to prevent generation of a large volume of reaction heat in the vicinity of

the inlet end of the reactor, and an excessive temperature in the vicinity of the inlet
end is thereby prevented. With this construction, localized temperature rise of the

reactor can be prevented and safety can be markedly improved.
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o oa - 0.055 0. 051 0.053

Fe 1.5 1.6 1.6 N
039 e th I074 0.72 Note) n =1 and n =2

i ndicate the resu S

TABLE 2 Rt ermor %&%@E&nﬁ%ﬁﬁ%ﬁgﬁ@a rarﬁ)g rt\lu&?nv& \APO% where

ghg 0 Cu_ thd gas tempexJXlee in the chmty of the inlet end%f the reactor is held {l\l/)a %OO-

- 0.25 thie 8 vidhity ofthe '

99.2 0 01 or 5@03@1:%1dth9g§§temp&a mth loéyo 0. éollﬂgﬁeri%toab&ﬂﬁo\?:ﬁ%r |
| ess lower, there is no fear of causin; %(explosmn,lam;whlle a required amount of high e 2
shows the chemi cal components of nickel pipe used in the first

wat er - gener at ipngity wentércsan bengenidrated avithekighpesponsivemesssi al | y avail abl e from
Mt subi shi Material Conpany is used. To prevent particle
contam nation in the generated water, it is preferable to

Third and Fourth Water-generating reactors
Fig. 34 through Fig. 45 show other embodiments of the third and the fourth

water-generating reactors.

As a metal catalyst material that can activate the hydrogen or oxygen
10 reactivity, platinum, nickel, stainless steel, etc. exist, and of all these, platinum

provides excellent catalyst.

However, platinum is expensive and has a problem from the viewpoint of
economy. In particular, when the reactor pipe in the reactor shown in Fig. 2 or
Fig. 3 is made of platinum, there is the problem that the manufacturing cost of the

15 reactor soars.

| Consequently in the reactor of Figs. 2 or 3, the reactor pipe is made of
nickel or stainless sfeel, or a method of using a platinum-plated nickel or stainless
steel pipe as the reactor pipe is adopted, but when the nickel pipe and stainless
steel pipe are used as the reactor pipe, the water generation amount per unit
20 surface area of the reactor pipe is small, and there is a problem in that the size of
' the reactor must be significantly increased in order to produce water of about 1 L/

min. or more.

For example, it has been demonstrated that when reactor piping comprising

a parallel combination of 1/4" x 280 mm x 19 pieces of nickel piping (nickel
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- 20- specul ar-surface finish a whole or part of the
surface of the catalysts material in the reactor or the surface
of the casing including the forward and backward pi pi ng syst ens
whi ch nmay conme in contact with gas. It has been confirmed that specul ar-

surface finishi @&ﬂc@"aréd" %Eéﬁ@ﬁﬂ@%mﬂeabfbrgg[gé Ankr Yolubhe? %Boﬂte_’r‘qj £ 5% pieces

I nci dences of particles if the erated water t
less. . of 1/4" strai t & aBbRVESH Itk é&iﬁeéﬂéﬁ‘iﬁséﬁéﬁ) '(Plle@trﬂig‘m‘blpe about
contam nation, it is ef ive to a whol'e or part of

casi ng i ncl udi nmmﬂenghw(uw&toaﬂlbvfrdﬂ%oﬂmpl manZ and 56 cc/mm.SdﬁO%ftB ﬂcswrata
heat -resi stant netal or corrosion-resistant netal. For exarrpl e,

has been confi rSﬂQfQ,Muppelrﬂunit@fdhsm@lﬁmeﬂ genpration mateds aibbute[lOOchimin 10
contam nation in the generated water has doubled after the casing has been

used 5 (M8%.)100 hours, but with the casi ng made from Hastel l oy, a
ni ckel - based heat - resistant netal alloy, the netal '
contam nation | evel in the generated water has hardly changed

Cacing made 1 rom hoaloPEYFa kP %@%&&%ﬁ?@?ﬁ%ﬁ@@&@%ﬁﬂﬂ#@m
obeorved, | eerbtdHraideicipliig d by R, M dofof JeRREd, dah AR oy G-

reduci ng the ne§iad reactor is requlfeﬁrtb%ehﬁ'étth@f‘equed'vﬁa&f b6kdratién kteappl y an
oxi dation-resi stant reduction-resistant or corrosi on-resi st ant

protective filmor a surface treatnent with performnce

‘When nickel pipe is used as the reaction pipe, a problem of oxide corrosion

10 on the reaction pipe-outer surface arises.

For example, when 50 cc/min. of H, and 27.5 cc/min. of O, are supplied to
1/4" x 200 mm nickel reactor pipe and water is generated for 5 hours at 500°C, it
has been confirmed by SEM analysis that about 90% reactivity of water generatibn
reaction can be obtained, but oxide scale about 0.5um thick is formed on the outer
15 surface of the nickel reactor pipe.

' On the other hand, when the temperature of the nickel reactor pipe. is
lowered to 350°C, formation of oxide scale on the reactor tube outer surface is
reduced to a nearly negligible level, but reactivity of the water generation reaction
conversely lowers from about 90% to 50-60%, and as a result, the water

20 generation amount markedly decreases.

In this way, when nickel pipe is used as the reactor pipe, the upper limit of
the reaction temperature is restricted to about 350°C from a viewpoint of oxide
scale generation, and, as a result, the reactor size must still be increased due to the

decrease in water generation amount.
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equi val’ent- to the protective filmto the whole or part of the surface of

t he casing, 20 I ncl udi ng the backward and forward pipi ng systens,
whi ch may come in contact with the gas. For
exanple, it as bee ' ﬁl?’ﬁé 3x3dd gf(ﬂ'ﬁnsf 3 4Gl
steel which was noﬁtgxgg%%& qt#r?{érgv‘%sﬂ]urface %m%a nent 61:Pﬁie%?kélr€§<§tor
cont am nati on n; tHe WP BEmdrfon Bl inefedSdsoa tife NS, FISHevé]
100 hours, butpl%es%rf?%eé cas?%SEZS made from stainl ess steel whosé

i nner surface whén eRitRy fleNst geneRitédron thexéadtor pipe surface, cohtiminbtionof ahe
contam nation level in the generated water scarcely changed even

-21 - generated wateraésults, and cansequentlyf the rédetionctemperature of the reactor
Second Enbodi nent Fig. 3 shows a second enbodi ment of the
first vater- gqipe musterhskttorabont 350°C01' lower{Max-andescoibefibeforgyent i on. In
this second enbodi nent, an assenbly 7 is fornmed 5 in which a

plurality of N pipes Ib areflxedto end plates lc, and the assenbly 7
is housed in the hoysi n A heater .3 ed aroun er i of
the 5 oAB 5o bob s el it incrEsbe Y B BBt
reactor 1 is ] a h e to
about 600[ err]r‘(%h&n 8%@ %OW? raeuWé&g(ﬁ% gg{a‘ﬁhg Ea@for it 15 gssg#ﬁélhéo ggt er

3. platinum whose catalytlc activity at low temperature is significantly higher than

that of nickel, etc. as a catalyst in the form of a coating or plating layer.

10 Therefore, to investigate platinum catalytic activity in more detail, reactor
pipes as shown in Figs. 34 and 35 were fabricated and water generating tests were

carried out.

That is, in Figs. 34 and 35, reference character E designates a Hastelloy

pipe (1/4", 200 mm in total length), H designates a heater, T designates

15 thermometers, Pt a platinum foil catalyst (thickness: 0.05 mm; width: 5 mm;
length: 100 mm), and platinum surface area 10 cm?.

From the gas inlet end of the reactor pipe, H,, O, and N, gases are allowed
to flow at ratios shown in Table 3, and a reactivity at the reactor pipe outlet, as
well as temperatures of the gas at the upstream end, T,, and the downstream end,

20 T,, were measured, respectively.
In Table 3, numeral *1 designates the value just after the gas is passed and

*2 designates the value obtained when temperature has risen by self heat

generation after the gas is passed and reaction is stabilized.
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e

10 Third Enbodi nent Fig 4 shows a third embodi ment
of. the.reactor 1, in which upstream end portions of the catalyst
pi pes maki ng up the catal yst assenbly 7 of the reactor 1 are

stainl ess steel pipes |Ib' and downstream end portions are nickel pipes |b.
As in the case of the‘third enbodinent, by allowing a reactivity of the 15
catal yst pipes at the upstreamend to be ABEE 3nd at the downstreamend to
be hi ghete—an—anpunt—of—t-he—Cheir+il—and-H-aiil—reaction.-gensratgd
heat i s increaspMaiatialt h¢ Gas flow rate (soonjown g tHeeterm erj(femparglura (ICHOV er heal Rehctiitatie
can be effectivkly prev UdsStTEanT gIg: o

In the reactors}1 of Fi Ny 1t he readtUrstragas| Reogerp+| H e(rﬁ’?])
i s designed 20 to roma gas sufdrhy pipgairectly{to a
vesti bul e 1d of fF-he—castimo o bot rrorder—tomake—amr—{nftow
the reaction gaE i nto tilme atpl %st]| pi%Bed JAOFBrry iBlis 25 ded#r alf
to place a gas outingjnechani smG as ghqypyehn {Fi 5 Jand In t{h :
vesti bul§ 1d ofr he casing laj to fcause {gas mefp?{ﬁgfnm nozzle hol 2%4'701‘
this gas spouti ng nechanj sm Gt o @l | ijde 180t h Ja casé ng | nnes3 wdl |
surface thereby| aausi ng|25 t he gas fro—formmegas T owwtiroywrorm

ki netic energy. ON 193 150 22997

99.98%
2 :
(10 ca?) ON 06 200 99.7

—h

e

25 25 100 *2 OFF 167 69 92.8

10 ON 203 200 99.7

(t0.05 50 50 200 *2 OFF 283 128 98.3

xwsxl | ON 298 200 99.9
100mm)

50 50 200 *2 OFF 282 124 97.3
ON 297 200 99.5

15 The results of each of the above tests indicates that 1) platinum provides
remarkable high catalyﬁc activity as compared to nickel, 2) when gas is allowed
to flow, even at room temperature, slight reaction occurs, and reactivity exceeding
90% can be obtained because of the temperature rise from the reaction heat, even
without external heating, 3) when gas is allowed to flow without being diluted

20 with N, gas, etc., the gas may be ignited even at room temberature, 4) most
reaction takes place at a tip end portion of the Pt foil (gas inlet end) and the
temperature reaches a considerably high level, 5) the tip end surface of the Pt foil
changes by heating (SEM observation results), etc.

Then, in order to investigate the catalytic activity of the platinum coating
25 layer, the inventors of this application carried out water generation tests by
forming 300 - 400A platinum coating film on both outer surfaces of a Ni thin sheet

(0.1 mm thick x 5 mm wide x 50 mm long, surface area: about 10cm?), using ion
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Fourth Enbodi nent - Fig. 7 shows a fourth enbodi ment of the
reactor *1, where three types of assenblies 7 of varying
reactivities are assenbled in series. That is, by using
awunit 8a with lowreactivity for an inlet end, and a unit 8c 5 of
high reactivity for .an outlet end,, a distriputigon of reaction, heat,Z i s pade
uni f orm sputtcring gquipmsnt-u M8 ishavpdr Figs 361and, 34 @ 18actorifysed which is

0ot 26, Pt ekl AR s . sV AR 5 BBl °
t it 3 j . . i h

firth enbodi mengefoeda odsBRBD o F4r Hastelloy pipe aboyt 300 mum Todk, heiefiySo *

catal yst pipes dhnff ggﬂ%rdnﬁgd&/ﬁaﬁif.‘%ﬂg an8300' ctVrhih %TI\IEi%%f‘fd&%f he ifHigd

end and to increase et end reactivi‘ty, with a distribution o? reaction
heat beiqg ofthereao@@%ipé‘iﬁbnﬁ@né%ndﬂi formin the longitudinal direction

of the reactor 1. In Fig. 8 the heater is omtted."

Si xt h Enbodi nent 15 - Fig. 9 shows a sixth enbodi mrent of the
reactor 1, where an H2 and (err] . mxture gas inlet end and

wat er outlet end ar élahde tphowstthe resulis of dhis 4estt he sane end, with

the inlet end being cooled by the generated water to prevent the inlet end
from being heated to high tenperature.

In Table 4, numeral *1 is the value right after the gas was passed, numeral
*2 the value obtained when the temperature has risen by self heat generation right
after the gas was passed and reaction was stabilized, numeral *3 the value right
10 after deterioration appeared in the platinum coating layer in the continuously gas
feeding test, and numeral *4 the value tens of minutes after the deterioration
appeared.
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Fig. 30 shows a seventh enbodi ment of the reactor.
enbodi nent ,
a catalyst pipe Ib or a casing la. (Qerr] gas (for exanple,

and part

H2 gas (for exanple,

cat al yst
exanpl e,
9b, 9c.

supplied

caused by readqti on heat
(or casing |a)

shows an
assenbly
b in 10
cat al yst

t he inlgt ends ofPtt he

10

15

20

25

20 In this
a plurality of branch pipes 9a, 9b, 9c are nounted on
500/ cc/mn.)
of -23 -
250 cc/mn.) are supplied froman inlet end of the

pipe Ib (or casing hygr@ad a remai nder of H2 (for

250 cc/mn.) is supplied fromeach of branch pi pes 9a,
. i [.byt i e .tion ofthe H2[ gas
in trilgat\?ﬂ@l, | G dl o%riagen@é@hﬂg Healed g%ﬁf’p g ﬂ?a(h overh By
the Anl ¢t ,gnd Jof the %5t Downstre i,pel | b
. #, Ei ght Enlgbdi ment Uptd = g. @4’2
ei ghtlh enbodi frent of the Jeactor] 1, in]whch a |®Bfal yst
7 of [The reacgor__T |S Jor 0 [Nav praral iy oi_cataly p1pes
paral | ¢l ,25Wn | @3at tﬂgB g £ (&;ﬁw aﬁz nl gt erf® of 3a§%-7 i
pipelis positijoned fo b epar d gnd per ped,fr om
bt her Ltat al ys@t pi p§ S.SNS W 137¢ %6 99‘5
coated on ON 150 150 99.7
Ni thin ON 200 200 100
sheet s | 25 | 100 [*=20Fr| 138 65 99.2
(10 cm?)
ON 152 100 99.2
ON 165 150 99.5
Thickness oN | 200 200 100
(300 - 400A) .
50 50 200 | *1 OFF 29 30 5.5
t 0.1 *2 OFF 208 130 98.0
xwS5 N
«1.50 mm 3 OFF 190 174 98.0
x2) *4 OFF 35 38 0

" The results of the test confirmed that 1) even with a Ni thin sheet having a
platinum coating, high cafalytic activity of a level similar to that of platinum foil
can be obtained, 2) even under O,-rich condition, nearly 100% reactivity can be
achieved, 3) when no diluting gas is present, even at room temperature, the mixture
gas (H, + O,) is ignited, 4) due to rapid temperature rise, the Ni thin sheet having

“the Pt coating suddenly loses the catalytic activity, etc. '

By analyzing the surface of the Pt coating film on the Ni thin sheet after
catalytic activity is lost, causes of the sudden loss of catalytic activity of the N1
thin sheet with the Pt coating have been confirmed to be due to a temperature rise
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The m.xture gas is fed at a flowrate of, for exanple, 200 cc/min. for

Qerr] and 400 cc/mn. for H2 fromthe inlet of the catalyst
pi pe Ib[err], and 200 cc/mn. for Jerr] and 100 cc/mn. for H2
fromthe inlet of each catalyst pipe Ib[err], b3 Ib4. 15

Wth this configuration, the generation of reaction heat is dispersed and

t enper at ure comiftiee Nmﬂunisheet@ausedrb)ﬂreastldmhadtlcamw substrate metal (Ni) i¢ diffuse
Enbodi ment Fig. 12 shows a ninth enbodi nent of the

reactor 1, in mtpdheﬂgozg@gﬁhn@dthlsm oxidizeddnthe Peecoatingflm by ¢he pxidizing
are installed in paraIIeI anda sanme tinme, the m xture 20 gas is
supplied into EBY¥HOREEHL. AS ﬁb‘i‘bB’F’@Frﬂ}eP um,coghBg i sgforqumﬂmgface

di d h
i et end i s upfﬁez%‘a%rshﬁ%%%%‘aﬁeda S Bt R osHb iy st
at the gut|et %ﬂw&qﬁ{f@l&&ﬁf’é B Srobidh of EI:nltngeas 8t°55?151ﬂ}l§t oi pe at

- 24- preventing over
t he |nIet end.

irst Embodiment of Third and Fourth Reactors
Refefring again to the drawings, a first embodiment of the third and fourth

water-generating reactors according to this invention will be described.

