;" HEYR () e3euBr 223\ 9~: pB6BTB?C DESCRI PTI ON Technical Field The invention
relates to a systemand nethod for directly 5 generating high pressure

hydr ogen (conpressed hydrogen) required for utilization of hydrogen energy
wi t hout using any nechani cal pressurizing device such as a conpressor,
wher eby pure water such as deionized water, distilled wat ‘mmied
wat er BESGRIBTIQNt i on are el ectrol yzed using a pol yel ectm‘mulmlmnm ‘ane (
referred to as PEM 10 hereinafter) . The invention belongs taq, gsiechnol ogy
related to cl ean hydrogen energy. Background Art Carbon di oxide rel eased by
using fossil fuels such as coal and 15 petroleumas |eading fuels in recent

years BeehRigdynFieddpe maj or causes of gl obal greenhouse effects. In
addition, nitrogen oxides and sul fur oxides discharged by conbustion of the

fossil fuel sThgelnyeRtien kelates; by 2tvetenranddeethod foh dbaeehl¥nd

0% ¢ oabbatethal HE Bekalteh bRt bR BeSem ) S PSETERL ,
from oRFhILPABEs N Br ohERranet BrohayarTrhehRonsiRECEEY ParhaRiFs aes od,
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and ar g r.at ild b . ral

cner gy2aL0hFzbd pEr Ut IR bRtk add Hira FIRdBateR WA e iRedien
that t j I rqﬁa,tt e r(q_ségg}qsﬁ 0% s PEAEEdS
t he enggaﬁ%ﬁéﬁﬁ%iﬁ\ﬁ%e%l@%ﬁg tlrjma Ki nlaéﬂggrf-&g%e year . (%Q'iosésnot a
drRpm Lere PHAELERY .1 b 1PRRNAN oREHBIGNGS £d'8 FRERBISY, Pe1bRe a5 Y1 eBET 9Y
al one, and many technol ogies for utilizing the solar energy such as solar
gener ah9HsofgarceReegypr oposed. 5 In the representative nethods for
utilizing natural energies , such as solar generators, aerogenerators and
hydroel ectric generators well known in the art, the natural energy is taken
out and utilized as an electric power. It is difficult to store and

t r anspBatkghkeuabfearti c power itself , 10 and the electric power is usually
stored by charging a battery. However, the battery is heavy, and the charge
i s consuned Ggrbehfdibsidesngd chsedhbystsingefadsik fideliss snch asecballlandrost
crucial problemfor the future energy is to be free fromthe problens as
debxri petirabeum, asr leaAdingefyglshbnl vetentapsans dre thaughye toded magpor t
whil e being able to commonly use where and when necessary. Hydrogen is a
candi dagusesr ofegdehalngreanhgiuse efifects. In addition, nitrogen oxides

and sulfur oxides discharged by combustion of the fossil fuels are
also serve as major causes of loss of human health and destruction
of forests by acid rain. Furthermore, there exist fundamental

20 problems that the estimated amount of deposited fossil fuels is limited,
and they may be depleted sooner or later.

For suppressing these problems from occurring, developments of
novel technologles are urgently desired, whereby consumption of the
fossil fuels is depressed or brought to an end, and clean natural

25 energles that can be substituted for the fossil fuels and are able
to be regenerated are utilized.

The most abundant natural energy as the substitute of the fossil
energy i1s solar energy. The energy that the earth receives per one

hour from the sun corresponds to or exceeds the energy consumed by
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satisfy the conditions as descri bed above. Hydrogen can be readily stored,
is able to regenerate its energy as an electric power, and is conveni ent
and efficient as an energy 20 source. Accordingly, it is contenplated to
efficiently convert the electric power obtained by the natural energy into
the cl ean hydrogen energy by electrolysis of water, and to use hydrogen as
an enete manddnsparanssyeant e bt isomekatdeern toneevgr $her tetat eneray
petroleum It is anticipated that a hydrogen econo soci ety usi ng hydrogen
as t hedemandepfythe humanbing b¥ £he| Foiari anergy 2aianeenanfdymamyy
real i zi ng. such hydrogen econony society, devel opnents of fuel cells using
hydr ogbfCRBOAOgLEF F9%putdildaing fhe ﬁnﬁ‘?r GHLIaENFbyRat TR AE gemegators
herei nafter_ ) have been_actively devel oped as neans for efficiently

utili ZPAYehYBPBgRROBSSERe energy source. In addition, 2 uses of hydrogen

for, autonobi | e and hone generators have been al so. considered. The hydrogen
ecéhony soci ERVERE HPETS 'aé:th’eof“eﬂ:ﬁQ%Sr g@ﬁh‘b%%i%*‘?%&att}?%]a%%ie&ci de

ld b | i zed_when t t hod d i b b dt b
hydr ogBHCH L PALER Pt o8 Traf iF AFCBREREGFE GTOLURHSP JoGEF FF AERORIGTE
i et [ b is.b ti t hat j al .0b|
or of PPERCETSR GERHER (G hodieoBaroaRs SBR0ad hei FE-bmrty oot drgraeed ™

particylacly ;gkﬁgign B?ér.The nost i nportant problemfor utilizing
hydr ogen as fhe energg source is that how hydrogen as a gas could be

safely tr a”S?{-‘ri@&if‘f‘?cii@%%é&é‘aﬁﬁ%sﬁ’ﬁ’E‘he U5 & bBRe NG Y10 ems

as descri bed above, as been attenp to convert hydrogén as a gas into
iy daﬁ&dEﬁgealeﬁtEQca?bQé’rhigr Q968119 Beoredl B9eEnhPg2gOaChHsi¥eyal | oy.
However, these nethods 15 involve insoluble problens o? spont aneous
evaporﬁbweeegodthessaiter?n&s0ﬁeh9§uoanaokﬁaechérgeeiglaBbgamahtbgnd hi ghl'y
pressure resistant gas cylinders have been devel oped in recent years,