Fig. 38 and Fig. 39 show the first embodiment of the third and the fourth
10 water-generating reactors, and correspond to a 11th embodiment reactor, overall.
- In Figs. 38 and 39, numeral 10 designates a reactor, numeral 11a a reactor body,
numerals 12, 13 reactor-body members (flanges), numeral 14 platinum coating
film, numeral 15 an inlet for raw material gas, numeral 16 a water and moisture gas
outlet, numeral 17 a gasket, numeral 18 a clamp, numeral 19 a heater, and numeral

15 20 thermocouples. |

The reactor 10 comprises two reactor body members (flanges) 12, 13
installed opposite to each other via the gasket 17 and air-tightly tightened and fixed
by the clamp 18 with # specified space maintained between them. The reactor
body members (flanges) 12, 13 are made of stainless steel (SUS304), heat-resistant

20 metal material. The reactor body may be made of nonmetal material, such as
quartz, ceramics, etc., as long as the members thereof are of heat-resistant

" materials.

The platinum coating film 14 is formed in a uniform thickness on an inner
surface of one reactor body member (flange) 13 using an ion sputtering process,

25 and the film thickness is selected to be 100 - 500A.
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Tent h. Enbodi nent Fig. 13 shows a tenth enbodi nent of the

reaCtor 1, in which a heat medium gas such as N2, Ar, CJerr],
etc. is allowed to flow between the casing la and a nickel 5 tube |Ib
to transfer reaction heat at an inlet end to an outlet end, and reaction
heat : thus transferred is utilized to pronote reactions at the
outl et end. A heater 3 nay be wound around the outside

Fio. 14 shows a sysiBARRER: K imtetds pne et e witiprres outleg 167 ppovided

b . . b L : H 1 ol i B
PoL2 109,555y A el S 08| S i ontng 1

and T a tank. psfopndedactor 1, a nickel pipe (inner surface area 273
cnerr]) 1/4 inch i nside dianmeter and 2 mlong is used.

Test Exanple | 15 The rel ati onship between the H2, and
Jerr], mxture ratio and reaction tenperature was tested using

t he experinental eqéinpaleminurh gasket id A1sed as the gasket 17, and a flaftypesledtriahehteom
Figs. 15 through 18, an H2 rich mxture gas is likely to | ower
reacti off tenpetstsedasthahgatesdie water easily. I'n
addition, as is clear fromFig. 19, in the case of the reactor of this test
20 equi pment, when the m xture-gas-flow rate becane 75 cc/min. or nore

at 500[err] G, In this first embodiment, the platinum coating film 14 is formed only on the
' | inner surface of one of the reactor main members 13 and the inlet 15 and water-
and-moisture-gas outlet 16 are provided in the other reactor main member 12 with -
no film 14 formed thereon; but the platinum coating film 14 may be formed on the
10 . inner surface of both reactor main members 12, 13 and the inlet 15 and water and
moisture gas outlet 16 may be provided on both flanges.

In the first embodiment, the reactor 10 is formed by combining two pieces
of reactor body member (flanges) 12, 13, but the reactor 10 may be formed in a
shape of cylinder or rectangular tube on an inner surface of which the platinum
15 coating film 14 may be provided. |

In addition, in this first embodiment, the platinum coating film 14 is formed-

: by'the ion sputtering process, but the film may be formed by a plating process,
vapor-deposition process, ion plating process, cladding process, or hot press

process, or any suitable combination of these, and the metal material of the reactor

20 | proper which carries the film 14 may be a steel material other than stainless steel,

such as an alloy steel of nickel, molybdenum, etc.

Furthermore, in this first embodiment, the platinum coating film 14 is
designed to be formed directly on the surface of the metal material forming the
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unreacted (Jerr], increases. :
-25 - The curve A shows Herr]O - curve B H2, and

curve CJerr], respectively. Test Exanple 2

Eﬁ{ (Qslr]dI " ther&mc’é}}%r sur ce a@@o%%ﬁﬁ sup{)ﬂp;%ﬂ%l%‘)?%em |

m xture gas of nddieridl fkh@ b lforme®in &ivance on thE biFied suff&&!‘bf the rhéth?ﬁla?éﬁhl and

t hen detecting the renal ni ng gerr] in the tube, th reacti on
rate was inVeStﬂl@g umcoatmgﬁlmmaybeformeﬁ':‘orﬁthli@baﬁ'ibrﬁﬂm was det erm ned
that at a point 20 cmfromthe inlet end, about . 68% Jerr], and
H2, had conpleted the reaction. Simlarly, it has been
determined that when the mixture gas is supplied into 10 a nickel tube

20 mlong (1/4 inch Bmmtaﬁnqdlam ms;alkngathe awiar film of tir-pon-nwytak mpaterialsi

cc/ mn.,_ about 29% of eact i on ha e, been %a(ir}pl eted at the

poi nt o8 cm  becomes p $1g '{°n q-,cmv gpﬁyent e substrate metal forming the reactor
body from diffusing into the platinum coating film at high temperatures and, as a
result, it becomes possible to effectively prevent deterioration of the catalytic
activity of the coating film caused by oxidizing the diffused metal in the platinum
coating film.

10 Examples of the non-metallic material forming the barrier film include TiN,
TiC, TiCN, TiAIN, A1,0,, etc., which have been confirmed by tests to be desirable
from a viewpoint of preventing deterioration of catalytic activities of the platinum
coating film.

The thickness of the barrier film is satisfactory if it is in an order 0of 0.5 - 2.0
15 pm, and any barrier film forming method is acceptable, but an ion plating process

or vapor deposition process is suitable.

For example, it has been confirmed by changes-of-water-reactivity-with-
passage-of-time test results that when stainless steel (SUS304) is used as the metal
material on which a TiN barrier film of 1.5 pm average thickness is formed by an

20 ion plating process, and then, on this barrier film, a platinum plating film about 0.5
pm thick is formed by a vapor deposition process, changes of water reactivity with
| passage of time are markedly reduced as compared to a case without the barrier

film.
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The results of t he tests |nd| cate that in the reactor 1, nobst of the

reaction of H2, with Jerr] is conpleted at the vicinity of the
inl et end of the nickel pipe, and 15 consequently, the reaction heat
is generated in a large quantity at the vicinity of the i nl et

end. %W_gﬁ%%lg_@nple 3 ) Using an Al Metal
Filter and nic 0.3 thick x 20 wide x 1000 mMm | onQ)

conpri sing nickel fRgefestihg] £icatoravith rédotorrbddy flenttie (Rdnged) 12513 WAth an
carried 20 out (second wat er - gener ati ng reactor)

Figs. 20 and 28ffedtiwe fngidle dlmatetefdotmmmon-mspadwdlstankebetfwéehédoth@ﬂgeed,
while Figs. 22 and 23 show test results obtai ned when nickel ribbon was
used. ' 12, 13, 38.5 cm? Pt coating film area, about 250A film thickne®8, and about 16.8
As is clear from F|g 20 and Fig. 22, it is possible to generate water in
an 5 cm?tmmr ehma/mmnsmctadc and;He and £h, weresupplie ﬁmﬂlcrgasuelet
case of Fig. 15 I,n ' kel tube S us

15 into the ms1de of the reactor 1% at the flow rate shown m Table 1, and the

temperature and reactivity of each portion were measured.

In this test example 6, the film thickness was designed to be about 250A but

it has been confirmed by test results that if the film thickness were 10A or more,

10 a specified reactivity (about 98% or more) can be obtained. In the case of a
cladding process or hot press process, a comparatively thick film can be formed,

but from the viewpoint of economy, an upj)er limit of the film thickness is selected

to be around 0.5 mm.

-38 -



Consequent-l y,
pl ace 5

it

of a nickel

Test* Exanple 4

tested with the ni'ckel

tube hel d

m xture-gas-flow rate at 25 cc/ mn.

I's possible to use a nickel
tube as the catalyst material.

The water generating responsiveness was
S00[err]C and the
As is clear from

(Fi gTA%#g

ri bbon or

ni ckel

filter.-in

Fig. 24, when|The_m Xtur.e gas S qupptTed_agar m_af ter—stppprng—tihe—stpnl vy
of the 10 T R Re-uf e s, fthe tler gen (tQt e becpnedimeoBeagtivity i|n
about 40-60 seconds, cc/min, | NqTCaL IO EXCET TGt T ESPPNSIAENESS (%)
And after the|inside|of the nP@mhl t ube wag amhealled QBOO err] ) i n an
H err] enyrTonne FrO. 155 ad—after Tt wasTarmme
(500[err]C) ip ad O err 0enV| r Qmert 120 112 (Hi gl1246) a305pe,i99.§ﬂ
wat er gener at [ ng anopnt S |ab tc b btalned 1 Q.- 8P 15 SETOoTNdS.
Test Exanple p_ 2 258 5?0 i%ﬁ? i p e;}l\%en t 10 H br $9-78nc
Qerr] m xturg ratiolan ay i 'tlon at pr C T red
by t est S. 3 &Og %ﬂm 12%0\6&) a20.<}| {Tpgé ﬁg §§1%b
i gnition tenppraure| deggctijonspest UIFﬁE U th S
equi prent , thL—anLuLe —ati-dn—of fTﬂrr%o i_dEgLrl QE%nll L %8.03
ni ckel tube whs $aripd 480d t he43(gn| ti Qm t eppexoat urje 3,55 | nvqggl oit 6gi55
As is clear fpomHogp—26—tHough—tg—331++—hastbeer—deter-n \hen
the Herr] angd Gberr| nb&turje Sti ¢ i $28: 1| 2:1M30r 4: 3124 gn| t i3 dpess.24
not t akepl ace [t oiu[:ll;b
7 0 50 200 - - 30 98.67
10 8 50 50 250 - - 30 99.32
9 50 50 120 - - 30 94.92
10 480 480 120 201 354 120 99.27
11 50 50 120 113 124 30 93.91
12 480 480 120 200 353 - 120 99.15
15 13 50 50 120 113 124 30 94.15
14 - 480 480 120 202 354 600 99.30
15 50 50 120 - - 30 94.10
. Table 5 shows test conditions of test example 6 using a reactor according
to the above-mentioned first embodiment and the test results thereof.
20 Fig. 40 shows temperature change of each temperature measuring portion
in Test No. 1, Test No. 2, and Test No. 3 of Table 5.
That is, reference characters a, b, ¢ show temperature changes of three
thermocouples 20a, 20b, 20c mounted on the reactor body member (flange) 12
(without platinum coating film), and the results of No. 1 test are shown with a;, b,,
25 c,, the results of No. 2 test are shown with a,, b,, ¢,, and the results of No. 3 test are
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-27 - but ignition does take place at 620[err]C
Consequently, with safety taken into account froma vi ewpoi nt of
preventing explosions, it is desirable that the m xture tenperature of the
react or 1.be t tq nearlw 600[err]C 5 Because
in the first aREVELYY ﬁaﬁ’?&’-rawgﬁXWhg reactors according to this

I nvention, oxygen and hydrogen are only to be supplied directly to the

I nsi de of a reactor, high-purity water or a m xture gas of
high-purity water apge G¥R3efces @Raracters d, e, fhshowrkemperiture® tHaridest BE

ti me, because the reactivity is higher than for convent i ona
cases in whi clthermbédiipléxmdantddsors thetehetdr body heribér(flWBY I 3 i(RthablatiRem10 -
reactor is possible, and this is in no way inferior, In terns of safety, to
a known coatingfilnr)e and o, ¢,aK| stpw the resulis gbNonil test; 4,, gaf;, the results of
Since the pipe, sintered material, thin sheet |am nate, honeyconb body,
nmesh bodly, spdNee testiyandrds £33 5 thgreesnlisiof Bloe 3 raspectinelns cat al yst materi al ,
and the catalytic actions of the inner and outer surfaces are
best used, the size of the 15 equi pnent can be greatly reduced and, at

the sane tinme, the at of ter it is ossi ble Lo generate is
I ncreased as conpar@%u%cfﬁ#%@%ﬁc ap%&sfwﬁwﬁ%%tg{q of%he (ﬂ)wnstream-
end piping of the reactor 10 and reference character h shows the gas temperature

at the H, and O, mixing portion, and test results indicate that these two
temperatures g, h scarcely change in any of No. 1 test, No. 2 test, and No. 3 test.

10 As is clear from Fig. 40, in No. 1 test (H,: 50 cc/min.; O,: 50 ec/min., reactor
- temperature adjusted at 120°C) of Table 5, temperature d, of the gas inlet end

portion of the reactor body member (flange) 12 provided with the Pt coating film

4 rose by about 10°C due to the reaction heat generated, and the reactivity was

99.55%.

15 In No. 2 test (test was started with H,: 250 cc/min.; O,: 250 cc/min., and
reactor temperature adjusted at 120°C and the heater 9 was turned off midway),
temperature d, of the gas inlet end portion of the reactor body member (flange) 13
rose by about 100°C and at the same time, temperature of the other portions
exceeded the initial adjusted temperature of 120°C due to reaction heat generated,

20 and the reactivity was 99.75%.

In addition, in No. 3 test (test was started with H,: 480 cc/min.; O,: 480
cc/min., and reactor temperature adjusted at 120°C and the heater 19 was turned off
midway), temperature at the gas inlet end portion of the reactor main member

(flange) 13 exceeded 350°C and the reactivity was 99.58%.

-40 -



generating equi pnent, . In addition, with the

tenperature control nmethod of this invention, the reactivity
(degree of catalytic action) at the inlet and outlet ends of the reactor,
or 20 the distribution of reaction amount in the |ongitudinal

di i f th ' i 6 ' '
irection of the rqpsk&er, & £ of No 1testt&Nd.?jtoe?ﬂgBéféfﬁﬁéraﬂifﬁﬁrﬁqlée’@%%lgaof

| arge volume of reaction heat in the viclnit en

the reactor, @yiniing@poiva Wi KRt tanpetatilé, subgéstingthaH] ARl O)hRinot
end is thereby prevented. Wth this construction, local rzed tenperature
rise of the reactedbyigmtiohor can be prevented and safety can be nmarkedly

| mpr oved. _ ' -28 -
Furthernore, with the tenperature control nethod of this invention, where
the gas tenperature_ in the vicinity of the inlet end of the reactor is held

to 200- ig| 4} shows irelasonship betwesmpagsege wfitine \and reactivisy ashe
outlet .end to about,600[err]C or, .. |l ower, there.is nq fear of
causi n§ expl ogﬁwedswglﬁl} pgior 10 bsdlﬁeﬂeaeaﬁ@m&p%mﬁﬂf&me,@nd curve Cshppwsy
wat er can be generajt.ed with hi LESRPNSI VENess. . ' Thi.rd a

ot b vat or - B ERtT iy b blisdtiPd wiEhAR8 Reaciorss tsed ayigh Fiy, 480, el 04 Osis
show ot her enhgélic%%l? of the third and the fourth

wat er - generati ng reactors.

It indicates that when the reactor is used with H,: 480 cc/min.; O,: 480
cc/min., a lowering of reactivity is scarcely observed even after operation for 18

10 hours.

Fig. 42 shows a relationship between passage of time and water generation
reactivity as observed when the reactor is used with the reactor temperature held
to about 400°C and the reactor has operated as long as 100 hours, and the curvé A
shows the case of H,:0, = 1000 cc/min.: 1000 cc/min., the curve B the case of
15 H,:0, = 1000 cc/min.: 500 cc/min., and the curve C the case of
H,:0, = 1500 cc/min.: 500 cc/min., respectively.

As is clear from Fig. 42, even if the material gas is so-called oxygen rich gas
(Hy/02 <1/2) or  Thydrogen rich gas (Hy/02>1/2), the water

generation reactivity is always held nearly to a level of 99%,
indicating that even after long operation for 100 hours, no deterioration of reactivity

20 is confirmed.

Second Embodiment
Fig. 43 shows a vertical cross-sectional view of a reactor related to a second
embodiment of the third and the fourth water-generating reactors according to this

invention, and corresponds to a 12th overall embodiment of a reactor of this
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“As a‘'métalt catal yst material that can activate the hydr ogen or "oxygen 10
reactivity, platinum nickel, stainless steel, etc. exist, and of all
t hese, platinum provi des excell ent catal yst.

coonony. | pdREPR R RH A EARERC df KGR AR SR exHnb RO, B0y
2 or a1th8 sathe! SidPd HifthsiBh ThimER 28 DK il 'S Bi%RIrS B 12 plbds

manuf act uri ng Cos

Co tly i:pe: ' : . s} L0e: | f
i okel or o1 ai AT SoanEa itugt gas B puffort cohtace ¥ich EPR Rt AR TS L b o,
stai nl ess with this 8&1ERgurbficie Béaﬁiéﬁtéﬁ?éfaﬁire@is@@of meiﬂﬂﬂi}iﬁco ; (ﬁﬁﬁﬁ@zthe

ni ckel pipe and stainl ess steel pipe are used as e reattor
pi pe, the wat andghebass carienmemberiededignéd be preveatedf ace area of the
reactor pipe is small, and there is a problemin that the size of

the reactor nust be significantly increased in order to produce water of
about 1 L/ . ' For exanple, it has

been denonstrat ed tﬁisgﬁéﬁir& gger:g'éme{ﬁlﬁ)% designptes haepactor, 22, 23 reactoxrbwidye!
_corzrgi ?at on OfméLr/nﬁ;rs),( 2& Ba.ogarggu)f)p%fgjo%i:t?&g 2 v%te? Iaucl %tlld tlugel: régs {ari(ieggtﬁl joint, 26 a
filter flange, 27 a reactor fixing bolt, 28 a gas diffusion member, 29a, 292’ reflector
plates, 30 a filter, 31 a filter retainer, and 32 the platinum coating film. The reactor
10 21 is formed in a short cylindrical form by air-tightly linking the two stainless steel

reactor main members 22, 23.

A recess 22a, whose bottom surface is a plane, is provided inside one of the
reactor body member 22, and a gas passage 24a of the gas supply joint 24, which

is mounted on a rear surface, is in free communication with the recess 22a.

15 A recess 23a, whose bottom surface is spherical, is provided inside the other
rector body member 23, and a water and moisture gas passage 25a of the water and
moisture gas take-out joint 25 mounted on a rear surface is in free communication

with the recess 23a.

In addition, flanges 22b, 23b are respectively formed at the front surfaces of
20 both reactor main members 22, 23, and the reactor 21 is fabricated by air-tightly
~welding and fixing the flanges 22b, 23b together via the filter flange 26,.

In this second embodiment, both flanges 22b, 23b are designed to be fixed
by welding but both flanges 22b, 23b may be assembled and fixed separably by a
clamp (illustration omitted) with a gasket inst_alled intermediately (illustration
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surface area: about 1800 cnferr], reactor pipe inner volune: about 300

cnferr], 2 pieces of 1/4" straight pipe about 13m | ong connected
in series) (1/4 strai ght pi pe about 26mlong) is used to allow
100 cc/ m n. W%adSG cc/mn. of Jerr] to flow at 500[ err] C,
an upper limi© e usable water generation rate is about 100 cc/mn. 5
(Max.). However, since in actual sem conduct or

manuf acturing equi prent, a water generation rate exceeding 1

liter/ mn. is genemplday diffidsibh Btbmber 28ToiprEesHerelldéteLplate 29a, the filter3(;€
reactor is required to secure the required mater generatton rate.

When ni ckel piege, a5d us showa mfﬁg.rﬁﬂcﬂ:ls)%ﬂamtbﬁlﬂ&tﬁb@dﬂmo‘fthe)teﬂ&oﬁpfdpbil on
10 on the reaction pi pe. outer surface arises For

exanpl e, whennmdmber23.n. of H2 and 27.5 cc/min. of Jerr] are supplied to
1/4" x 200 nm ni ckel reactor pipe and water is generated for 5 hours at
S00[err]C it has been confirmed by SEM anal ysis that about- 90%
reactivity of water_gener

reacti e obt ed but
oxi de Scal e about . [l%r‘?‘}’ aﬁ?t@R plate29ahas &Ry ﬁ‘i‘f@“@i @Fnl‘? 0%9}?{ Hee
of the nickel re : hand t he
Cenper atur 6 oMHAIE SHTERL I fesigned to,bponep, and it is Tixed ', B pdfitiod Upqelif e
formati on of Eﬁ?l? &rg-aéémh
reduced to a neag']q S%%g 8% (;et\%jgﬁciE r ea%ﬁa\?hry O??ﬁﬁnbér 2% Sumlarly,
generation regkd réflector ?late 29aTRNIREE 81 ¥ positivh opposite abpater aﬁ?{qﬁ@isﬁﬁe @as0

and as a result, the generation anount markedly decreases.
outlet at the bottom surface of the reactor body member 23.

10 Gas injected in the reflector plate 29a through the gas passage 24a of the gas
supply joint first collides agaiﬁst a reflector plate bottom surface 29¢, and then is
injected in an arrow direction through an open hole 29b provided on a peripheral
wall 29d and diffused into the recess 22a, thereby uniformly passing through nearly
a whole surface of the filter 30 and entering the recess 23a of the reactor body

15 member 23.

The gas injected into the recess 23a uniformly collides against and comes
in contact with a whole surface of the platinum coating film 32, and is thereby
catalytically activated.

In addition, water and moisture gas formed in the recess 23a is guided out
20 ~of the water and moisture gas passage 25a through the open hole 29b of the
- reflector of the reflector plate 29b.

In the embodiment of Fig. 43, the reflector plate 29a’ is designed to be
installed at a position opposite the water and moisture gas outlet, but the reflector
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In this way, when nickel pipe is used as the reactor pipe, the upper limt
of the reaction tenperature is restricted to about 350[err]C from
a vi.ewpoi nt of oxide scal e generation, and, as a result, the

reactor size must still be ingreased due to . Lthe age ,in water
gener ati on andlate 29a’ may be om%tteda ﬁowevcr y installing the reﬂector pfat 364’ » WAtET.

It has been confirned that. evenlf oxi de .sc t he. ni ckel, react or
pi pe surface, SeHETafQNIFa SWQ?Y %%bg’;nzg%éﬂaﬁaﬁﬁgﬂ

sur ace, cont Mn&oﬁ?ﬁwﬁ‘b&eﬁﬁ@%&é of ﬂ%%ﬁé%?ﬁg%a %@E‘{“?Ofeﬂ%%?{ plt
consequently, meggﬁﬁ%é%bWw\er e of the reactor pi pe nust

be held to about err Max.) as-descri bed bef ore.

As descri bed above, in order to permt an increase of the generated water

vol une whil e downsi zing the water-generating reactor, it is essential to

use 5 pl at i Agtaindessssteeldfiltsrywitl average Rtpymanheshoe usedpe thet filter 36, and

significantly higher than that of nickel, etc. as a catalyst in
t he form of aaqniatmgd;aynrqflabbuhlgumaﬂmklsuspdasthepiatlnumc atingsfilm d2e, to

~investigate platinumcatal ytic activity in nore detail, reactor

pi pes as shown in Fi gs. 34 and 35 were fabricated and vvater_ generati ng

., tests were rrle(%i
secon

enLlllt)ddiment, the bottom surface of the reactor body members
22, 23 are designed to be spherical, but one or both thereof may be formed as a
plane(s).

10 Furthermore, it is also possible to increase a depth size of the reflector plate
29a as shown in the dotted line of Fig. 43 and thereby suppress a gas volume
passing through a center portion of the filter 30.

In addition, in this embodiment a disk type filter 30 is used whose whole

surface is designed to be penetrated by gas, but in place of this, a filter 30 which

15 - has a filter portion (gas penetrating portion) at a peripheral surface portion only,
may be used. By constructing the filter in this manner the reflector plates 29a, 29a’

can be omitted.

By installing the gas diffusion member 28 inside the reactor 21, the platinum

coating film 32 is never locally heated by reaction heat, and water generation can

20 ‘be conducted with nearly the whole area of the platinum coating film 32,
maintaining it at about 500°C, and it has been verified that a specified amount of

water can be generated safely and continuously under high water generating

reactivity and responsiveness conditions.
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That +i s, i:n Figs. 34 and 35, reference character E designates a Hastell oy
pi pe (1/4", 200 nmin total length), H designates a heater, T designates 15
thernmoneters, Pt a platinumfoil catalyst (thickness: 0.05 mm wdth: 5 nmm
l ength: 100 nmm), and platinumsurface area 10 cnferr].
From the gas inl et tﬁgMéhdwam&ﬁbowt&&emadMa fReratif

0

al | oned low at ratios shown in Table 3, and a reactivity at
the reactor pirggetet Acordifg to this inventiong whiclscdresaponds to &4 3tH erbedipeent df
the upstreamend, T[err], and the downstream end, 20 Tlerr], were
measur ed, r estieetvatertgenerating reactor. In Fig. 44, a donicahfilter 3 isninserted|intola reactor
desi gnates the value just after the gas is passed and *2

desi gnat es t hdodyimember 34afarminga reactor 33 andeatithe same dime;\a platinumasating

eneration after the gas iis passed andg reactiqn i,s stabjlized.
? 31 - 5 film 36 is t%rmed ovgr nearly a whole area of an inner sur%ace o?%;qgggctgr body
Mat eri al Gasr'ngxlnggvréﬂe (soon) Heater Tenperature ([err]C) Reacti v-i ty

With the reactor 33 depicted in Fig. 44, it has been verified that, as with the
embodiment of Fig. 43, a specified amount (about 1 liter/min. or more) of water
can be stably generated under high reactivity and responsiveness conditions without

10 causing local overheating of the platinum coating film 36.

Regarding the filter 35 of Fig. 44, by making a center bottom portion
thereof, opposite a water and moisture gas outlet, to be a non-gas penetrating
portion, it is possible to further reduce an amount of unreacted gas and an

improvement of water generation reactivity is possible.

15 Fig. 45 shows a system outline of water-generating equipment using the
third and fourth water-generating reactors according to this invention. In Fig. 45,
H, designates hydrogen gas, O, oxygen gas, N, nitrogen 'gas for purge, MFC1-
MFCé mass flow controllers, V, - V; valves, TC1 - TC6 temperature measuring ¢+
thermocouples, CV; - CV; check valves, F, - F; filters, 37a, 37b gas preheating

20 coils, 38 an O, and H, mixing portion, 39 an O, and water mixing portion, and 40

a semiconductor manufacturing equipment.
Hydrogen gas H, and oxygen gas O, supplied to the reactor 33 are set to

either 2:1 or 2:2, and, in general, an O,-rich mixture gas is supplied to the reactor

13.
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H2 - Jebrr] N2 Upstream Downstream (% :
end end 25 25 100 *1 OFF 21

25 * 3.8 *2 OFF

172 72 : .

N 180 AnOQ, a%éd—fz su‘rf)ply gasgpressure is selected tppe about 1.1 - 1.05 kg/cm?
ON 193 . _ . 1r _ 499 0 . (1
cnferr]) Jwith a flow rate Of 0,= ab&{? fodo cc/min,, H, = about ?6g/gﬁc/mm., respgggwyeqy,
25 25 = 92.8 10

=~ 20%9“1 w1t5210@ c8/mm of wa%&7bemg generaf¥d. (t 0.05 50 50
200 - *2 OFF 283 128 98. 3 X wb x L

ON 298 200 99.9 100mm) 50 50
200 2 OFF The2gs preheating tails 37a, 37b 4 idstalled to heat the mixture gas or O,
ON 297 200 99.5 15 The results of -

each of5 t he algaséo m@pﬁonddempmmwtabwt 20080 owdowperpbutiwben the mixture gas
remar kabl e hi gh cat al ytlc actjvity a corrpared to nickel, 2) when gas is .

al | oned 1s room ¢eth ? 2a %a isrin genenal pet in @nomoperating
occurs, and regatlw ty exceed| ng 90% can be obtai ned because of
the tenperat utt®i se fromthe reaction heat, even W t hout

external heating, 3) when gas is allowed to flow without being diluted 20
with N2 gas, etc., the gas may be ignited even at roomterrperature 4) nost

reaction takes pla [

and the lelgf‘r%eg r@%({ru%eférqgcgﬁﬁ%éd 9ﬁcons %J EQ%ee/%stf 50%

tip end surfacquipménediting epération of the reactor 33, the temperature being controlled to
10 not allow reaction heat to heat the reactor 33 to over 500°C by adjusting the supply

rates (water generation rate) of O, and H, or by operating the cooling equipment.

In addition, a temperature of an oxygen and water mixture in the oxygen
(O,) and water mixing portion 39 mounted in a vicinity of an outlet end of the
reactor 33, is maintained constantly at about 120°C to prevent dew condensation of
15 H,O on a pipe wall, and a heater is equipped as is required.

. In this water-generating equipment, the reaction gas is brought to the oxygen
rich condition, but, as shown in the curve C of Fig. 42, needless to say, it may be
a reaction gas in a hydrogen-rich condition. For example, when forming a silicon

oxide film (SIOz) or other films, reducing gas can produce higher quality film.

20 _ In Fig. 45, hydrogen and oxygen are to be supplied to the reactor 33 in
gaseous form, but liquefied hydrogen and liquefied oxygen may be supplied

instead.

Furthermore, in the water-generating equipnient of Fig. 45, hydrogen and |
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changes by heating (SEM observatlon results) etc. Then

in order to investigate the -catal ytic, activity of the pI atinumcoating 25
| ayer, the inventors of this application carried out water generation tests
by form ng 300 - 400A platinumcoating filmon both outer

f f . .
is(l')l:]g,acgzl’ ]98.02 0§>I§a ab@%ﬁﬁ%%%?ﬁ er ﬂ%ﬂnglgdl}“an gmahaltﬁgn hpli)l{g&]twmgré&cm ﬁﬂ
-32 - but hydro ogen g@t&ﬂd%xygenegiy IRAYED i éﬁd&ﬂ@"ﬁlpﬁﬁeﬁ kS readforyy)

37, a reactor is use which is constructed Dy serting two

pi eces of N hadmixeddh theteactatSd. Wi th the above menti oned Pt
coating into a 1/4" Hastell oy pipe about 200 mm | ong, wherein 50

cc/mn. of H2 and 50 cc/mn. of Jerr] and 200 cc/min. of N2 were fed into

the inside 5 of the reactor pipe fromaone end.
Tabl e 4 shows the Maedditiongin theiwater=generating equipment, O, is mixed with moisture.
5 But, in addition to O,, H, or an inert gas may be used as a diluting gas for adjusting

oxidation and . reduction power, or N,O may be used for improving interface

characteristics of Si and Si0,.

Using the water-generating equipment of Fig. 45, gas consisting of 1000

cc/min. of O, and 1000 cc/min. of H, were supplied and 1000 cc/min. water was

10 continuously generated for about 20 hours, and at the same time, impurity of the
generated water and deterioration of the Pt coating film of the reactor were

investigated.

. The impurity in the generated water was analyzed by a flameless atomic
absorption analysis, but the impurity components were all in an order of ng/m liter

15 or less, and no impurity component that would cause a problem was detected.

" The Pt coated film was inspected by SEM observation, and there were partly
discolored portions but peeling off of the Pt coating film or excessive change in
quality caused by oxidation, etc. was hardly observed.

In addition, it has been proven that reactivity tends to be slightly lowered -
20 " with passage of time as shown in Fig. 41, but since it is maintained at a value
higher than about 95%, a practical amount of water generation can be obtained

even in O, rich conditions.

In the third and the fourth water-generating reactors of this invention, the
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In Tabfe 4, nuneral *1 is the value right after the gas was passed, n'urreral
*2 the value obtained when the tenperature has risen by self heat
generation right after the gas was passed and reacti on was

ftﬁ’ hgagig; Liﬁﬁiﬂ " g s el Sl s Sf5iaeF Walls S e g AORER'
appear ed. oftning tHe FeadtBhs for CoRfchhg Tha'dbhivatdld file Gand 'L ghd Or ati on
As a result, a platinum consumption rate decreases as compared that of a
conventional reactor using platinum foil, platinum pipe or nickel pipe with
5 platinum plating as the catalyst material. Also, construction of the reactors
themselves can be simplified, manufacturing costs can be reduced, and, at the same
time, the reactor bodies can be greatly downsized,' as compared to conventional

reactors which use nickel, etc. as the reaction material. |

In addition, because a gas diffusing device is installed inside each reactor

10 body, the platinum coating film, the catalyst material, is not locally heated.

As aresult, peeling of the platinum coating film, or surface degradation due
to oxidation, etc., can be effectively prevented while stable water generation can
be continuously carried out under high reactivity and high responsiveness

conditions.

15 Furthermore, backfire-prevention functions are provided by the filter
forming the gas diffusion member, so that, for example, even if the mixture gas of
H, : O, =2 : 1 fills the rector under atmospheric pressure and the mixture gas is
ignited at the downstream end (secondary end), a flame does not propagate to the
upstream end (primary end).

20 . As a result, when the filter is used as a gas diffusion member, explosion

prevention is greatly improved in the reactor.

As described above, the rector for the third and the fourth water-generating

equipment of this invention can supply mixture gas directly to the reactor inside,
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- 33 TABLE 4

Mat eri al Gas flowrate (cc/mn.) Heater Tenperature ([err]C
Reactivity H err] gerr] N err]
Upstream

eP\ S en d"Wﬁh&ﬂaquumng preheating of thS gmxturezgas by li%zmg* edigh catalyst
?37 98. 1(7) charactenstlcs of platmum and even 1f oxygen-rich or léydrog%n-nch%hxtme gas
ON 150 is used, a pri&ihal water g&ﬂeﬁuon amount of 1000 édfinin. or more can be easil
ON 200 100 (sheet) 25

*2 OFF 138 be ob‘tameﬁB safely withoa Zontiaratively compact reactor body, and excellent
ON 152 99. 2 .

ON 5 165 practical eﬂ'sgts can be aghieyed. Thi ckness

ON 200 200 100 (300 - 400A)

00

Process for Forming Platinum Coating Catalyst Layer in Water-generating reactor

The water-generating reactor of Fig. 43 has excellent effects as follows:

(1) an amount of platinum used is reduced, costs for manufacturing the reactor are

lowered, and construction of the reactor is simplified as compared to reactors using

10 platinum foil or platinum pipe, platinum plated nickel pipe, etc. as catalytic
materials, and (2) by making best use of the high catalytic characteristics of
platinum, the mixture gas can be supplied directly into the reactor without

: preheating and even with an oxygen rich or hydrogen rich mixture gas, water in an

amount required for practical application, exceeding 1 liter/min., can be safely

15 generated.