saf et ysefift Besbhakgpr aastihg Bydiragenwhileeevaligahed. useasequently, the
hydrogen is often stored and transported by filling in a gas cylinder 20 as
a conpressedThgdnogenciicbad prelShemefef se whumrs abdrdyf MmoOrto e . £r8ech
nmethod is widely noticed as a technol ogy conpati ble for the hydrogen
econonfEromothet provbhemshgsr dgeoribedsabove; dricthe ednenghi staslddengdadwe
fuel cells as described above, a conpressed hydrogen at a pressure of as
hitfh 25oxssBebage ;and Haanspos tuwbd leChaingi alsl e ttive conimemd yofis e ehémel rasgn
gas cylinder is forced to be large, and the space for the passenger cabin

i s redwbed.negrssare. vivdinogen 1aa ppodddetegiar generadingenenglies dihathe
ot her hand, the cruising distance is so shortened that it is practically
not acééﬁﬂ&SVeﬁhAc§@ﬂéig§P9§ ps desgritbedpabavetor 3  shifting the current
society to the_hydrogen econo soci ety to convert hydrogen utilized as the
energy sour cBYfARPgen %%HPFQ‘{%H%§§QHGWCH‘%§€AW? Fegeneradia Lteenaray gh
as 350 _atm or nnﬁei Wi | e hydrgggn has bﬁfn enqiaﬁggib el ectrolysis of an
2queou@Ssanl RAPPRELEOPAVFEn BRAPLE cEOBYeR CRb| 3 P LAY (9% A CRATEY 1 o
S a gtassiym.h oxj de (K in.water far a | erpod of tine,

ol 50 FEeYR AR U i AR eBekBiniesed £BoefElr EFREY Sonte T tne

el ectr [ i, naf [ I t ' i r jnto
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reaction of the alkali with the inpuritiées such as carbon di oxi de di ssol ved

in vwat g antebephtel st Bnolirbiena8usRfy dddld e usdnd hgarbgah dssceen
wi dely known in the art, aqueous electrolysis cells should be periodically

cl Z@nednkegy’ esuricegwohedabeuirdaaieedsunsthacedthAcputtufiycat i on device for
removing al kali m sts generated together with hydrogen is also required.
For realizing such hydrogen economy society, developments of
fuel cells using hydrogen as a fuel (Polyelectrolyte Fuel Cell,
abbreviated as PEFC hereinafter) have been actively developed as means

for efficiently utllizing hydrogen as the energy source. In addition,
2



20 Since the hydrogen and oxygen generated are separated with each ot her
with a porous partition nenbrane such as a gas-perneabl e asbestos the

m xing rati o between themincreases with decrease of the anpbunt of the
generated gas, and the proportion of hydrogen or oxygen perneating through
the porous nenbrane is relatively increased. 25 Consequently, the m xed gas
beconegses def r¥drogensfon mutanplleand domge gesernasinss have: deenk alisp
difficult to arbitrarily stop and start gas generation. It is not easy to
gener a¥@nfidergdn Khee htdnQgepsacUTomh & okl Ik A19 mnxkaty ivh W8 ng an
el ectric power generated by the sunlight or. aerodynam c_power that is a

f r eqUEFFPERBOUSS Siiae) NRGATROTCALPH) e MRUILPRGTSAL L oft BBERthR BoSHOMSsf

hyd t b | ectrol ysi f th | kal i | uti is |
use ofas GSECElhecalore ate caiteaa Fo SRABHS  BYSFaRsR cORARTERP) BBrbRessed
h 5 t t, t i s,di tl | ectrol dt bt
Y gl yAREFERtyBROEER SR PR HEAFDEHEARAER Ay gen’ i o Separaled wi th PEM ¢ hat

t t int PEM el.ect rol ysi t hod. Ther ef ,_h
Bnd oxygen_ HCRGOTHSt A ARSEACRSD: PRy Voriah BEREA POi 98 TR AR SARE
t ' | ectrol ysi th | i d 10 start d .hal t
of ol cerRorbEiE Btk o1 L GRHR LR R S itn prerrelpadie e
electrobyakar"ehBad1b8, CHGEL) SRl akoy EOTYETLABB LS frequent Iy varying

éd" by € natura

el ectric power genera n ener gy f o hydrogen. The nethod

for generatifige MdHt Phess¥aRtPHROGH B PEM 12184 %@;dﬂig/eﬁi afi thd RN 1Y

abl e to generate high pressure hydrogen and oxygeh Decause of conversi-on of

liqui dsb@reasis tHEhLWSHRFoYBhUAE 4 Qds2EBR1MObE "Ba ARy NG AR ddland
pressure increasing device such as a conpressor is not used in principle.
Event ugtbyedaihydr eempavtt fedsgLessure of as high as 1000 atm or nore may
be obtained only by 20 electrolysis. Since no nechanically novable parts
are invol vedrés €6IVINEUtNé t BréifVemssas haéstBLbadi 8Bovy, | DEIBASELHERSSUT €,
peri odi ¢ nmai ntenance work with frequent inspection and replacenent of
expendabtemptednod coaeded. hylwsgsroae, a gaseimt @ ndqud df lipdrodgen wiot é aldesy
automatic operation for a long period of tine is possible 25 to enable
pract i bpfirogandrsberoadludesl hatam akccénsiygye altay hy dosgerert,othese aw thosis
Furt hernore, since the PEM el ectrolysis nethod has a higher conpression
effi ci énvglue dpspiubdewprablemsnefhspontangonechuapozhtpossande-i ncreasing
devi ces such as a conpressor, it is an advantage of the PEM el ectrol ysis
met hodinguffiedent agslassiamvebype . 5 Singe Lightwedphimndhighdy passsuns i s
concentrated on generation of high pressure_hydrogen by PENIeIectrouysis
for enEP§isEBRtcdar FVlimdeny hasipn beengdruedrPag Kpdrecent Kearsv safety