However, when the platinum coating film is directly formed on a metallic
substrate, the platinum coating film sometimes suddenly loses catalytic activity

when water generating is carried out over a long time.

That is, upon feeding H, and O,, even at room temperature, the mixture gas

20 (H; + O,) reacts and water is generated, but when water generation takes place
continuously over a long time, the platinum coating film sometimes losses the
. catalytic activity.

Fig. 46 shows a condition of loss of catalytic activity in which platinum
‘coating films are formed by the following processes (A) and (B) using a reactor of
25 the construction of Fig. 38, with the catalytic activity being lost when the reactor
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15 w7 - 50 50 200 *1 OFF 29 ' - 30

5.5 (t 0.1 *2 OFF 208 130
98.0 XW5 *3 OFF 190 174
98.0 . x|.+00) . * 4
OFF 35 15 cot S dﬁglyopergtedforaggﬂghme. The results of the test
confirnmed that 1) even with a Ni thin sheet having a pl ati num
coating, high catalytic activity of a level simlar to that of platinum

f oi | . can (Ag: Afterithe dunct)suefiee ofmsiginldsk Stdel which foRhs ihd fsactdisar | Y
100% reactivity can be achieved, 3) when no diluting gas is

present, evenpalishestanddeqnedao remove apassivetstate film, a Ni film ofeboitQ. 1-urhitleick] )
is ignited, 4) due to rapid tenperature rise, the N thin sheet having 25
the Pt coati ni fowmediyplatieg andracplatinam,filne abewt &3 pym thick is formed by plating
By anal yzing the S%fgfe of the Pt coating filmon the NI thin sheet after
catal yBi ¢ act PRt Nktilmst | causes of the sudden | oss of catalytic activity

of the N1 thin sheet with the Pt coating have been confirmed to
be due to a tenperature rise
-34 - (B): After the inner surface of stainless steel which forms the reactor is

polished and cleaned to remove the passive state film, an Au film about 0.1 pm
thick is formed by plating, and a platinum coating film about 1 pm thick is formed
by plating on this Au film,. '

10 In Fig. 46, curve A, shows changes of a reaction rate of H, and O, with
passage of time when sample A is used at 300°C, while curve A, shows changes of
reaction rate with time when the sample A temperature is lowered from 300°C to
120°C. |

. Similarly, in Fig. 46, curve B, shows changes of a reaction rate of H, and O,
15 with time when sample B is used at 400°C, while curve B, shows changes of
reaction rate with time when the sample B temperature is lowered from 400°C to

120°C.

Test conditions, such as dimensions of the reactor, amounts of H, and O,

supplied to the reactor, etc., are the same in each test.
20 As is clear from Fig. 46, in sample A, when at the 300°C temperature, the

reaction rate, which is about 98% at the beginning, lowers to a level of about 70%

after it is used for 5 hours (curve A)).
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of the Ni~thin sheet caused by reaction heat causing substrate metal (N)
to diffuse into the Pt coating film and this is oxidized in the
Pt coating filmby the oxidizing environment. As a result, when

the platinum coati n?ll}{)eh Jﬁg'réaétfﬁﬂ‘}’a@looiﬂ th8&used (vﬂgﬁﬁettym&erﬁlture waéﬂ%& fobm

thin sheet, as desc bove, there is a possi osing th

catalytic 5 300°C tod20%C, thy lowstihg dfthe te¥iction kAl iPinolé efphasirzdéd a?stlalahbw&:y

as a reactor renains. First Embodi ment of Third and Fourth

React or s in curve A, and tRefreactiongategwhich is dboat 88%vatrthe beginhing lowers to
enbodi ment of the thi rd and fourth wat er - generating reactors
according to tabiout 28%eaftérohhontsi(cumvededcri bed. Fig. 38
and Fig. 39 show the first enbodinment of the third and the fourth 10

wat er - generating reactors, and correspond to a 1lth enbodi nent reactor,

ﬁ;lﬁé?éls 1t ren AR por SRS e S ok B A6 BRL Shefor E Wi
For row hat or| |a%33§68‘2%%%¢1§%9§§9f*$@r@&ma%a% S BodE ﬂeﬂ%%ﬁﬁs

nuneral 17 a

0 I
15 20 ther m)cou%’l es. fibn 6 t&nﬁéﬁﬁl}e Wﬁ%ﬁ%@aﬂd;%gﬁg o%p@? gggs&{o\?\o

reactor body pRfEi8abolif 38910REIVe1B,). 13 instal |l ed opposite to each
other via the gasket 17 and air-tirghtly tightened and fixed by

the clanp 18 with a specified space nmaintai ned between them The reactor

_ The inventors conducted an XPS analysis on the stainless steel inner surface
10 after water was generated with the sample A (0.1 pmNi + 0.3 umPT) and sample
B (0.1 pmAu - 0.3 umPt) for 3 hours at 400°C, under the same O, and H, supply
* conditions in order to investigate the causes of the falling catalytic activity (that is,
falling reaction rate) of the platinum coating film as described above.

Fig. 47 shows XPS analysis results of the external surface of sample A, and
15 Fig. 48 XPS analysis results of the external surface of sample B, respectively.

In Fig. 47 and Fig. 48, the abscissa is expressed in etching time, with 1
minute of 'etching time corresponding to a film thickness of about 60-70A.

As is clear from Fig. 48, in the case of sample B, Fe and O exist in large

amounts in the surface layer portion of the coating film on the stainless steel

20 surface after it is used for 3 hours, and the existing amount of Pt is extremely small
| (about 5%). That is, it is indicated that since the external surface layer portioh of

the coating film is occupied by iron oxides such as FeO, etc., and the Pt component

is decreased, the lowering of the reaction rate results.
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body «nenbers (flanges) 12, 13 are made of stainless steel (SUS304),
heat -resi stant 20 netal material. The reactor body nay be nade of
nonnetal material, such as ' quartz, ceramcs, etc., as long.as the

Th. o1 at| num coat | LY S 8 FORALE 1T %fﬁ#%?ﬁ?ﬁﬁ%@ggs sygessied Hift,
Blrjtr)cggg OZSOn%é%géaﬁwm Ehﬁg 'S se ect gs{ép@%éﬁﬁfgwﬁr]

-35 - it is used for 3 hours is occupidd e aadO, aﬁd‘ﬂle' Pt ®inpbaeatid nealp zer)d
noi sture gas outlet 16 are provid the other reactor” main
menber (flange) 12 on which no pl atl num coat i ng f| I m 14 S

f or med. An al um num gasket is used as the gasket 17,

and a flat type el dthatis;thexesults displayed in Bigu4Zdnd ¥ig. 48 indicats thapbecause of
In this first enbodi nment, the Iat| num coating filmJal4 is formed only on
t he 5 the temperature rise of e substrate stainless steel or Ni film caused by the reaction
heat when water is generated, Ni or Fe is diffused in the platinum coating film from
the substrate metal, and this is oxidized in the platinum coating film by the
oxidizing environment, which is a main cause of loss of catalytic activity of the

platinum coating film.

10 The test results of Fig. 47 and Fig. 48 indicate that a material which does not
contain any Ni or Fe component and which does not generate oxides in the
platinum coating film is best suited as a substrate film (barrier film) to be formed
on the stainless steel surface.

Thereforé, the inventors of this invention have reached the conclusion that
15 the high catalytic activity of platinum coating film can be maintained over a long
period of time even at a high temperature by using a film which superbly functions
to prevent metal diffusion caused by heat as a barrier film intermediately installed -
between the stainless steel and the platinum coating film.

Based on the above-mentioned conclusion, the inventors of this invention

20 have formed platinum coating catalysis layer as combinations of barrier films of
- various materials and platinum coating films on inner surfaces of stainless-steel
wate-generating reactors, and at the same time, have carried out water generating

tests using each platinum coating catalyst layer and investigated changes of the

water generation reaction rates (catalytic activity) occurring with time.
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i nner., surf.ace of one of the reactor main nenbers 13 and the inlet 15 and
wat er - and- noi sture-gas outlet 16 are provided in the other
reactor nmain nenber 12 with no film14 formed t hereon; but the

pl ati num coating fi gfsst h
reactor main rrenbertﬂ&%n%e@x g {pﬁe | n %ﬁgﬂamt er an CM};S?SCEY

moi sture gas rr% Aérafif r@&t&"s@yb%@dﬂth@%BvéJﬁéiﬁﬁﬁled investigation results.
In the first e nent he reactor 10 is forned by conbining two pi eces
of reactor body rrerrber (flanges) 12, 13, but the reactor 10 may be forned
in a shape of cyllnder or rectangular tube on an inner_surface of
whi ch t he pl atEmbodibients of thedProcess for FormingPlatir pling Catalytic I

In addition, in this first enbodlrrent t he Iatln mcoatlngfllm14|s

f or med byFigh49isbewsmiverticals g YW ohe WHET-BERFraHAg 18ecton fofed

g¥(£e5'ssatl:|r'gd§§r§§§ss s <progssyf ERaing 1he Pt GRGaeScatk et B, i e
\(I:Vﬁl chngglr(rjlneg 1%‘%1@1 qq’ W@P%‘@E n??@%fdhﬁ ‘q%r}g?ﬁéﬁ%%n St %% n?ess

Iihsflher nor e, |l?1°ql§ GP?&a]Iaih %E%Xu@iﬂmﬁhﬁlégﬁiﬁ%au ng fl I ﬁlﬁvélat?rsand

?ﬁs. gned 10 benbREIFE $asl MRkérh) 268 filteelangd, fﬁﬁﬁ:le@il 271@rém@d | fixingiol ufiweral ng

28 a gas diffusing member, numerals 29a, 29a” reflector plates numeral 30 a filter,

10 numeral 31 a filter retainer, and numeral 41 a platinum coating catalyst layer. The
reactor 21 is formed in a short cylindrical shape by air-tightly linking two stainless |
steel (SUS316L) reactor bodies 22, 23.

Because the structure of the water-generating reactor of Fig. 49 is identical
to the fourth water-generating reactor of this invention described in conjunction

15 with Fig. 43, a detailed explanation will be omitted.

In the water-generating reactor of Fig. 49, the platinum coating catalyst layer
41 is formed on the entire inner surface of the reactor body 23 made of SUS316L,
and, as shown in Fig. 50, after a TiN barrier film 42 is formed on the inner surface
of the reactor body 23, a platinum coating film 43 is formed on the barrier film 42.
20 | The platinum C‘;oating catalyst layer 41 according to this invention is formed of the
barrier film 42 and the platinum coating film 43.

A thickness of the platinum coating film 43 is preferably from 0.1 pm to 3
pm, and, in this embodiment, the platinum coating film 43 is formed to be about

1 pm thick.
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reactor body by the ion sputtering process, but a barrier filmconprising
non- net al ' material nay be fornmed in advance on the outer surface
of the metal material and the platinumcoating filmmy be
formed on this barrA ¢kicks : : Bfn%ﬁgh I .
installing the bar rég;c%%s?nbggl?%%m%ﬁ%zaf prr%fterearﬁll/yafr, It iJ(SS"l)ﬁl’aéléicl&l:)lrnes
possi bl e to effigc50,the TiNterdet filhel2sisbbue? aniiiek. f ormi ng the reactor
body fromdiffusing into the platinumcoating filmat high tenperatures
and, as a result, it becones possible to effectively prevent
deterioration of the catalytic ,activity of the coating film
caused by oxi dpecHic Example of Rro¢essforForming Platinuni G'oating Catalyst Layepat i ng
film 10 ,Extﬁnpie,s of the non-netallic material formng the-
barrier filminclud@foqmning the platinum cogting cafalyst layer4d, thareerssedsinaer sugkacen

T e R bl Y50 . o S5 e sbapt rmaol e REeR T  ©
cot ing 11 M priops g oside g so bS8 i) oEh o Ml
barrier film GplkmngadlhddemovedC %@g%d s b@%sé&’?op%f’stétﬂﬁlgg r"t&%ﬁﬁéntr o

or vapor deposition process IS Sul exanp

it has been confirnmed by changes-of-water-reactivity-wth-

passage-of-tinme test results that when stainless steel (SUS304) is used as
t he net al When ethe sdurfacevdreatment Tof\theainmiere rsuffabenoff the. fecksy 2Banis
average thickness _ is_fornmed, by an ating process, and then,

20 i |
on this barri épmplstad, the paeierfilm 42 of T is fmﬁgabﬁuthm@mbodiment, a TiN parigrm

th 10" "Himgta S Bk FHE i dorRal kg on IR Kopar cd (o o cast

wi t hout the barrier

For this barrier film 42, TiC, TiCN, TiAlIN, etc. may be used in addition to
TiN.

The thickness of the barrier film 42 is suitably from 0.1 pm to 5 pm as

described above. This is because if the thickness is less than 0.1 pum, the barrier

15 functions are unable to be satisfactorily carried out, and, on the contrary, if the
thickness exceeds 5 pm, it takes undue time to form the barrier film 42 itself. Even

if the thickness is more than 5 pm, its function to prevent metal diffusion from

substrate stainless steel scarcely changes, and moreover, peeling-off, etc. of the

barrier film 42, caused by differences of expansion, etc. may occur upon heating.

20 In addition to the ion plating method, it is possible to use an ion sputtering
| method, PVD method such as vacuum vapor deposition method, etc. or chemical
vapor deposition method (CVD process), hot press method, thermal spraying

process, etc. as the method to form the barrier film 42.
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BARRUCE . -37 -
Test Exanple 6 -For testing, a reactor with reactor body
menbers (flanges) 12, 13 with an effective inside dianmeter of 70

merr], 4-nm spac ' f : 3
cnferr] Pt coati ngqgﬁémkg]r&gg? a %\ﬁﬁﬁ%ggﬁ?ﬁlﬁn{]tﬂ fgfr%ggfmrgnﬁﬂagggfﬁlniggéé 5
cnierr] inner sﬁﬁéédﬁiénﬂ‘?foﬁiéﬂﬁdﬂ the baftierdilfh. Ha tBiREntBRlimknt Eicplatimiin ydtihgom

the gas inlet 15 into the inside of the reactor 10 at the flow

rate shown infilab43 of abeutdl juieis formed by the fomyslatibg neethod] reactivity of each
portion were nmeasured. . In this test exanple 6, the film
t hi ckness was desi gned to be about. 250[ err] but It has been
confirmed by test results that if the film¢thickness were 10[err]_ or nore,

égse y Z speci fi eahﬁhéﬁlﬁnﬁsi‘t of @smnmzpﬂing]ﬁh@ﬂ%iaﬁumblw nfelipm 0 3he
thick il m cahpas ﬂ@*ﬁ“f@&g abové. '?‘ﬁlﬁssissbgﬁrauﬁg ifrﬂ% ﬁéaﬁ%@t Hl%fO%gg%mé @%ﬁ 3 Iny
upper 1imit of LEatlif) LohGKEGRS datatfl SRlifly over a long 'pRRBA%E A, Curit, ™

conversely, if the thickness exceeds 3 pm, the cost of forming the platinum coating

film 43 rises; and even if it is formed to be 3 pm or more, there is scarcely any

~ significant difference in the catalytic activity or its working period, and, in addition,

10 peeling-off due to expansion differences, etc. may occur at the time of heating.

As the method to form the platinum coating film 43, it is possible to use an
ion sputtering method, a vacuum vapor deposition method, a chemical vapor
deposition method, a hot press method, etc. in addition to the ion plating method;
and, in addition, if the barrier film 42 is made of an electrically conductive material

15 - suchas TiN, etc., a plating process may be employed.

Fig. 51 shows changes with time of a water reaction rate in a water-
generating reactor in which the platinum coating catalyst layer 41 has been formed
by this invention.

First of all, the recess 23a of the reactor body 23 of the reactor 1 of Fig. 49
20 was surface-treated using chemical detergent, and then, as the barrier film 42, a TiN
film of about 2 um thick was formed by the ion plating method, and then, a
| platinum coating film 43 of about 1 pm thick was further formed on it by the ion
plating method. And, using this water-generating reactor equipped with this
platinum coating film 43, a water generating test was carried out at 400°C for a total
25 of 10 hours by allowing H, to flow at 500 cc/min. and O, at 500 cc/min.
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That is, 1) temperature was lowered to 120°C right after water began to be
generated at 400°C (when T = O Hr), and under this condition, a first water
generation reaction rate was measured, 2) then, after the temperature was allowed
to return to 400°C and water was generated for 1 hour (when T = 1 Hr), temperature
was again lowered to 120°C and a second measurement was carried out on the
water generation reaction rate, 3) and further, after the temperature was again
allowed to return to 400°C and water was generated for 2 hours (T = 3 Hr),
temperature was lowered to 120°C and a third measurement was carried out on the
water generation reaction rate, 4) and thereafter, after the temperature was allowed
to return to 400°C and water was generated for 7 hours (T = 10 Hr), at this point,
the temperature was lowered to 120°C and a fourth measurement was carried out

on the water generation reaction rate.