el ectrolysjs conprises electrolysis cells prepared by |lamnating a

pIur?IPfthr Bhe dEEPF§u§emPYﬁr§QSPr$§;EP@VPﬁuﬁﬁFQh t¢@PTﬁﬂﬂe% HYngt?e _
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cat hoas B pErfisd 1& RZaaLy’ Kok ER AEPaTkREfnbIGoR FhRRARILIE KER, Bhel o

uni t Cﬁ#h§o§€¥ BEofBhiedsgaiatgoubl e-polarity nulti-layered type
el ectrolysi§ cell. Mich expectation is concentrated on the energence of a

system for OfReA HydiSdindlls RIRWEE6S fuedl 8L vidhildi@ slas Ry i PRLadd1M s
multi-layered type electrolysis cell using PEM However, It 1s a current

probl egsollestetbeal ¥666ebhyat bomprEss6@! NfdBo§oh | atiSd Prd¥dhEd s tde high
pressure resistance of the seal nmenber and PEM of the electrolysis cell is
a2j owass3sboatom shouldhbe hiydeageroaswidge rtigasasiumed oM e Iftdrogen
only several to several 20 tens atmat nost may be generated in the

el ect r ghgt eyt thdensisefmredik k- alb@/ d amgehadndotkei space ebeEnttios pasywdnger
hydrogen with a pressure of as high as 350 atmor nore required for energy
conver sabhncianvedbboedendiheredthel ey laie eyf Myl dgeiragen arps rayl itraldre is
conpressed using a gas conpressor for efficient storage and transportation.
25 For sopildi ndmcthe otderphandur théayerwigingidishanasilsgsa spaertemed diwdy
l'iquid hydrogen is evaporated to convert it into the high pressure

hydr ogéh, 1aRFactd aaldiogel aeceptaliel. | AocoFskinglyi.ndéris 1plevepoint fior 5
di sadvant age net hod, because the |iquefqgacti on of hydrogen needs | arge
energy and |iquid hydrogen di mnish under the 6



transportation and the storage by evaporation. Mreover the |iquefier needs
regul ar or frequent maintenance and is hard to produce |iquid hydrogen at
the renote area under the automatic operation with a shortage of hands. 5
Wth respect to energy | oss, the energy conversion efficiency is decreased
in the production of liquid hydrogen as conpared with the use of conpressed
hydr ogelEt heg thecourrenygocd etydin the hvdnager eeapemy Sociely te capyert
three hundred mllion cubic neter of hydrogen is sold annually in this
count rjydsegenrsptithzedony bhe 1eneydy ogenree £8EPnatbyghdyheoBpressed when
only ten _percent of domestic autonobiles use h drogen as the fuel. An

ener gyPEREREER N the2 RBEREUEE ?ﬁeaﬁyﬁiﬁﬁeﬂseﬁé?g9 BUuPFeRPF§ - avail abl e in
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hydr ogBh BEEAR-eHEy BYAESRToe (KB5Y TRoudter: Bobone ahenoPEpache: bPRe
ener gy, §AY 534,80 eL%iﬁ' €QC¥o14484 {:@ L{L'Icéeﬁ BafitefbbBPededtba0R8! prM
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hydr ogen sourc source, 1s restrictive,

har dl 'y ; §08) 1Bfa+b G&h (R oklyGhohdY ARG RS cbBe1 B dle B SeBt-sSAN £ Geghiihe

hydr ogen eccnony society in the future. The gas conpresSor involves, on the

otfger BandevbhepmeAbLeB® eheBaliytieBRtbiyfe €88%" th2UsP{PEFEYS! ¥herein
Mor eover, mechani cal pressure increasing devices such as the gas conpressor

i tsel fyheer7is dEsCtréiyged ¥y I GRvieresduireabydoader PEFO @sﬂi%&ﬂi& PEM.
high as 350 atmor nore is a thene of devel opnent. Devices wt

sati sfactorysineetawrsliklcl Reichauai pabhesiadayydfexi @ afgants Gudumiudiatldd ed
reci procative conpressor cannot make gas over 200 atm and the di aphragm 5

conpr esabstaneds bn eiebaprgdes Hyaphragotpen &a608hboafkaathdwith pheducti on

capacity is 30 NNnB at nost . There is no gas conpressor of capacity of 300

N n8 ahupovhtiesnsichrastaimbonogioxbge tdiss splsvexb hpr water in sdldctirolysdtsher

probl em that cannot be ignored. Wien purity of hydrogen used as the fuel

fci5Coqﬁethengqh9ngg@hkaline solution that has been widely known in the
art, aqueous electrolysis cells should be periodically cleaned for
removing the accumulated substances. A puriflication device for
removing alkali mists generated together with hydrogen is also
required.

20 Since the hydrogen and oxygen generated are separated with each
other with a porous partition membrane such as a gas-permeable asbestos,
the mixing ratio between them increases with decrease of the amount
of the generated gas, and the proportion of hydrogen or oxygen
permeating through the porous membrane 1s relatively increased.