In the water generation test in which the temperature was lowered to 120°C,
O, was allowed to flow at 50 cc/min. and H, at 50 cc/min. into the inside of the

water generating furnace and the water generation rate was measured.

The curve A of Fig. 51 shows the water generation reaction rate measured

when temperature was lowered to 120°C in cases 1) - 4).

The reason why the water generation reaction rate was measured with the
temperature lowered from 400°C to 120°C is that, as is clear from Fig. 46, the lower
the temperature, the more greatly is the change of water generation reaction due to

deterioration.

The water generation reaction rate is computed from a measured amount of

generated water and measured amounts of O, and H, supplied.

The curve B of Fig. 51 shows measurement results of a water generation
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TABLE 5 ‘'
([err]Q
Set - (3)
120
250 250
480
50
480
50
50
50
550
10 480
11 50
12 480
13 50
10
15
20
25

Test No. Herr] gerr] _ Tenper ature
Ti me React|V|ty cc/mn cc/mn
(4) (mn.

reacuonjll'%% under eﬁzﬁcglg the samg gﬁndmor?@asgg)r curvegé u/qgng tlge reagtor 21
in vﬁﬁ&h the Ni H&Her ﬁlm, abdht Z%m ﬂuci?@ras formé'dZQn the sutfacePdefining

98. 03
the re‘b%éh 23a of thé iéhctor bodyﬁlgof the saﬁfel:sl zilape by tﬁé ton plaggg 2ﬂliléthod
and thBﬁ) the platmﬁm) coating film 43, about 1um thick, \Gﬁs formegiBos the Ni
50 250 | . _ 30 99. 32
barriersfilm by the iongplating method. - 30 94. 92
480 120 201 354 120 99. 27
50 120 113 124 93. 91

Afggis clear frlo%ga comparigclorggetween ﬂ%eg%urve A éghe curvgja ﬁFlgl S
51, when the TiN barrier film 42 is provided (curve A), it is possible to hold the
catalytic activity of the platinum coating catalyst layer 41at a nearly constant high'-_

catalyﬁc activity state over a long period of time.

The curve A of Fig. 51 shows changes with time of the water generation
reaction rate observed when the 2pm-thick TiN barrier film 42 was provided.
Further, measurements were also taken on changes with time of the water
generation reaction under the same conditions as those of the curve A of Fig. 51 in
the cases in which TiAIN, TiC, TiCN, and A 1,0, barrier films 2 pm thick were
provided. As a result, with each of these barrier films, the changes of the water .
generation rate with time were nearly identical to those obtained with the TiN
barrier film and an undue lowering of the water generation reaction rate was not

obseryed.

As described above, since the changes of the water generation reaction rate
with time can be satisfactorily prevented even with the A1,0; barrier film, it is

assumed that the changes of the water generation reaction rate with time can be

effectively prevented as with the case of TiN barrier film even if the barrier film is

made of other oxides or nitrides, for example, Cr,0;, Si0,, CtN, etc.

Table 6 shows results of an analysis of trace elements in generated water

obtained when water generation was carried out at 400°C for a total of 10 hours |
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14 -~ 480 480 120 - 202 354 600 99. 30

15 50 50 120 - - 30 94. 10
Table 5 shows test conditions of test exanple 6 using a reactor according
to the above- pRiHgl thS htérgéreraitObabi of Figl 49)%0 bfith S méeﬁﬁbﬁ%ﬁ%pgﬁedm
Fig. 40 shows ternperature change of each ténpeérature neasuring portiron

in Test No. 1(thtasie ided far tiemiedstaémbiot oScuite Pabf Bigh 51).

That i's, reference characters a, b, ¢ show tenperature changes of three

t her rocoupl es 20a, 20b, 20c nounted on the reactor body nmenmber (flange) 12
(wthout platinumcoating film, and the results of No. 1 test are shown

with a[err], b[err], 25 clerr], TARBLEEsults of No. 2 test are shown
with aferr], pZ—eferr—ard—the—+esyrts—of NT. F—-e5+—rir-e
-39 - Element Fe Cr Ni Pt
5 Detection concentration 0.17 0.037 <0.05 <0.01-
(ng/mL = ppb)
Detection limit of the detector 0.02 0.02 0.05 0.01
(ppb)

An analysis of above trace elements was conducted by a graphite reactor
10  heating-atomic absorption analysis process (polarization Zeeman atomic absorption
photometér available from Hitachi) for Fe, Cr and Ni, and by an ICP mass |
spectrometry (ICP mass spectrometer available from Seiko Denshi) for Pt.

As is clear from Table 6, trace elements in the generated water are all

extremely insignificant. It is clear that Pt is scarcely dissolved into water from the

15 platinum coating film 43, because Pt existing in the measuring system is only the
portion of the platinum coating film 43.

"In the process for forming the platinum coating catalyst layer of this
invention, after the inner wall surface of the water-generating reactor is cleaned, the
barrier film of TiN, etc. is formed on it, and thereafter the platinum coating film is

20 formed on the barrier film.

As a result, even when the reactor body is heated to a high temperature of
about 400°C., diffusion of metal components of the substrate forming the reactor
body into the platinum coating film can be almost completely prevented by the
barrier film of TiN, etc., and the rate of formation of metal oxides in the platinum
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shown W th a[ err] b3, C3, respectively. ~ The reference
characters d, e, f show tenperature changes of three

t hernocoupl es nmounted on the reactor body nenber (flange) 13 (with platinum
coating film, and d[err], e[err], f[err], showthe results of No. 1 test,
d2, el[err], fZoatiig fihesantte 3gteaﬂyéreduced andhe High esthlytiepdrfoimande odetes able
flerr], the results of No. respectively.

addi tion, ref qpdratsblyasiattined gvertmwlongtpenipdrofttime of t he dovvnstream

end piping of the reactor 10 and reference character h shows the gas
tenperature at the H2 and Jerr] m xing portion and test

L i et el i
react or efﬁg ‘Eﬁh(ﬁ{ﬁé‘ﬂlgﬂma ‘2‘5{%&[& q@ﬁn‘g h\ 3%&0% & the

body maber d[rsfé% @%ﬁ%@fh@@%ﬁ?ﬁ%&aﬂe ot BOYHIE Rk BE VR
by sbout 100 g %‘é’%&%@e‘a&e@%%&ﬁﬁ?@?&t gl eI

H2: 250 cc/m g Zéé)ﬂfecéa%é‘tlmea'ﬁe enerated water 68 ¢io® contip@atid with
adj ust ed at 13’({[err]%1ualﬁd t heat er vvasg turned of f m dway),

t enper at ure dZjigdolétien 66PL.i Nl et end portion of the reactor body nmenber

(flange) 13 . rose by about 100[err]C and at the sane tine,
tenperature of the other portions exceeded the initial adjusted

tenperature of 120[err]C due to reaction heat generated, 20 and t he
reactivity was 99. 75% .
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In additjen, in No. 3 test (test was started wth H2: 480 c O X
480 : w}ﬁ\‘f‘/ ?ﬁrELA MRg r$actor tenperature adjusted atﬂ rm‘t E ||II|
ur ne(} * [ S *
13

t he-heater 19 Was of f m dway), tenperature

inlet end portion of the reactor main nenber (flange)

exceeded 350] dr, rA Proceds foregenesating/water fian bgdfigen and oxygen in which hydrogen
-40 - However, in all of No. 1 test to No. 3
test, gas tenper,ature h _a HL.e . <1 Q % j on
was hel'd at v GOeVEERAR SRPARELE FedliSh emyoned with dpBlial Beifedifc
reacted by ignition. Fig. 41 shows a relationship

bet ween passagetioh td rietivae aewpatfivity yofahydfegen and/oplowygendand ethet teactor
reactor 10 is used over a long period oftine, and curve C shows '

the reactivity as observed when react.or..i | ' | o

and Jerr]: ¥emperal’3ure 138’63’@3?19?‘51 %%low % l%mtlosh ’té?ﬁﬂer%ﬁ? to'??]}yélﬂ‘ﬁg?lggﬁ@r&s
when the reactor is used with H2: 480 cc/mn.; Jerr]: 480

cc/mn.s a | owentaigingfhydregeén to allowshysiragereind okypgen taireactand generatgrwiatari on
for 18 10 hour s. Fig. 42 shows a rel ationship :

between passaqq .ol ieviEdd dodiBhitio 6Py @b and oxygen.

2. The process for generating water of claim 1 wherein hydrogen and oxygen are
allowed to react while temperature at a vicinity of a hydrogen and oxygen inlet end
of the reactor is held to 200°C to 500°C and temperature in a vicinity of a water

10 outlet end of the reactor is held to about 600°C or lower.

3. The process for generating water of claim 1 wherein a supply ratio ofa volume

of hydrogen gas to that of oxygen is set to 1:not less than 0.5 or 1:not higher than

0.5.

4. The process for generating water of claim 1, claim 2, or claim 3 wherein the
15 water generated in the \ribinity of an outlet end of the reactor is diluted and gas

- containing water of an optional concentration is guided out.

5. A water-generating reactor in which cylinders made of a material having

catalytic action that can activate a reactivity of hydrogen and/or oxygen or 2
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reactd vity as observed when the reactor is used wth the regmmu"m “"J“II(I““I
tenperature held to about 400[err]C and the react
as tong as 100 hours, and the curve A shows the cast d&f M2:&efr]* :

= 1000 cc/m n ergtii‘fac f&ﬁfh@&m tals‘%c ]1=
1000 cc/ m n. %ﬂgg?drin&é\ gtigﬁ%%drlﬁgﬁtﬁ?ﬁlg case é%e said ca qcﬁbh
1500 cc/mn.: 500 cc/mn. respect ively A& I S cI
fromFig. 42, aeeptacadma@amgé@ f%rmgwag@ through whish bydrogen and Axygen fiows
(H2/ 02 <1/ 2) or hydrogen rich gas (Herr]/0O[err]>1/2), t he

wat er whild gﬂmﬁg b8AtabEHGth Minby wal sirPRYS ah@bf oifdWall berficdsofetheof
99% I 'ndi'catT ng that even. after | ong operatlon for 100 hours, no
deterioration of reactivity onfir Second
Enbodi ment cylinders, andaheatqrgs plaged HB %melﬁgﬁlth"ct’%%%g -sectional view
of a reactor related to a second enbodi nent of the third and the
fourth water-generating reactors according to this I nvention, and
corresponds to a 12th overall enbodi ment of a reactor of this

-41- invention. In Fi 43, .a eact r.21 is f.ormed

have a Short ¥l Ther Water-gegerating gactor of claiii 53 ?rﬁ@g drozen and 9}}’&%#}? i ng

menber 28 for diffusing a mxture gas is pl aced I nsi de, thereby

bringing gas ijftredhdedimtcdptingte of 4tledst bhaof thervytiadersnadiguidediRereantd flow
with this configuration, |ocalized tenperature rises of the platinum

coating film ?t%wards the outlet end, then guided outside the cylinder to return to flow towards

the inlet end, and is thereafter introduced into the inside of another cylinder from

the inlet end and guided therein to flow towards the outlet end.

10 7. The water-generating reactor of claim 5 or claim 6 wherein the cylinder is a pipe

made of nickel.

8. The water-generating reactor of claim 5 wherein the cylinder comprises nickel,
stainless steel, and Hastelloy cylinder portions connected in series, or nickel and
stainless steel cylinder portions connected in series, with the nickel portion located

15 at a water outlet end of the reactor.

9. A water-generating reactor in which columns filled with granules made of a
material having catalytic action that can activate reactivity of hydrogen and/or

oxygen:
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5 .+ .and the base carrier nenber is designed to be prevent
That is, in Fig. 43, nunerals 21 designates the reactor, 22, Zﬁn!HﬂM.lmll L””II,
body" menbers, 24 a gas supply joint, 25 a wat er and

take-out joint, 26 a - filter flange, 27 a reactor fixing boIt 28

a gas diffusion rrerﬁiﬁtere&ﬁ@ateﬁﬂabeewuefstofﬁbers made of theatnaterial havit, %lth@r

31 a filter retainer, and 32 the platinumcoating film The reactor

21 is formed in aly%hor cyllndrlcal formby air-tightly linking the two

stainl ess st ecfatalylic action;”  oact or main nenbers 22, 23.

A recess 22a, whose bottomsurface is a plane, is provided inside one of

the r eactlamihvtey orroreytoRd bodivd contiimptiin geeelsimadt of the Matkrial
supply joint 24, which is mounted on a rear surface, is_in free
conmmuni cation w th the r 2a. 15 A recess 23a, whose
botton1surfacé‘v¥mébﬁﬁwpﬁ¥ﬁcaP Oy ovi ded i nside the other | rect or
body nmenber 23, and a water and noi sture gas passage 25a of the water and
noi sturg gas t ake- auesh dodies? sporgebediesorfinahaped bodiss madé mafftheenatenal
conmuni cati on with the recess 23a.

addition, flanges 2 b..are.respectively formed at the front surfaces of
20 bot rF& ﬁl?r aﬁé 5@’3 22, 23, and the reactor 21 is

fabricated by air-tightgnanules, smtemeﬁdmagemmdsf | xhing $heetf |TamgasateXb hohdh comt
together via the filter flange 26, In this second

enbodi ment, bothediesngesh2Bbdied3b saogejem dnecshapeldebddiesd whose surfacey are

T o ok Bo o B s RS B bR SREGb BY

(illustration
these are placed in a casing, and passages are formed for allowing hydrogen and

10 oxygen to flow therethrough while coming in contact with said granules, sintered
materials, laminates, honeycomb bodies, mesh bodies, or fin-shaped bodies, and at

the same time, a heater being placed outside or inside the casing.

10. The water-generating reactor of claim 9 wherein the material having catalytic

action is nickel.

15 11. The water-generating reactor of claim 5 or claim 9 wherein a hydrogen and
oxygen preheating portion is installed at a portion for introducing hydrogen and

* oxygen into the casing.

12. The water-generating reactor of claim 5 or claim 9 wherein a whole or part of

a surface of the catalyst material in the reactor or a whole’

or part of a surface in contact glth
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meﬁf)er 2'8hcorrpri ses the rgm Eaf:'?gz' plate 29a, the' fil terng gaﬂ“l"l m“ﬂ“"‘lllll " Illl
etc:, and as shown in Fig. 43, it is placed in the recess 22a &6f thet "
ot oot or pi agas 9 b, sesiper BVIGRinE: Sqrwpnd and backward pipind WSbuetrs, is Mfror-

whol e surface is designed to be open, and it is flxed In a position
opposi te the surfaced-finished.eri al gas inlet on the bottom surface of the

reactor body menber 22. Simlarly, the reflector plate 29a' is
fixed at a position opposite a water and noi sture gas outlet at
the bottom surface of the reactor body nenber 23. 10

injected in the reflector plate 29a through the gas passage 24a of the gas
supply joint wxa’heomwr-gmrmmctoaofdaum&@rcm Pavhesemonwhale etcpar 9

and then is injected in an arrow direction through an open hol e

recebs 2a. 1 by st riH the formard il BacRVAEPIRIG sysHIR T el Regct

surface of the filter 30 and entering the recess 23a of the reactor body 15
menber 523. made of heat-resistant metal or corrosion-resistant metal.

14. The Water-generaﬁng reactor of claim 5 or claim 9 wherein a whole or part of
the surface of the casing in contact with gas, including the forward an'd backward
piping system, is covered with oxidation-resistant, reduction-resistant, or
corrosion-resistant protection film, or is provided with surface-treatment having a

10 performance equivalent to that of the protection film.

15. A water-generating reactor comprising a metal reactor body provided with an
inlet and a water and moisture gas outlet and a platinum coating film provided on
an mner wall surface of the reactor body, wherein hydrogen arld oxygen supplied
from the inlet are brought in contact with the platinum co.ated film to activate a

15 reactivity and water is generated from the hydrogen and the oxygen.

16. A water-generating reactor comprising a reactor body of heat-resistant material
. having an inlet and a water and moisture gas outlet, a gas diffusing member in

an internal space of the reactor body, and a platinum coating film on an inner wall -
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The gas i'njected into the recess 23a unifornmy collides agains
in contact with a whole surface of the platinumcoating film 3Lllilmmﬂfmmllll " I“l
t hereby catal ytically activat ed. IA ablditidh, 5 *
wat er and moi $hifEe BPthe 1RASRE bbly WiRréiAddsogehtarido8tieAatppliéd £dm the inletof

the water and noi g?ure gas passgjée 25a t hrough the 7%,fogen the 29b of the
reflector of the reflector plate 29b.. .I.n the enbodi pent

of Fig. 43, teadrdiffuseddry theygas zﬁﬁtgsms membgr gge (hyoyght into contactiwgﬁa ed

at a position opposite the water and noisture gas outlet, but the reflector

-43 - platinum coatgfifin 29 ActivERY a Beachivity] &l wardy Hereby gérihmed! frora
the reflector "plate 29a',” wat er generation reactivity can be

i mproved by about- 0.5 - 2.0% and, in particular, it has been
confirnmed thatth¢hYﬂme§é‘§éQ¥fygﬁ9dr ogen-rich reaction gas, the reflector

pl ate 29a' achi eves remarkabl e effects. 5 A
stainless steel filter with average 2 [err]mmesh is used as the filter 30,
and a plating layer of about 1 [err]mthick is used as the

platin usm coat| 1%9 ’Hle! Qat?é%-'generating reactor of claim 15 or claim 16 wherein the reactor body

is made from heat-resistant metal, and the platinum coating film is 104 t0 0.5 mm
thick and is formed by one of a plating method, a sputtering method, a vapor
deposition method, a cladding method, an ion plating method and a hot press

method.