25 Consequently, the mixed gas becomes a detonating gas that involves
a danger of explosion to make 1t difficult to arbitrarily stop and
start gas generatlion. It is not easy to generate hydrogen by

electrolysis of the aqueous alkaline solution using an electric power

generated by the sunlight or aerodynamic power that is a frequently
4



10 into electric power using the PEMfuel cell is poor, the electrodes are
poi soned to decrease the output power of the cell, arising a problem of
shortening of the service life of the cell. Therefore, contam nation of
hydrogen is a fatal drawback. The nost efficient utilization of energy as
the maj or energy 15 source is acconplished by the conpressed hydrogen by
whi ch YREY{RE Mt wiat geemgdr ogERr tReEBARE e ST Q) ter PEEAPYRe R SWdrogen
enabl e t he hgdro en to be readily stored and transported. The hydrogen can
be use@eBery §Gbg¥i?3cl?%t’6?lYﬁ%sf‘b§s1ftFe fRfB1eOYHh S KAy P WP hd sad her gy
source is cognverted into the high greisure_hydrogen by reducing its. 20

vol une¥F8rofnd g8fvERMRBREESEF 1foragBinfd {RaftHeF: to” DEPPRES febhEhdYof
PEM el ectral ysi Fa e been studi ed as suitable nethods for generating the
hi gh p?%@gﬁ?ésﬁéd 8éﬁﬂgfﬂrgh pressure hydrogen) only by electrolysis using

GO oA e T T Rt oA VLR E by
e T O
j j i P P i s , 2 Y/ SP
S35 Tk a4 R RS R BT,
Lt hqusbagn RS GAGhs o b Bbehousedl Lot oS iar RS,

that the §Q&&Eno¢!dFepPel tde 1908 ERFBEY s bRetRE! dqhiods HIKLIBIY | @lna
pressure between the conbined 5 pressure of hydrogen and oxygen in the cel

and exieanel anaersuteoef el Beteslysishnagf Beearbheraekhyl sepeltraged in pure
water in the high pressure vessel for storing pure water and oxygen in
order Censegteatliyhethy FEMUE Bectird s é glo thoassslekcdeadstit £6F dcdfdriting
hydr ogen and the pressure of the high pressure vessel for storing oxygen to
be equahe fifleqlently varginigat 1ecEsid priveacengratetiey Rh natuseblensrer

of the cell are controlled within the pressure resistance of the cell.
Conseqdmhdl hydoobgna differential pressure within the pressure resistance
of the cell acts on the cell even when hydrogen and oxygen is generated at
a conbi ned pFhesmethedcfedi ggnenatpngshligk pressunechydsogént by BEM| |

t her eby_enabl i ng hi gh pressure_hydrogen to be generated . However,

cok osPORCEFOA¥EAR| Le paherenhbyl abbe torgenpwake iklamorrssure fhydrogen
generating the hydrogen and oxygen gases. The electrolysis cell _is

subner §BE Y IRR PegaUse of qenyeheion of llidEidtghoas e Sed ¥ 8Ma Ll WgHiyme
storing oxggen enerated at the anode in the 20 high pressure vessel.

Ther ef bPelafge Eme Gngspe Rerhapicah Prafswedncsgasing deyieg s¢chas

oIV omErkEoniaLn 09, 0 Y Se i ivaen Dot Leadlly coegs, st rosion
i f th tallj t h the 25 el ectrod I.i ab

Cor 0By RS, BEL B b Bh BT, bR hRGL R e e, AR

regj st éﬁ%ét%ﬁ@%.' Ng é?ﬁ&’%?%lﬂfrf#g%%éf\gﬁlr%l s b{:ﬁ H$SRed 'HE

resistivity of“pure water I n C 'S Su I’T'EI'ng

dect cagghpaybanyi b APRGM lad HERALALLGEYEHEREASE ROk Yl Do &IAld 1

pure water 1n which the 9 PEM el ectrol ysi S ce S merged by using a

heat exghatefbnckhogh! Writh EeeqadntO1hgpaBeishednal raphatbiealkube of 40C
or less where the cell efficiency becones poor, and the operating condition

i s di saspantaseess ikohoef heetewe Uthéigfére) &fmiAertendndbLELEOT Enat his
proposal involves inherent problens to be solved such as electrolytic

cor r osunathynasygent andtiedpert£eidn EorUar Botig Pertiwl decremneeidfpossible

resistivity of pure water, in order to generate high pressure hydrogen

r 2fui r ed &onabliki prachfcaydecogearasonnofneig\nsiourLE. energy into hydrogen
to be realized. Furthermore, since the PEM electrolysis method has
a higher compression efficiency as compared with the method using

mechanical pressure-increasing devices such as a compressor, 1t 1is

an advantage of the PEMelectrolysis method that less compression power
5



10 When abnormalities such as break of PEM i sol ating the anode conpart nent
of the electrolysis cell fromits cathode conpartnent, or break of the seal
menber of the electrolysis cell occur, a |large anobunt of hydrogen is m xed
wi th oxygen in the high pressure cell housing the electrolysis cel

arising a danger of generating a 15 detonating gas. Therefore,

count e+feEeutred, and nuch@Efpectatian r@mmnwlmwnmﬂi@n of
generation of high pressure hydrogen with a pressure of as high as several
hundr eldight Rresswoe chydrpgeni By cPEY oleakrplesip forseneyg¥ecoByersheRati ng
hydrogen and oxygen, the device 20 is currentl| onlz applicable for
generating hiRe ay&ﬁemqr geperatipg Ili’fd]'é&%’r‘al’{’t Ehelegkrobyiel s comprigeseasy

to gene ate hj ure hydrogen with a pressure_ of several hundreds atm
that | SLetReruEr Ll 5o ma%%%eﬂyiff JEMIRPELSENE PYUFRLLEY AF ahldnaedys

:" < Eh{F o titicsoire, Y it ofn Ehg éﬁ%rﬁiﬁgﬁ’c@%:}t%e@ﬁ% 45 Eeh
of%.i?%%sv astrﬂ%iﬁmi‘a'ayﬂ'n% PB5 theayBhdden BERePRe A FalhRR e@“n%étrﬁ‘éé%;?st
Fesi st aheBeEBhe EREoGEH %ﬁ*@vﬁﬁﬁﬁéﬁaﬁé”ﬁd L e s L R
t hat tlggcﬂegé.'ﬁfﬁhesdl"aﬁihﬁttb\é' D{ e%le%ﬁ:'ij fist QS i%é@fﬁﬁ‘iﬁﬁ’%@ttﬁ%c%r%”re

wat er pressure vessel cannot sune | S origl

resnstagléevs&yiﬂe%gsasoat'me aqaemaatpeair For S balhl th DB 1901 iRl
i b

t he ion- exchange resin. In partlcu ar, SIS a Seri1 ous pro ecause

t hy el 8gt4 abybhs- SBﬁ.hEELQS}Cé/léétfdﬁ@Biﬁéebbhé BGkeasbhae ééﬁé@%eé %Iaheh%d%t
about 80C or nore. Wile pure water should be always regenerated with the

| on- exaBangEL rfsian dHeako arwe!pEabedclirss9bliki 681 Dfcombti Sl idmSatea t he
vessel into pure water when the tenperature of pure water is 10 increased

for deahe@stallsemagt bei tallbleapr asavubletpbharsey! mhstieshyeebadtppeause
t he ion-exchange resin is broken by treating pure water under a high
pr essuekecCoolgglisrddl] . i Mushsexipédtatlion tic geneenteabédonptire dmerdapdieogen
required for utilization of hydrogen as a energy source. 15 For sol ving
t hese pfohbl systedafanegenkmakingnbdlighapeassippl hgdroganPbpl that i on
No. 2001- 130901 has proposed a hydrogen energy
15 double-polarity multi-layered type electrolysis cell using PEM.
However, it 1s a current problem of electrolysis by the
electrolysis cell using PEM that the pressure resistance of the seal
member and PEM of the electrolysis cell is as low as about 4 atm. The
hydrogen and oxygen gases with a pressure of only several to several
20 tens atm at most may be generated in the electrolyte cell as described
above or had some improvement on, and hydrogen with a pressure of as
high as 350 atm or more requlred for energy conversion cannot be
generated. Therefore, hydrogen is required to be compressed using
a gas compressor for efficient storage and transportation.
25 For obtaining a high pressure hydrogen without using a gas
compressor, liquid hydrogen is evaporated to convert it into the high
pressure hydrogen, and the hydrogen is charged in a gas cylinder.

However, it is a disadvantage method, because the liquefaction of

hydrogen needs large energy and liguid hydrogen diminish under the
6



feed device constructed so that electrical insulation is not conprom sed
even at a high electrolysis tenperature, wherein hydrogen and oxygen
generated by electrolysis are stored in separate high 20 pressure tanks
while hernetically imrersing the electrolysis cell in an electrically
insulating liquid in an exclusive high pressure vessel in order to prevent
cor r osteangportatlen anchthe stnragebyrasmpanation cYexeoverch ol laepddierand
water at a high tenperature and pressure. This nmethod not only settle both
probl ch@eds EFVIaT OF Hremnente paipttesaicgnandets daaed dio pagidide ligudd
pure water at once, but also is able_to prevent the detonating gas from
bei ng %ﬁﬁ@?%ﬁ%daEiﬁ%% pepetoatEea sendes EB? pabematig eRgERRiIPR O ERdRogen

even when the electrolysis cell is broken, thereby greatly inproving safety
of theSkertage10f MARRGer, this method is still difficult to practically
e oy sinc practically available electrically insulating |liquid for
Cer 2i o AL G BReHRAGE it eBPEOYALPRE: G LY, AOTRIRA O £ S S

f d day. i f.th I ically i | ati | igud
nZESeﬁ-‘L? oReensaretiate (G dnodadtion fnf daAdd Rydeadil af SPhRARACL & th

e conbUReas | Pt et idhath s2iBd hatlh SPEESY 17 Rad Sl BN 3pe,°
 2rge SUERLE!¥agh ' At L1 € UBIEE! dnrd I HIAADY i 1 Sh MY e 2 e B den
todthe_env!ronnenf , p[ so]%hg? lﬁg environment ., particu af?y gr ouindwat er
Fequi rERera3plCiacEath dnRla1 ik in W) E2PHRL P EOYEEAL Bnp BUAE bE | |

nofp r eGhEYGeit i e tThBYEA €4 LY sRhe @ %M 0ANG HRiTHATRRNILESKIdM 1AM t he
el ectrolysis cell while having no danger 15 of eXplosion by reacting with

OXygenag¥eopNeas ndehgRrddnt At tHY £fasygenh erléidfiedxcBeiNight i aicRmur €
vessel . Such electrically insulating liquids that satisfies these

condi t benshBaugdneyeheeneagiyuahkyeheupdaviolabxamhetrhal hhewgh ReP be a
flame-retarded liquid with 20 excellent performances, its production and
use areohsunheddas thenehdegyi eequired £dr [@Aiuef yiardrsichn drasty iamyuren tos
pollution. Therefore, all the currently available insulating oils are

i nf |l anhgBiregeand i nvol ves a potenti al danger of expl osion when oxygen is

| eaked. In addition, pure water is difficult to use since resistivity 25 of
puk®e wat er chiblyewghi lbquefiring machinésenduste, for thomgfyping swdlevastsel f
is excellent as a insulating liquid. Since pure water has a potential to

di ssol amount afhaydunogensbeunld begonstiryciteds ythef agditionadlyicongtanatidd,
decreased when pure water is sealed in the high pressure vessel. This

decr eadéayefydnpsnachigeg onlyQongyme geeraxseithent ccreriing adddtdanaljue
to a leak electric current generated, but al so hydrogen and oxygen are
gener aBBETHY £RE FERRUBP-BPLPCeBEREY -in the high pressure vessel housing