10 18. The water-generating reactor of claim 15 or claim 16 wherein the reactor body
is made from heat-resistant metal, and the platinum coated film is a film 104 t0 0.5
mm thick formed on a barrier film of a non-metal material on the inner wall surface
of the reactor body by one of a plating method, a sputtering method, a vapor
deposition method, a cladding method, an ion plating method, or a hot press

15 method.

19. The water-generating reactor of claim 15 or claim 16 wherein the gas supplied
to the reactor body is an oxygen rich gas whose ratio of oxygen to hydrogen H,/O,
is H,/O, < % or a hydrogen rich gas whose ratio of oxygen is hydrogen H,/0O, is

H,/O, > Y.
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In th| 5 second enbodl ment, the bottom surface of the react or

22, 23 are designed to be spherical, but one or both thereof |mﬂl|t"mmrm|"|“|
as a pl ane(s). 10 Furthernore, it is altcsot »
possible to increase a depth size of the reflector plate 29a as -

shown in the dot tEkk Wated-gdnefiting rédcion of clatmelty whepgin ¢hes gas diffusing member
passing through a center portion of the filter 30.

addition, in this genbodi filter, 3 o]
surface i s deSPHPEECE A HE méﬁ%‘i?étp ee&o%@e%a%p Pastie &’r‘? b?lgiea%gfmg ﬁftgmgc&eflt er
30 which 15 has a filter portion (gas penetrating portion) at a

peri pheral sugbasRteamnt dOheasfl¥ctor plate or a refievtobplatesktatadyopposte theinlety at he
filter in this manner the reflector pI ates 29a, 29a can be

|OnmS|t élgdt he re@% rlogated; %WB?% o i the' f¥fietAdF Iﬁﬁ"‘}t |aH8 #j IFﬁE%tgP rgzﬁrﬁe]\%/’g?ted

| ocally heated by reaction heat,. and water generation can 20

conductsed wi t g pgsﬁtémetwb@temﬁﬂmcﬁsmgésmttktpl atinum coating film 32
mai ntaining it at about 500[err]C, and it has been verified that a

speci fied anount of wat er can be generated safely and
continuously under high water generating reactivity and
responsi veness conditi ons.

-44 - 21. The water-generating reactor of claim 16 wherein the gas diffusing member

comprises a cylinder, cone, or disk made of a filter ~ placed opposite the inlet. v

22. The water-generating reactor of claim 16 wherein the gas diffusing member

comprises a disk placed opposite the inlet and having a filter at a periphery portion.

10 23. The water-generating reactor of claim 18 wherein the barrier film is made of

at least one of TiN, TiC, TiCN, or TiAIN.

24, A process for controlling temperature of a water-generating reactor which has

a catalyst in a casing that can activate reactivity of hydrogen or oxygen and in

15 which hydrogen and oxygen are allowed to react with each other to generate water
‘at high temperatures, wherein an upstream-end temperature of hydrogen and

| oxygen under reaction in the said water-generating reactor is held lower than that

of a downstream-end temperature.
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Frg 44 shows a thrrd enbodi nent of the third and fourth wat
reactors according to this invention, which corresponds to a gg ﬂ"“l"rm””"l
enbodi ment of t he wat er-generating reacto In

conical filter 35 is inserted into a.reactor body rrerrber 34a :
formng a reacipr THe, pravessiforidoptdliig tdrieratur® cftthe wwate0géneditingd reactor 6f | M
36 is fornmed over nearly a whol e area of ‘an inner surface of the reactor

body react or 33 depi.cted
in Fig. 44, (oIS Sewhern the Easirm:engstewpmweohf hydroges sl grgen moder of
Fig. 43, a specified amount (about 1 liter/mn. or nore) of water

can be stably r@ggowsmticheldéiea ANGS o6 200°C £1d500°EPLAG ithe detmsaeadldndns
wi t hout 10 causing |l ocal overheating of the platinumcoating film 36. -
Regarding the filter 35 a center bottom portion

t her eof , oppostPF’é’eEP%’éiea‘iag?'hﬂ“éﬁQB&Q’aion let, to be a non-gas

penetrating portion, I's possible to furt her reduce an anobunt
of unreacted gas and an i nprovenment of water generation
reactivity is possible. Fig. 45 shows a systemoutline

of water gene equi nt u third and fourth

wat er - gener at .2% Adsocsss Qoam@h%mpem@ ofp watsrgeneratingirgactar which has
H2 desi gnates hydrogen gas, (err] oxygen gas, N2 nrtrogen gas for purge,
MFC1- a cdthiyat 8 TabingWhaoskn fitivatea rédceivity of wRfen addlin

TC6 terrperature measuri ng therrrocoupl es, err] - C\/[err] check
val ves, F[err filters,, 37a, 37b reh 38 an
Gerr) and vo HhighhydiRgepiag cgensropippelis aﬁé@@ﬁgﬁﬁmamam RssheAip 40
a sem conduct or manufacturing equi pment. _
water, wherein areas of contact between the catalyst in the casing and a mixture gas
are smaller on upstream-end reacting gases than on a downstream-end reacting L

10 gases to reduce reaction amounts of oxygen and hydrogen so that a temperature rise

at the upstream-end reacting gas is prevented. .

27. A process for controlling temperature of a water-generating reactor which has
a oatalyst in a casing that can activate reactivity of hydrogen and/or oxygen and in
which- hydrogen and oxygen are allowed to react at high temperatures to generate
15 water, wherein a catalytic action of the catalyst in the casing is designed to be
smaller on upstream-end reacting gases than on downstream-end reacting gases to
-reduce reaction amounts of oxygen and hydrogen so that a temperature rise on the

upstream-end reaction gases in the css.ing is prevented.

28. A process for controlling temperature of a water-generating reactor which has

_66-



Hydr ogen gas H2 and oxygen gas (err] suppl [ ed to the react or
either 21 or 2:2, and, in general, an Jerr]-rich mxture ga ﬂﬁmmmmﬂmmll
to the reactor 13.
-45 - An Jerr] and H2 supply gas pressure |s
sel ect ed to b / rPAikd
Jerr] = abou?’% Etﬁ/ajqasméﬁgtdgﬁaﬁgﬁ?&fg%c&wtg thrydmgéeﬂs%ggﬁé% it
and with 1000 cc/m n.. of water being generated. The gas
pr eheating coiWhichhydroges andoxygen are glpvv@ﬂ taceeact atchigh teraperagares ¢o geperaty

gas to an optional tenperature of about 200[err]C or |ower, but when
the M Xture 9agater, wherein &oﬁﬁoﬂ%ﬁﬁﬂ?ﬁ{g’éﬁé to bﬁﬁle@iﬁ%oﬁ'iafctﬂ%ﬁﬁiﬂﬁ GRalyst /2
is in general set in a nonoperating
The reactor 33 is equipped with_a heater and, where necessary, cool i ng
equi prent , durinige easingare seaitered fie redugereactem amaunts ofexysen aad hyidregen so
controlled to 10 not allow reaction heat to heat the reactor 33 to
over 50f[err] @%)Fh&d}lﬁ%’fll'%’f’ﬁ@ SRy temperature Fifecof(YRFtdeagcAt aeAGHing

r f rr r n lin n
ate) of (e éa in Iﬁge cas:L¥1g separtelvegtege cooling equi pent.

29. A process for forming a platinum coated catalyst layer in a water-generating
reactor in which a platinum coated film formed on an inner wall surface of a metal
reactor body having an inlet as well as a water and moisture gas outlet serves as a
catalyst for activating a reactivity of hydrogen and oxygen supplied from the inlet,
10 with the oxygen and hydrogen being brought into contact with the platinum coating
film to generate water from the hydrogen and oxygen in the reactor, wherein the
inner wall surface of the said metal reactor body is surface-treated by cleaning, tﬁen
a barrier film of nonmetallic material of oxides or nitrides is formed on the inner
wall surface of the reactor body, and thereafter the platmum coated film is formed

15 on the barrier film.

30. The process for forming the platinum coated catalyst layer in the water-
- generating reactor of claim 29 wherein the barrier film is made of one of TiN, TiC,

TiCN, TiAIN, A1,0;, Cr,0,, Si0,, and CrN.

31. The process for forming the platinum coated catalyst layer in the water-
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(Gorr]) and wator mi xing portion 36 mounted in a viein Ly o lﬂﬁlﬂﬂﬂﬂ’ﬂlﬂ W

of the reactor 33, is maintained constantly at abouf 120[frM Cs *
to prevent de%eﬁ%ﬁﬁ@%@édt@f‘oﬂélaﬂlﬁ 29 Whet'éﬁﬁhéri'e@ctﬁt BEdYH thad@ B s@inleaiRéel S
equi pped as i s required In this water-generating

equi prent, the re ion s 1 S ou e oxygen rich _
condition, butand Jﬁeg’ E’BF‘Eﬁé{G@fg}ﬁ‘El g. 42, needless to say, it may
be a reaction gas |n a hydrogen-rich condition. For exanple, when
formng a silicon oxi de fiIm(SI 02) or other films, reducing gas
‘can produce hi gher quality film In Fig. 45, :hydrogen
and oxygen ar e su i the reactor 33 us form
but |iquefi od 3 F[gﬁéﬂmggﬁ? fqr q‘f?é‘?’i‘%% &&?%;‘f%t&ds‘i?ﬂ}we@ye?m ‘the water-

i nst ead. Furthernore, in the water-generating equi pnent
of Fig. 45, hyéneasingasdttor of claim 29, claim 30, or claim 31 wherein the thickness of the
-46 - oxygen are prem xed at the mxi ng portl on 38 and

ey be 3 hiepe e S AL GhiE e tedagren SR is RiEnEY il ien ARRog AR

reactor 33.
or a sputtering method.

33. The process for forming the platinum coated catalyst layer in the water-
generating reactor of claim 29, claim 30, claim 31 or claim 32 wherein the
thickness of the platinum coated film is 0.1 - 3 um and at the same time the

10  platinum coated film is formed by an ion plating method or a sputtering method.
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| n addi tien, in the water-generating equipnent, Jerr] is mixed with
noi sture. 5 But, in addition to err], ,H2 or an inert gas may be
used as a diluting gas-for adjusting oxi dation and reduction

power, or N20 may be used forAB.swm@T@meeLossw
characteristics of Si and Si (Z. Ing the
wat er - gener ati ng equi pnent of Fig. 45, gas consisting of 1000

cc/mn. of Jerr] and 1000 cc/m n. of H2 were supplied and 1000 cc/ mn.
wat er was 10 continuously generated for about 20 hours, and at the

same time, inpurityYhefintéiftion further redtRE Y §ikE dndosf oﬂa%&%ﬁg&ogéﬁér&&ngf

the Pt coating filmof the reactor were I nvesti gat ed.

The inmpurity in th ener at ed er was anal,yzed, hQy a.flaneless atomc
absor pti on an¥edei §9g7ot9?‘yg% Y %H’&}ﬂé‘?ﬁ glg%e?\éméﬂ Water Hh agr aeoupt

ng/mliter 15 or less, and no inpurity conponent that woul d cause a

probl em was dgéceeéars for practical use safely, stably4ifd ddntinRssly, dnd ANSWS alpla@REhed
by SEM observat i onﬁjyan there were gart I y d?scol ored Sgr]t | ons but

peeling off of th coating. filmor excessiye change in . . quality.
ausedS by ox GOALPS fatalyal Taygdormed o} asuae wall of a readior body to maintaip high
addition, it has been proven that reactivity tends to be slightly |owered
20 with gaslytioactivity bver #longpened of tihe. Spécifieally,the #€adtér édmprises a

mai nt ai ned at a val ue hi gher than about 95% a practical -anount

ggn\é\ﬁ ? (r)ngfanelgéa y tade’ of 2°héi' 12368t material and %\éslrl_]lgl an %]%Ec ra]ndra!nnc rcl)utlet for

water/moisture gas, has a gas-diffuéing member provided in an internal space of the
body, and has a platinum coating on an internal wall surface of the body. Hydrogen
10 and oxygen fed from the inlet is diffused by the gas-diffusing member and then
comes into contact with the platinum coating to enhance reactivity, thereby |
producing wafer from hydrogen and oxygen. A temperature of the reactor for
generating moisture, wherein hydrogen is reacted with oxygen at a hlgh
temperature to generate moisture, is held to be below an ignition temperature of
15 hydroéen ora hydrogen;containing gas so that hydrogen is reacted with oxygen
while preventing explosive combustion of hydrogen and oxygen; The platinum-
coated catalysf layer on the inte_mal wall of the reactor body is formed by treating
| the surface of the internal wall of the body, cieaning the treated surface, forming
a barrier coating of a nonmetallic material of an oxide or nitride on the wall surface,

20 and forming the platinum coating on the barrier coating.
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e the*thrrd and the fourth mater generatrng reactors of thrs i nvention,

t he'

pl ati num coati ng frlnB are fornmed on surfaces of

bodi es formng the reactors
CIerr] and H2 gas.

rafe decreases as conpared that of a
pl ati num foil, platinum pipe or

as the catalyst material. Al so,

ni ckel
construction of the re

e teeren . - R L

47 -

inner walls
for contacting an Ctivating th
As a result, a pfatinumcopsunptio

convefiti onall @ torZusi &q

pipe with 5 zghntpla

t hensel ves can be sinplified, manufacturing costs can be reduced and at

t he reactor
re

t he sane tinme,
conpared to conventiona

bodi es can be greatly domhsrzed

as

ich use nickel, etc. as the

reaction material . I n addijti on, because a gas diffusing
device is installed inside each reactjor 10 body, the platinum
coating film the catalyst materigl. Jis not locally heated.

As“a result, peeling of the platinum
due to oxidation, etc., car
wat:er generation can
reactivity and high responsiveness

be contin

coating|film or surface degradatron

ectively prevented while stable.
ously carried out under high
condi tions.

FIG. 1

1y}
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~
>
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X

sl (sl (sl |8
toror
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13 - Furt her nore, backfire-prévention functions are provi ded by

the filter formng the gas diffusion nenber, so that, for
exanple, even if the m xture gas of H2: Jerr] =2: 1 fills the
rector under atnospheric pressure and the mi xture gas is ignited
at the downstream end (secondary end), a flame does not propagate to the
upstreamend (primary end). 20 As a result, when the filter
is used as a gas diffusion nmenber, exBIGsién prevention is
greatly inproved in the reactor. As descri bed above, the
rector for the third and the fourth water-generating equi prnent of
this invention can supply m xture gas directly to the reactor inside,
-48 - wi thout requlring preheating of the mxture gas, by
utilizing the high catalyst characﬂbristias of fgatinum and
even if oxygen-rich or hydrogen-rich&gixture as IS used, a
practical water generati anount of ¥v1000 cc/nyn. or/nore tapgpbe easily
be obatained safely with co rat s Vgl d and
excel | ent 5 éﬁra i .
Process for Form ng ati ' ' tilgr-generating
react or ;d
H;+02 S \ H20
P npiplniilleg el luptp iyl l
‘ZM@ \ 2 jﬂﬂ}l}ﬂ
\ e Siiielpbulplpbiyl iyl
N { N
M :::::::‘::::::::::::::::;)Q
N¢ L 4
N g il sl jinlppliylaylluliuplyiglelntpgtn: |
) L N
1b
FIG. 3

1
e \ b la e

7
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H;+0, \2 H20
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The wafer-generating reactor of Fig. 43 has excellent effects as follows:
(1)" an anmount of platinumused is reduced, costs for manufacturing the
reactor are | ower ed, and construction of the reactor is
sinplified as conpared to reactors using 10 plati numfoil or

pl ati num pi pe, platinum plated nickel pipe, etc. as catalytic

materials, and (2) by making best use_qf the high catal ytic characteristics

of pl ati num the m xture gg Geaft be supplied directly into the
reactor w thout preheating and even with an oxygen rich or
hydrogen rich m xture gas, water in an amount required for
practical application, exceeding 14liter/mn., can be safely 15
gener at ed. Ho er, whenqthe platinumcoating filmis
directly forned on a netallic i substfate, tha platinum coating
filmsonetinmes suddenly | pRles catal'ytic actiyity ( er
generating is carried out I T IS,
upon feeding H2 and et re gas 20
(H2 + Jerr]) reacts and yht } ; ygneration
t akes pl ace H2+Q2cony| plousTy over afong tine, the pl i un1coa¥iQ9
filmsonetinmes | osses_the N cat-atytc—actvity- = 2
Fig. 46 shows ag i f OSSO At at e ATt vty TR Wi i m
coating filns ar A i | i
reactor of 25 t copswfuction of Fid. 38, wth the cqgél ti ctivity
bei ng | ost when the react \f“ I kl’
-49 - IN| INR
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i s confinuously operated for a long tine.
surface of stainless steel

t he' i nner

SR T TR A Rtms tamye RO E fviisuaAm o mhwm THvimmmem w b -

(A):

is

T A e, 2

- After
which forns the reactor

pol irshed and cl eaned to renpbve a passive-state film a N filmof about 0.1
. [err]mthick is formed by plating, and a platinumfilmabout 0.3
[err]mthick is formed by plating 5 on this N film _
(B): After the inner surface of stainless steel which forns the reactor is
pol i shed and cl eaned to renove the paB3Bvebstate film an Au film about 0.1
[err]m thick is formed by plating, and a platinumcoating film
about 1 [err]mthick is formed r(glating on this Au film. 10
In Fig. 46, curve Alerr] shows changes of a action rate of H2 and Jerr]
W th passage of time when sanple A is used at 300[err]C, while

curve Alerr] shows changes of
sanple A tenperature is |lowered fr
Simlarly, in Fig. 46, “
and Jerr] 15 i
curve B2 shows changes of

sanple B tenperature is | owere
Test conditions, such as di nmens

gerr]

H2+02

8a

fate with time when the
K 120[err] C.