t he electrol¥§is ell to increiie t% Bresgure. This increase of the
pressure may 3rF&ECEs P8Rt aF UG Sa BYITREER BReB| BREFEY ySPUTER| LS may
b ingl Ly crushed by t ressure t he m xed gas qf h ogen_and oxygen
w2 be B iatTaTREY o (i RoBER Nt el Pierrs Fopike Ion She Fef Ry
shoul deey gy dedloe 10, DL BOLGSURG Db MWYENTLON: dccaed abyegt g gl ect of
the invention y Re Fhventors con5|8er|ng t Srtuations as descri bed

above Eﬁnts.&ﬁ%%hd%pﬂ $¥ah 924 agd ﬁ;'/%t hee B?r 19083kl Flgrﬁkﬁgeﬂr. essure

hydr ogen, erein high pressuré rogen ) in-parficu ving a pressure

of as high agcdePairg®yM QkeBEC1L§AEELEE ﬁ?&rH%EhiEB”S RYghoge8saaran
energy source, can be efficiently generated w thout using any gas

conpr eﬁ?@ﬁ:‘pggﬁcboﬁfeé&)géﬂ 83NakCeRéBHY YsARECS 2f £ Yrderel @t Bfe O bt is
electrolysis using an electric power generated by a frequently varying
na2air ahaeaefoyonyebtageduthaghliquid hydrogen is the major energy source
in the hydrogen economy society in the future.
The gas compressor involves, on the other hand, the problems

of wear of parts as described previously. Moreover, mechanical

pressure increasing devices such as the gas compressor itself for
1



20 Accordingly, it was found that high pressure hydrogen can be generated
only by electrolysis conprising the steps of providing an el ectrolysis cel
using PEMin a high pressure vessel under a hydrogen atnosphere,

el ectrolyzing pure water using the electrolysis cell, storing hydrogen
generated at the cathode in the high pressure vessel 25 housing the

el ect rgeperatirg|theyhd obt presgups yirqgater yidh atpnefsunas hhoh ag oo
pressure vessel for storing electrolysis pure water together with returned
pure vatBror Aagseqgltent| heme s9ft deyekermentt hAReigie yenldinisalg sfiagtory
pressure conpressed hydrogen. with a gressure of 350 atmor nore, which is
requi r EENEBIORE| 879 PPt njablable stodaverf9r e%ImPhecromRerel#aiha®d | n the
generati on Sésten1and net hod as descri bed above,:ﬁfre water is electrokyzed

usi ng FRE1RF E?F?)Y?§°§‘P€§ISIS,°W‘F%°%EF5§t9%°YﬁE G athand %lpe plephrag
e e BLgEokLe gl R ML St S sesgel A chatido, busiggen o
| ectrol ysi t tq be .l h h i st f PE
ot P AR IF Solishor i ol fe fint i dle =
<] | |
cel | apeBRELBYIAR I% F/np Brtt Ot Rl el o o g By e A Rieist
gener aj edeip 400 L ERLLOLYSFoReLhat SAEAYENEY 1Bhg LRS Ni o pressure

vessel er cooling wt exchanger di sposed at the outside of the

high pr essurﬁhéﬁ?lix%t‘ijoi-ty' b£ R uk8atad lﬂﬁgpfl%f%%ra@&‘{fefﬂﬁ% idsxl%;%&q o

el ectrolysis ce be nore stably operated since the electroly

Prevenigdof & P8 4P HShdte P aR iy Bhee PEMI¥ub2SEel .{QE‘;E&AJ?,C'[HHE ¥dieT HHRHERS S -
The electrolysis efficiency is nore inproved as the tenperature is higher

i n t heaPEMAlRHdPL ¥ HeTrRiseOthe dulthattPoudMogsatk £l 1 PRV 18)18(d & YrbYien S
made of polyner materials having a relatively high heat resistance

conpar apl shbetennugnbEOBRe pekagliteslifésofieehanceal . 20risd refwitd), decr eases
when the tenperature exceeds 100C with a rapid decrease at 120C or nore.

Si nce tbatdminaahbr benhgdabgen fisraopatali dgawbacklectrolysis cell is 80 C
of less, the heat generated by electric power |oss as a result of

el ectrol ysi sThé masterefficienmvadtihl iaeiapaerfitemergy ddetHeEMas]oar tem@Engsi S
cell. In addition, it was 25 found that the tenperature in the PEM

el Het r sbysce by sicoompdid sbedeby | the compresdedr bydsedgn danwhakchethéwdlams ng
the piping |ines of hydrogen and oxygen in the heat exchanger, as well as

t he pi pEn§hei h¥dopganhéat crgpredsafh undes Br hhogheBRrepgaureubesenabdedéhet o

i ncrease heat conductivity with a wi de heat conduction area, thereby
ensuriHgdiﬂgenatgLP¢i¥§%Q£&Xf%ﬁ%ﬁﬁﬁna@§éﬁFénﬁB§F§95nceTBﬁthﬂ%ﬂgen can be
conductiviézéaThis i s advantagequs for_ electrolyzing at a prescribed

t enper 4F6A ﬁi’r%?’é?‘é’tﬂ%ﬂgtt%_gﬂﬁséééue&f vhen Qvekagen Bﬁﬁgrasgéﬂé%%’féﬂ’ by
20 G SPSERD 3 ot SE TR TR A ol s B DB A S 1
d i t o bel 0C he f L t t f t wh ti f
OS85 5234 KB 5oL B LRI U5l ARSI,
hal ted 3t pRlIdY bR 694 E1R" RUVACERER" stBalBE Ws"EE1t8B38Rethods for

generating the high pressure hydrogen (high pressure hydrogen) only

by electrolysis using no gas compressor. Various methods have been
proposed with respect to the device for generating high pressure
25 hydrogen required for utilizing hydrogen as an energy source only by
electrolysils, particularly for solving the problem of low pressure
resistance of the electrolysis cell.
For example, 1t was notlced in Japanese Patent Publication No.