\ Of a reaction rate of H2
at 400[err]C, while
Wi th tinme when the

120[err] C.
amounts of H2 and

FIG. 7
3 3 -
Hz0
8b 8¢
 FIG. 8
la 3

\
A
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\
\

b
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suppligd to the reactor, etc., are the sanme in each test. 20
As'is clear fromFig. 46, in sanple A when at the 300[err] C tenperature,

t he- reaction rate, which is about 98% at the beginning, |owers
to a level of about 70% after it is used for 5 hours (curve
Alerr]). -50 -

When the reaction ratio is neasured with the tenperature |owered from
300[err]Cto 120[err]C, the | owering BSthe reaction rate is nor e

enphasi zed, as is shown in curve Alerr] and the reaction rate, |
whi ch is about 98% at the beginning, |owers to about 28% after 5
hours (curve A2). 5 1 Simlarly, for sanple B, when carried

out at 400[err]C, the reaction rete, which 1a 3 i s about 98% at the
begi nning, lowers to about 93%afv¥er it is uged foy 2 hours
(curve Blerr]); and when t hEltenper &t W @ i g 2006 4

120[err] C, the reacti 02 - - .
The inventors conduct%n PS anal ysis on the stainless stepl inner

surface 10 af t er JadFETTAS gener ated Wi ine sanpl e~ (0.1 [err] N
err]nPt) for 3

lllll r v . v v P 0 a2 s |

err

,,,,, I A A S B N

+ 0.3 [err] nPT) and sanpl
hours at 400[err]C, unJEi

H20

FIG. 10
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conditi'ons in order to investigate the causes of the falling catalytic

activity (that is, falling reaction rate) of the platinum
coating film as described above. Fig. 47 shows XPS
anal ysis results of the external surface of sanple A and 15 Fig. 48

XPS anal ysis results of the external surface of sanple B, respectively.
In Fig. 47 and Fig. 48, the abscissapscexpzessed in etching time, with 1
m nute of etching tine corresponding to a filmthickness of about

60-70[ err]. As is clear fromFig. 48, in the case of
sanple B, Fe and O exi c%n | ar ge anounts in the surface |ayer
portion of the coatiﬁ&f Z2non the stainless steel 20 face after
it is used for 3 hours,jand t existingggnount of3Pt is extrenely snall _
(about 5% . That is, ity is ingicated that,since th ext er nal %ﬁrface | ayer
portion of efogting filmis)occupied by iron igehes such as
FeO, etc., and the Pt y Nogver i ng of
the reaction rate res s;// '
-51- o s 4 1n the case
of sanple A, it is sug ortion of
the coating filmon the esiey : it is
used for 3 hours is o [ofy by N and O, and the comnmpong S nearly
Zero. ;\, S S O T O S S SS SSS SIS S NRS SIS ISN
A |
A b2 / 7
H20 -1 H2+02
FIG. 13 :
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That i85 the results displayed in Fig. 47 and Fig. 48 i ndi cate that because-

of *' 5 the tenperature rise of the substrate stainless steel or N
film caused by the reaction heat when water is generated, N or
Fe is diffused in-the platinumcoating filmfrom t he substrate

metal, and this is oxidized in the platinumcoating filmby the

oxi di zing environnent, which is a nmain cause of |loss of catalytic activity
of the pl ati num coating film 10 The test results
of Fig. 47 and Fig. 48 indicate that a material which does not

contain any Ni or Fe conponent and which does not generate oxides in the

pl ati numcoating filmis best suited as a substrate film (barrier film to
be forned on the stainless steel suv#&eb
Therefore, the inventors of thisji 5
15 the high catalytig acti
mai nt ai ned over a | ong H

by using a filmwhich superei;;?—
di ffusion caused by heat as a

a¢l usi on t hat
 be

enperature

bt al

| ed

bet ween the stainle ste¢l and |

Based on the above-menti d co nvention 20
have formed pl ati num coat ¥ng cat barrier
films of Mari o t on i nner

and at the

T [
mate-generating reactors,

. \
surfaces of stagrm ess-9

sane tinme, havg carrred out watef generating .tests us|ng each
pl ati num coating catal yst nd i nvesti gated changes of the
wat er generatign reaction catalytic activity) occurring jpth tine.
-——>
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-52 - "% This invention of a process of formng

pl ati num coati ng catal ysis | ayers of wat er-generating reactors is
based on the above-nentioned investigation results. Enbodi nent s
of the Process for Form ng Platinum Coating Catal ytic Layers

Fig. 49 shows a vertical, sectional view of a water-generating reactor for

5 practicing the process of form ng the pl ati num coati ng catal ysis
| ayer of this i nvention, an8Ifn RPg’ 49, nuneral 21 designates a
reactor, nunerals 22, 23 react or bodi es, nuneral 24 a gas supply

joint, nuneral 25 a joint or.r er @ hsture gas,
nuneral 26 a filter flange, ﬁ ea gr/?igﬁéggmmneral

28 a gas diffusing mer’q)ﬁr nurrera S 29a, 29a' reflector plates, nuneral 30

afilter, 10 nureral [31°a filtef 'r&thiner,  4nld niredal "41 Tg] pl ati num
coating cat al yst Layer. The reactor 21iis forméd in a sly@®
cylindrical shap%<by ai Fightly 4inking two staiinl essA / st eel
(SUS316L) reactor® bodie =2, 23. B cause & ptructure

B

1 to the

of the water-genefting re
I n Gpnjunction

4 49 is identi
fourth water-genegating reactor of t

[ nvent [ on

I be

15 with Fig.<43, abderarted-exptan “he-oni-gted:
In the water-genepating reactor of Fig. 4 platinam coat 1 pd| cat al yst
| ayer &&is forped on tihe entir ar®cdT¥E 2hf Jeact or

—#—m/z18
—a&—m/z 32

body 23 nade of SES316L4
07]

C
.

lon Inte
N
L R L I B 1 §

0 1 1 1 1 d L1 1
0 100 200 300 400 500
Temperature (C)
FIG. 16
H2 : 02= 20% : 10%, 75scc/min
) 3 TTTT | I e | T T T 7
— . .
a.:< ! —e—m/z 2 .
Q i P };lz —8—m/z18 §
x 2t —a—m/z32 [
- i 1 H20
7}
g 1/ Q2 o
£ - -
: . o
O i ]
0 i 3L /1 K | T i | TS W M | }
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and, as' shown in Fig. 50, after a TiN barrier film42 is forned on the
body 23, a platinumcoating film 43
The pl ati num coati ng catal yst

i nner surface

of the reactor

is formed on the barrier filmd42. 20
| ayer 41 according to this invention is forned of the
film42 and the platinumcoating film 43.
of the platinumcoating film43 is pr

[err]m and,
be about
- B3 -

preferably fromO0.1 [err]m
barrier film42 is about1_52

in this enbodi nent,

t he

1 [err]mthick.

. thic
H?B Q r—'i"m
e

hi ck.

rlm

e
% 3,259,958k

barrier
A thickness
y fromO.1 [errmto 3

mcoating film43 is forned to

md2 is

M) the TiN

Speci fi ¢ Exanpl e of

Process for Forming Platinum Coatlrdg™Catal yst Tayel ~ + "1 © * + "] I n
form ng the platinumcoati c&a yst Tayée 1, thé recessked inner] surface
5 of the readtor bo 23 forimed in a sp®crfRe shapge IS prgperly
surface-treated an® X variious nmetadl oxidei{iTms an %)assi:v?_!i@ate '
films naturally for®ed on & §gtarmtess S / L ved.
Any nethod may be uSed flér [this®ur Mize 2 rBatrent- When
the surface treat of tHe|i-rmr— Al pgeiof the
E [ | —&— m/z 32
177) "
& -
2 5
£ - ]
5 L A — 102
F 5 . ]
O MR ] I 20} I S N T | it _J 1 l 1 N
0 50 100 150 200 250
Temperature (C)
FIG. 18 .
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Fa N
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conpl et'ed, the barrier film42 of TiNis formed. In this enbodinént, a TiN
film42 about 2 [err]mthick is fornmed by an ion plating
For this barrier film42, TiC, TiCN, TiAIN,

barrier 10

met hod.

etc. may be used in addition to
t hi ckness of the barrier film42 is suitably fromO.1 [err]mto 5 [err]m as

descri bed above.

the barrier 15

and,

This is because if t

on the contrary,

functions are unablet

takes undue tine to for
t hi ckness is nore than

from
peel i ng-of f,

etc.

substrate stai nkfss el.
}fé 'SQEyTE$S

if the

éhi

Ti N.

[RAREA

t hi ckness exceeds 5 [err]m

NicTabe {1/4.0nch b@?ﬁ@)?}fﬂ%ddi ruston
ised by di 11 er ences

The

f%ness Is less than 0.1 [err]m
0 be satisfactorily carried out,

it

1T 13 [ B LR
n ion sputt
nmet hodl, eytc.| or chem cal
et-hod;it sprayi ng

L: 1 lf(:l
|rn42.//'z‘t\j\__j
-0,

I n addition
I ng

of the
of expansion, etc. na§ gcctr upsn heakrng. " [ 207"
to the ion plating nethqd, it §s possible t® use &
met hod, PVD net hod suchjas vacuum vapior depésiti or
vapor depositionq;ethdd ¢ EVDprocessy--hotpress
process, etc. asgthe metthod tojformthe barfier fi
-54 -
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Ugon codnpl etion of the barrier film42, the platinumcoating filn143 i's
subsequently fornmed on the barrier film In this enbodi nent, the platinum

coating filma43 of about 1 [err]mis fornmed by the ion plating

met hod. The thickness of the platinumcoating film 43
is suitably fromO0.1 [errjmto 3 5 [err] mas described above. This
is because if the thickness is 0.1 [err]mar less, the film has

difficulty causing the catal ytic acti Vi Ser a | ong period of tinme, and,
conversely, if the thickness exceeds 3 [err]m the cost of formng the

pl ati num coati ng film43 rises; and even if it is forned to be 3
[err]mor nore, there is scarcely any S|gn|f|cant difference in
the catalytic activity or its worki addition, 10

peel i ng-of f due to expansion di ffer E“%?ﬂé 5%9 g-:lcur at the time of

heat i ng. As fhe: th 67 9% m 889 ati num coating
film43, it is possibleg to use an2 i on sputterlng net hod, a vacuum

vapor deposition nethod, |a ¢chenl cdl’ Vcda?" TP T Tdepds f:ii;iﬁthd’ a

hot press nethod, etc. iﬁ»addlt on toithe |0n pl atiing netjhod;

and, in addition, if thelbarrief filmi42 is nade off an elgectri

conductlve naterlq; 154 sucHas TN, eLo arptatimy TESS nag be
enpl oyed. 0 FH g. 51lijshows change< W t ime of a water
reaction rate in awater- géneratiing reagt op”1 ni whi chythe

pl ati num coat i ng hat al @st—+ayeri-4i-had-been-#orred Byt his

i nventi on. o) First of all,} the r@cess 23a of f{he reactor
body 23 of the re@tor 1fof Figi 49 2§ wa $urface-treatbd usi ng
chem cal deterger ang LhanwmasmihemoannLermLLI.ndzwma Th-N film
of about 2 [err] hi ck was formed byithe iadn ating netihod, ahd then, a
pl ati num coati ng | m 43fof about 1 [érr]m tihifk was further foymed on it
by the ion (a9 p! ating. n’}‘eihnri And....LsA.ng..L.Ai.s..water-.gener at i ng
react or equi pped with this f i

LllIlllll

0 3 |
0 25 50 75 100 125 150

Flow Rate of Gas mixture (scc/min)
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e TeRbmERmE T B L L Y

pltati mum coating film 43, a water generating test was carried out at

400[err]C for a total 25 of 10 hours by allowing H2 to flow at 500
cc/mn. and Jerr] at 500 cc/mn.

- 55 - That is, 1) tenperature was |lowered to
120[err]C right after water began to be generated at 400[err]C

(when T = OH), and under this condition, a first water _
generation reaction rate was neasuredFIB. t3%n, after the tenperature was

al | oned to return to 400[err]C and water was generated for 1 hour
(when T =1 Hr), tenperature 5 was again lowered to 120[err]C and a
second neasurenent was carried out on the wat er generation

ol Towed to et urh ?2"4351* ﬁib&éﬁﬁ&(aiiﬁ ERX RGO s (7 -
\Il-\g)s carried outtgnrrpﬂ]gt l%?b/é 3&%?2@%&@@4@ rrzsﬁls;:lgrrent

thereafter, after th#0t trowedT 0T T oTTErTr ) t o
400[ err] C and wat er. was[generated for 7 hours (iT = 10 Hr), at fhis point,
the tenperature aas Io bred to 120[err]iC and a fobizt(]h reasur engnt was

carried out oh..t.he.wai.ef.. gene;r -atd.en.-Lieacki-on-ikat-e-
In the water ger}gatlon -t est i ni whi cHzt:he t enpe re ias | owered to
120[err] C, - A grr] was:ialloyed to flow 0 dc/mn. 3agnd H2 at 50
cc/mn. into theX nsigelof.. LB gl .. er..gfherat.i.ng.f.urnace and the
wat er generation Tate was neasufed. The curye A of Fig.
51 shows the vvat-a’ generation reaction el g —m/z 2

e 4 ; —#—m/z18

o - 02

£ s —k— m/z 32

c 2

o i ’

0 [ P S N | N { S [ S B |
0 100 200 300 400 500
Temperature {C)
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when tenperature was |owered to 120[err]C in cases 1) - 4).°

The reason why the water generation reaction rate was neasured with the
temperature | owered from400[err]Cto 120[err]Cis that, as is clear from
Fig. 46, the |ower 20 the tenperature, the nore greatly is the change
of water generation reaction due to deterioration.

The water generation reaction rate is conputed froma neasured anount of
gener ated wat er and neasured anounts FEIE e23¥] and H2 suppli ed.

The curve B of Fig. 51 shows neasurenent results of a water generation

-56 - reaction rate under exactly the sanme conditions as
for curve A using by film
about 2[err]mthi CNF%Mi&I Qh@ guZchsmmm 500@Q
recess 23a of the reactor body of he—s @GP ap@@a g he ion plating
met hod and then the pl adi nunzcoatl ng tilm about 1[err]m
thick, was forned on Phg NI * 5[ " ' T barripr T11n rt'h ‘roh'dl ati ng
met hod. . As |s clear froma com:arl sonj betwegn t he curve
A and the curve Bin Fig. -
= 4
o~
o /<.
o i
=
=] 2.
= A i
Q
C ./’—_/
0 A1 ] 'l 1 l L] 1 L I ] l ] 11 L I L L L L 1 Il 1A L )] L |}
0 25 50 75 100 125 150
Flow Rate of Gas mixture (scc/min)
FIG. 24
5007C, 25scc/min
RESPONSIVENESS (AFTER STOP OF GAS SUPPLY)
7 T T T T T T ' | HZO
— 6 '
LS T 4
X -
_g‘ B / —m— 18 (25cc) | -
@ . 3 —a— 32 (25cc) I
g | ’ -
= 2
c - / ]
S 2
R _ 2 O
0 H:.::/m:x:::x:x:éb

Time (sec.)

13,35



51, whén the TiN barrier film42 is provided (curve A), it is possible to

hol'd t he catalytic activity of the platinum coating catal yst
| ayer 41 at a nearly.constant high catalytic activity state over
a long period of tinme. 10 The curve A of Fig. 51 shows
changes with tinme of the water generation reaction rate observed

when the 2 [err]mthick TiN barrier fllfr?n4 was provided.
Further, neasurenents were al so taken Fg nges with time of the water
generation reacti on under the sanme conditions as those of the curve A of

Fig. 51 in the cases in which, TiALN, TiC TiCN, and A1203 barrier
films 2 [err]mthick were 15 pr50QQd 5SCG:/mmJIt w th each of these
barrier filns, the changes o g rate with tine
were nearly identical 1to thoEEeéo tal ne (fﬁ F%eHZI' ‘@Nﬁﬁﬁﬂﬁ?ﬁ barrier film
and an undue | owering 3f the wa ‘gerferatroh réacilion raf € Was Jnot

siince. the rhances of the

observed. - As descr
wat er gener ati on &gacflor—rat-ePe-rm
prevented even wi®h the 41203 b agsyned t hat
t he changes of th®©watjgr lgener.ai.i. A be
effectively preveﬁ;ed asiwth t ' Jif the
barrier filmis 8 made
Cr2@, Si2, CrN, _
anal ysis of traceX®l enentfs in
generati on was car‘é’i ed T

-57 - o

's-factorily

ener at 6
200 erriicCf

Time (sec.)

FIG. 26
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eems e as N T Ot N ke @ ae st heen sabewnts” el e L, Sns eatie Asnd ua.,,.

usi ng t'he water-generating reactor of Fig. 49, to mhlch this invention was

applied (the one used for the neasurenent of curve A of Fig. 51).
TABLE 6 El ement Fe Cr

Ni Pt 5 Det ection concentration 0.17 0. 037
<0. 05 <0.01 (ng/ nL = ppb) Det ecti on
limt of the detector 0.02 0. 02 0. 05 0.01

(ppb) An anal ysis of above trace el enents was conducted
by a graphite reactor 10 heat.i ng- at om ¢ absorption anal ysis process
(pol ari zati on Zeeman atom ¢ absorption phot onet er avail able from
-Hitachi) for Fe, C& and Ni, and by an I CP mass spectronetry (I CP

mass spectromneter avai | abl e from Sei ko Denshi ) for Pt

As is clear from T Table 6, tracg elenents in the generated water are al
extrenely insignificant. It |s‘ilear that Pt is scarcely dissolved into
water fromthe 15 platln‘h coating film43, because Pt existing in

t he neasuring systemis only the portion of the pl-atinum coating
film43. In thadprocess for formng the platinumcoating
catal yst layer of this i¥vention, after the inner wall surface of
the water-generating reactor is cle e barrier filmof TiN,
etc. is formed on it, and thereafter atlnun1poat|ng filmis

27

. FIG.

i
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i,

TCi

15/385



TTTTTTN RN .

20 *t formed on the barrier film As a result, "even

when the reactor body is heated to a high tenperature of about
400{err] C., diffusion of metal conponents of the substrate form ng the
react or body into the platinumcoating filmcan be al nost

conpl etely prevented by the barrier filmof TiN, etc., and the
rate of formation of netal oxides in the platinum

-58 - coating filmcal®lte @8atly reduced, and the high
catal ytic performance of Pt is able to be stably maintained over a
| ong period of tine. It is possible to economcally form

the platinumcoating catalyst layer 41 in . Eigh efficiency and with
a m ni nrum anount of ;),I i num.,on the suHm'ceQ@T:'-tzle st ai nl ess st eel
reactor body, and ﬂ jt’?&%%ﬁ%mti me it is possible to maintain the water
generation reactio ﬂﬁt S MAe reactor at a nearly constant |evel over a
tinme

| ong peri od o vhile, at the sanme tine, the generated water
i's not cont amgggf:ecrvvl th di ssolution of Pf.
)l \

800t | /

/ inside

_ 1 temperature
ignitedﬁ : \
700C
not ignited / k

Ni tube temperature
|
i

- 600C

60sec
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620C

' FIG. 29
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WHAT. 1°'S CLAIMED |'S: 1. A process for generating water from
hydr ogen and oxygen in which hydrogen and oxygen are supplied
into a reactor equipped with a nmaterial having catalytic action

to activate a reactivity of hydrogen and/or oxygen and the reactor
tenperature i s maintained below an ignition tenperature of hydrogen and gas

5 cont ai ni ng hydrogen to allow h droan and oxygen to react and
generate water whi |l e preven?ﬁﬁb dmbust i on” of hydr ogen and
oxygen. 2. The process for generating water of claim1 wherein
hydr ogen and oxygen are allowed to react while tenperature at a

vicinity of a hydrogen and oxygen inlet end . of the reactor is
held to 200[err] C to $Q0IGOsdk d tem%"&at@ﬂe:i 8 a I/i cinity of a water 10
outl et end of the reagzgr:ﬁiséc ’rfj to about 600[err]C or |ower.

3. The process for gegﬁbﬁglng water of claim1l wherein a supply ratio of a
vol unme

800C

inside
o //_——————~'“““——__—Jk._ - temperature
700C : \\

ignited \ / _
| o

A(Ni tube temperature

60sec

18/85
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of- hydrogen gas to that of oxygen is set to 1:not less than 0.5 or 1:not
0.5

hi gher than . 5. 4. The process for generating water
of claiml1, claim2, or claim3 wherein the 15 wat er generated in
the vicinity of an outlet end of the reactor is diluted and gas

containing water of an optional concentration is guided out. 5.

A wat er-generating reactor in which cylinders nmade of a material having
catalytic action that can activate a reactivity of hydrogen and/or oxygen
or a - 60-

mat eri al whose surface is covered wth the material having the said

catal ytic action are placed in a casing to form passages through
whi ch hydrogen and oxygen f] ows whi | e nak'Pg contagt with inner
wal | surfaces and/or outer | ] qurfakpc of th /

32

!

temperature at . (inside
gas mixing portion temperature)

FIG.
Hz:02=4:3
ignited at tube end.~\\N/

60sec

. Ni tube temperature

75scc/min
not ignited

: 100scc/min

H2
02:

610°C

800%C
700°C
600°C
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cylinders, and a heater is placed outside or inside of the casing. 5

6. The water-generating reactor of claimb5 wherein hydrogen and oxygen are
i ntroduced into the inside of at |east. one of the cylinders and gui ded
therein to fl ow towards the outlet end, then guided outside the
cylinder to return to flow towards the inlet end, and is
thereafter introduced into the inside gb anqt her cylinder from

the inlet end and guided therein to f : rds the outlet end. 10

7. The water-generating reactor of claim5 or claim6 wherein the cylinder
s a pipe e 'dyqﬁ : 8. The wat er-generating
reactor of claimb5 mhgﬁglngﬁgjcy Fﬂder conpri ses nickel,

stai nl ess steel, and Ogst eVB8gcdmmimder_p cted in serjes, or
ni ckel and 2 Gnless steel cyl|nder portions connected in
series, with the nlckg

[ ., W [ rtion |located |[L5 out|l et end of
t he reactor. ,/”'—_QL

/
|

700°C / _ \
| \

ignited
AN S~
temperature at
gas mixing portion (tgﬁﬁg?atureigj
600°C
[fNi tube temperature
" B0sec
FIG. 34
: Pt (10.05xw5 X2100mm )
T T
XXXV——ﬂ
AN TQTQDQ&SNQVQQQQQQBNNNQQQG&&S&NNQQ\
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9.~ A water-generating reactor in which colums filled with granul es nade of

a mat eri al having catalytic action that can activate reactivity
of “hydrogen and/ or oxygen: _ :

-61 - : sintered material of powders or fibers nade
of the material having the catal ytic action;

| am nates or honeyconb bodi es conprisiphg tRign sheets made of the material
having the catalytic action; 5 nmesh bodi es, sponge bodi es,
or fin-shaped bodi es nade of the materi al having the catalytic
activity; or granules, sintered materials, thin sheet

| am nat es, honey conb bodi g&\Ksh Hpodi es, sponge or fin-shaped

bodi es whose surfaces are {%?%;5%- with the material having the
catalytic activity are placed or \uéél}js t hese are

placed in a casing, and passages are Y\Q\NB¢

Pt
FIG. 36
T T N(Ni+Pt coat(t01xw5 x 250mmx2))
T1 T2
E H
XXXVII—j
— A

XXXVIL—J

FIG. 37
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100 " oxygen to flow therethrough while coming in contact with said

granul es, sintered materials, |am nates, honeyconb bodi es, nesh
bodi es, or fin-shaped bodi es, and at the sane time, a heater
bei ng pl aced outside or inside the casing. 10. The

wat er - generating reactor of claim9 wherein the material having catal ytic
action is nickel. 15 11. The water-generating reactor of claim5 or
claim9 wherein a hydrogen and Fla. 5gygen preheating portion is
installed at a portion for introducing hydrogen and oxygen into
t he casi ng. 12. The water-generating reagtor of claim5 or
claim9 wherein a whol e or payjt of a surf of the catal yst

material in the reactor or a or part ¢f surface in

contact with Vi 20 62
19 I
F/ / t12
b / ¢

FIG. 39
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S et T

gas ofi«the casi ng, inéluding forward and backward piping systens, is

mrror- surfaced-fini shed. 13. The water-generating
reactor of claimb5 or claim9 wherein a whole or part of t he
casing, including the forward and backward piping systemof the reactor, is
5 made of heat-resistant netal or corrosion-resistant netal.

14. The water-generating reactor of claim5 or claim9 wherein a whole or
part of the surface of the casing in contact with gas, including
the forward and backward pi ping system is covered with

oxi dation-resi stant, reduction-resistant, or corrosi on-resi stant

protection film or is provided with surface-treatnment having a 10
per formance equivalent to that of the protection fijJm 15. A
wat er - generating reactor conprising a netal reacto bodiﬂprov1ﬁed with an
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inlet 'and a water and noisture gas outlet and a platinumcoating film

provi ded on an inner wall surface of the reactor body, wherein
hydr ogen and oxygen supplied fromthe inlet are brought in
contact with the platinumcoated filmto activate a 15 reactivity and
water is generated fromthe hydrogen and the oxygen. 16. A

wat er - generating reactor conprising a reactor body of heat-resistant

mat eri al having an inlet and a water and noi sture gas
outlet, a gas diffusing nenber in an internal space of the
reactor body, and a platinumcoating filmon an inner wall

- 63 - surface of the reactor body wherein hydrogen and

oxygen supplied fromthe_inlet . — and diffused by ghelqa @>f f usi ng
menmber are brought iphto cohtact with the pl atinum coafi g film
to activate a reactiyity, and water| i s thereby gE!erated from |
O = .
~
")
R O 4
Q
O .
L. g -
pl 0
=
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- o -1
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q -y
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w L 4 O
3 o 2 g
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N o wn
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t he hydrogen and oxygen. 5 17. The water-generating reactor of
claim 15 or claim 16 wherein the reactor body is made from
heat-resi stant netal, and the platinumcoating filmis 10[err] to 0.5 nm
thick and is formed by one of a plating nethod, a sputtering nethod, a
vapor deposition nmethod, a cladding nethod, an ion plating

nmet hod and a hot press nmet hod. 10 18. The

wat er - generating reactor of claim15 or claim 16 wherein the reactor body
is made from heat-resistant netal, and the platinumcoated filmis a film

10[err] to 0.5 rm thick formed on a barrier filmof a non-neta
material on the inner wall surface of the reactor body by one of
a plating nethod, a sputtering method, a vapor deposi tion
nmet hod, a cl addi ng hod, an ion plating nethod, or a hot press©15
met hod. 19. The Yater-genérating reatt or of clainm 1&or claim
16 wherein the gas|sppplied
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to thelreactor body is an oxygeh rich gas whose ratio of oxygen to hydrogen

H2/ 02 Is H2/02 < [err] or a hydrogen rich gas whose ratio of
oxygen i s hydrogen H2/02 is H2/derr] > 1/2.

-64 - ' 20. The water-generating reactor of claim 16 wherein
t he gas diffusing nmenber conprises a reflector plate |ocated

opposite the inlet and a filter |ocat G. 4 downstream of the
reflector plate or a reflector plate ocateg opposite the inlet, a
filter | ocated downstream of the reflector plate, and a reflector plate

| ocated 5 opposite the water and noisture gas outlet.
21. The water-generating reactor of claim 16 wherein the gas diffusing
menber conprises a cylinder, cone, or disk n?qe of a filter
pl aced opposite the inlet. [;—
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22. The water-generating reactor of claim 16 wherein the gas diffusing-
nmerber conprises a disk placed opposite the inlet and having a
filter at a periphery portion. 10 23. The water-generating reactor
of claim18 wherein the barrier filmis nade of at | east one of
TiIN, TiC, TiCN, or TiALN. 24. A process for controlling
tenperature of a water-generating reagii@y, W ch has a catal yst
in a casing that can activate reactivity of hydrogen or oxygen and in 15
whi ch hydrogen and oxygen are allowed to react with each other to generate

wat er at high tenperatures, wherein an upstreamend tenperature
of hydrogen and oxygen under reaction in thgjai d

wat er -generating reactor is held | ower than that = of a

downst ream end t enper at ure. j

-65 -
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25. The process for controlling tenperature of the water-generating reactor
of ~ claim 24 wherein the upstreamend tenperature of hydrogen and
oxygen under reaction is held in a range of from 200[err]Cto.
500[err] C and t he downstream end tenperature is held at about
600[err] C or | ower. 5 26. A process for controlling tenperature of
a wat er-generating reactor which has a catalyst in a casing that
can activate a reactivity of hydrogen or oxygen and in whi ch
hydrogen and oxygen are allowed to react _at high tenperatures to generate
wat er, wherein areas of contact between thelcatalyst in the casing and a

m xt ure gas are smal | eeeﬂlpstr amend reacting gases than on a
downstream end reacting 10 gases-fqrfiduce reaction anmounts of oxygen

at the upstreamend

and hydrogen so that a tenperature rise
|

reacting gas is prevented. o o
| i
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27. A'process for controlling tenpéerature of a water-generating reactor

whi ch has a catalyst in a casing that can activate reactivity of
hydr ogen and/ or oxygen and in whi ch hydrogen and oxygen are
allowed to react at high tenperatures to generate 15 wat er, wherein a

catal ytic action of the catalyst in the casing is designed to be

smal | er on upstreamend reacti ng gases than on downstream end reacting
gases to reduce reaction amounts of oxygen and hydrogen so that
a tenperature rise on the : upstreamend reaction gases in the
casing is prevented. 28. A process for controlling tenperature
of a water-generating reactor whigh hgs o

-66 - a catal yst, i n=a dgsida that can activate reactivity
of hydrogen and/or oxygen and in o & o W ch hydrogen and oxygen are
allowed to react at high tenperatyyesgo gene'_"r“ate
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wdt er ,"*wherei n positions for supplying gases to conme in contact with the

cat al yst in the casing are scattered to reduce reaction anmounts

of ‘oxygen and hydrogen so at the upstreamend so that tenperature
rise of upstreamend reacting gas in the casing is prevented.

29. A process for formng a platinumcoated catal yst layer in a

wat er - gener ati ng reactor in which a platinumcoated filmforned

on an inner wall surface of a netal react or body having an inlet
as well as a water and noisture gas outl et serves as a cat al yst

for activating a reactivity of hydrogen and oxygen supplied fromthe inlet,

10 with the oxygen and hydrogen being brought into contact wth the
pl ati num coati ng _ . nd
oxygen in the reactor,] wherei nthe ' inn gurface ofthe said

metal reactor body is urface-ffeated b a N
barrier filmof nonnetlallic materi a i des is formpd onﬁhe
i nner wal | thereafter the

urface t hp -lb-eadlbli—bo(g;, n &
pl ati num coated filmi formed 215 ES filim - m
30. The process for fgrm ng th§ pl af i um-coatedlcattal st liayer in the &
wat er - B
i - <P D 7 L]
Z. =
i g i &5
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generating reactor of .claim29 wherein the barrier filmis nmade of one of
TiN, TiC, TiCN, TiAIN, A1203, Cr2@3, Si2, and CrN.

31.- The process for form ng the platinumcoated catal yst |layer in the

wat er - -67-

generating reactor of claim?29 wherein the reactor body is nmade of

st ai nl ess steel and the barrier filmis a filmmade of Ti N

32. The process for form ng the platinumcoated catal yst |layer in the

wat er - generating reactor of claim?29, claim30, or claim31
wherein the thickness of the 5 barrier filmis 0.1 - 5 [err]mand
the barrier filmis fornmed by an ion plating nethod or a

sputtering method.
& I 14 l' l 1 4 m&

ETCHING TIME (Min.)

48
SAMPLE (SUS+0.1gmAu+1umPt)

FIG.

ATOM (%)
100
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33. ThHé process for fornmng the platinumcoated catalyst layer in the

wat er - generating.reactor of claim?29, claim30, claim31 or

cl aim32 wherein the t hi ckness of the platinumcoated filmis
0.1 - 3 [err]lmand at the sane tine the 10 pl ati num coated filmis
formed by an ion plating method or a sputtering nethod.

FIG. 49
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FIG. 52
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