3,220,607 (USP 5,690,797) that the force acting on the PEM of the
8



10 A novel nethod for sealing through-holes for pulling thin fine tubes out
of a thick high pressure vessel has been additionally invented. For
suppressing the force acting on the electrolysis cell within the pressure
resi stance of the electrolysis cell, the difference 15 between the
pressures_of hydrogen and oxygen acting on_the electrolysis cell should be
cont r oAiPBR1eoPBAARLLH Mulkd -prEeEaA-tYRS| laREEodVSiFecelécilPoRysi s cel |.
However, since the pressure resistance of the electrolysis cell is limted,
a high@?f5666P5891fBFeﬁﬁﬂF?OP??WEFQ¢h¥qﬁQQ§ﬂn9§WQ§3F@€UiPeﬁhﬁscéﬁhﬂﬁPtﬁﬂ@wv
as the gressures of oxg&gn and 20 hydrqgen acting on the el ectrolysis cel

i ncr eaS&YIPReICRATR R oHh ths aRodea” 8Bt tRAL it FPECceAChHLBgsAR tR® 8t by
Fequt r BRERET RECERR LY, T8 12\ B FReR AL on e g R h e b PR Gt Dl
Ford ot BFERg Ry aPbericart A g Boif hE e 85 BRPaPOEI M Ssdirs .
hi gher tBréeééé:'i.e tlﬁ}/e@{b%c;}e«% Y:?x%sgﬁ§ga!\./§g@%bﬁlelr%< r18r§1§1§ rw%te'r.n(i)L?nl %‘l}?{g 1’9:!1:%

pressure contr ol ranst'er of rrogen or Ygen as a gas, usi

bot h : ' I h

cont r of RSFRse e Be] £k BERRIHOB R it anBl By B fh bEack o RGN,
li d L 0 i . Cal ,

'he. pr Soe FebpaPE 2l Thet Fellinredind VRERL, £88 el hRaFgeR aRa R ©

hydr oggRekltir@X¥8ehe hidH prakatrkNviB8e ¢! £6£ T HSiny 6Xylgen! BbSbE BRI LN

nmeans ?hat a high pressure control accuracy is requited’in the system and

neidnod ther dgereraht N1t PPeSiGhe B £SELE Y HHROPEM 8nd 5881 RhenibdBlof lgnd he
equation (1) above show that it is necessary to increase 10 either Ps or

the preell ateScthtirollednwithlinnghkehprdiskhigeeiesalstaneessre ther cedl.
Increase Ps and S, in order to increase the pressure P of hydrogen or
oxygen Copaseqaead lytovalyr a differeh¢iadcprasgusel aithdnt thel presikte
differential pressure is currently limted, the pressure P of hydrogen or
oxygenrasdisitabice 0f themteldl hgtdetrerthenedl15even twherphgdsrogenr asd sixeygen Ps
of the electrolysis cell. Wile the allowable pressure resistance of the
cur r entlisygenaratéd atehesomivlned pregsureseyeeed hy thebpuesdune megiwtance
accuracy for controlling the pressure may be within 4/10, or within 40%
whith tlef phesnlde shesgpyeenabliyghdginpyesesnsedydsoggvko he ganrrated.

However, corrosion of metallic parts should be considered in
the device for generating the hydrogen and oxygen gases. The
electrolysis cell is submerged in pure water by housing it in the high
pressure vessel while storing oxygen generated at the anode in the

20 high pressure vessel. Therefore, the electrolysis cell having the
electrodes is sealed in an environment containing high pressure oxygen
that readily causes corrosion of metals and water together as the
pressure is l1lncreased.

Furthermore, corrosion of the metallic parts such as the

25 electrodes are liable to occur as the temperature is increased in the
permissible range of heat resistance of PEM. In addition, the leak
current cannot be ignored since resistivity of pure water in which
the PEM electrolysis cell 1s submerged decreases. When the problem

of temperature increase is solved by cooling pure water in which the
9



20 Accordingly, the nethod conventionally used for controlling the pressure
can be enployed with no danger of breaking the electrolysis cell.

Therefore, a pressure of about 350 atmthat is required for utilizing
hydrogen as an energy source can be applied in the conventional
electrolysis cell at present. 25 However, a highly precise control of the
pr essuPEMGlectae lxnsig aeyloks subpergednpy aisimg adhent gychangsry etiue roed X or
nore stably and safely generating hydrogen at a pressure of 350 atm or for
gener alfnECrged derPamPedatgsh att aa 9¥flE§§éﬁErﬁqui 4QC rar gigf rderethe
pressure_of 400 atm for exanple, using the electrolysis cell. 16 Thi s
accur a€§liseffiaiongy: herames BYOFheaB@nthat pRARAtEBEheandbEleBnifol | i ng
the pressure) and a nore strict control _ of the pressure _ would be

requi r 84sadyartageoansgEarcefpeetiry vhirizatirrsefirbedt-about 700 at m woul d
be needed in the future, 5 The inventors have .investigated a nethod for

exd udi ng t hENPERERFe- this Wﬁ?ﬂeim@%g&?e"—r}l}%‘f%%ﬁ%@b%mﬁH'é’ ReSAVEY si s
co | BuRCRE o BT T R TBA Y R0 MAS 0 S B

or ovPrgthReagoB8adl Of EolPEELLIEY R ey e & Bder Ty Ferithasa o

ol | 1 BB RELRFELE Infiroglh H el Bk ETTE L 0oHR0POab B € 10 RPN T,

an wal L asckhin as possible, although the thickness of the wall has been
requireg to be thick in response to 15 the pressure generated, or the

thigkness of yhb8 BbROrRAESELES ¥€éﬁe£i2§§%21€98fr§ﬂﬂi iES'l&Q:bPS. Lﬁégéﬁog‘éi the

pressure is higher, or the thickness een required to be”increase n

propor tbAparembie SHUBKE QlebffolyBIEL1 DirddiR MO Tl tholE 'R tridift

i nprovenent of the structure permts manufacture and handling of the vessel

to be e@spredR ¢é£NEled idHhl hembRISelE thebgladvanl§8€8USel D ddSurprifiantdgd i ng
cost. It was found that the follow ng structure is effective for exhibiting

the ef amotatasfdhgdrobed abomtxellyitheosgybheipokhei hyghupkeskayer eelllype
electrolysis cell is fixed by conpression by a conpression pressure of a
conpr ebsusdgngsthenbéectro2ysibydedenaahdingr aedanggrpofegenteatdageanat ed
at the cathode are directly discharged into the high pressure hydrogen
vebxel detomasdol gas hohegfefidie cel tovytermeasung fonlithdlsadgegporis also
communi cating with the cathode at the side wall of the double polarity
el ect r sgguired. and (3) pure water to be electrolyzed is supplied through a
pure _ water feed EassagemaX f ormed bg a hole provided at the center of the
Accordingly, while generation of high pressure hydrogen with
a pressure of as high as several hundreds atm or more is possible in
principle in this device for generating hydrogen and oxygen, the device
20 1is currently only applicable for generating hydrogen with a pressure
of several tens atm, and it 1s not easy to generate high pressure
hydrogen with a pressure of several hundreds atm that 1s considered
to be necessary for utilizing hydrogen as an energy source.
A part of the electric current £lowing in the electrolysis cell
25 flows in pure water in which the electrolysis cell i1s submerged by
the decrease of resistivity of pure water, even when the problem of
corrosion of metals is solved, thereby decreasing electrolysis

efficiency due to the electric power loss caused. Moreover, since

pressure resistance and heat resistance of the ion-exchange resin are
10



cell. 5 A water level neter was al so devel oped by taki ng advantage of a
| arge difference of electrical conductivity between a gas such as oxygen
and pure water, in order to solve the follow ng problens encountered in the
measurenent of the water level in the vessel in the presence of a high
pressure gas, and for inproving the accuracy 10 of pressure control. Wile
pure whewer ilksds anether nrakdemithat thedeaneaderd xrgiskiydtygenda sesyly
el ectrolysis are stored in the high pressure vessel together, it may be
comon® therfecrereed PHAL tRfePure vtaedn ihe htgh pressurs) Ye%mlw@@rt is
stored at the top half in the vessel because 15 the density of oxygen is as
smal | Egs'im@,zi@%@mﬂisny Bégﬁtrqsﬁlé"slt"a?ﬁdhpﬁ resedanading een iria‘a? ure
However, oxygen has a density equal to the density of water at pressure
of 700VaERT R (S HAtATaUsdR Fhﬁl ienjexghgnge jpegiy. - Ifb@a\ﬁttlﬁutlﬁg

vi so. that oxygen,is an id as. This nmean that_ water floats on
hentits ol r aL9ar 4088 RFghiem Haravee tom eﬂﬁatsﬂlzﬂﬁr?ﬁgicmpgyt Fat a

wat er ortun i nversion of the

3§ﬁs:f '%%Ifageﬁoﬁyaieareaﬁmgslleﬁe ﬁmsaﬁrrs | %X%\Fﬁé’@‘h rCof BBt der ng
Hovever © o (SO IYRED IRLEE Rodld Ba\ SIS HLAnEPLESe i RVRRD.
accur aj Lye;z‘ ﬂéﬁg{a@em& e Ogﬁf&c % {00 WISAILR SIS Pleckfit

caused ream an erence

bet wee r é%FE &Mﬁgpqﬁyga r

fl oat ?o egu‘g t he oat type g\’?g Hr?g?g%h%gg?%ggg ﬁfe)ﬂpl%%%s“ﬁ%teélgﬁbsu
be g akgfctB8aselNESrCQBELERERhOPesPEE 2SRy Nenb! BRbskaRd ST thBeckhealst ype
| evel meter is required to have an apparent specific gravity of |ess than _

1. Theggberecteapdaaise &HY 18nt bRBhafdeabbeih O A LRORBAUDY ¥18&H {168 fﬁ _
utilization of the hydrogen energy has been considered to be 5 dif |cuIt

The {arept Ghdehadehdgiepegeduiel evedns@i@ent iyl Torwde e yuDpetat ed
under a high pressure for solving these problens, in order
generate high pressure hydrogen required for utilization of hydrogen
as a energy source.

15 For solving these problems, Japanese Unexamined Patent
Application Publication No. 2001-130901 has proposed a hydrogen energy
feed device constructed so that electrical insulation is not
compromised even at a high electrolysis temperature, wherein hydrogen
and oxygen generated by electrolysis are stored in separate high

20 pressure tanks while hermetically immersing the electrolysis cell in
an electrically insulating liquid in an exclusive high pressure vessel
in order to prevent corrosion of metals such as the electrode due to
coexlstence of oxygen and water at a high temperature and pressure.

This method not only settle both problems of corrosion by

25 electrolysis and decrease of resistivity of pure water at once, but
also is able to prevent the detonating gas from being generated since
pure water serves for isolating oxygen from hydrogen even when the
electrolysis cell is broken, thereby greatly improving safety of the

cell.
11



to steadily and widely inplenent the nethod for generating high pressure
hydr ogen according to the invention. 10 The invention conpl eted as

déscri bed above provides a systemfor generating high pressure hydrogen
conprising an electrolysis cell disposed in a high pressure vessel that

al so serves as a storage tank of_hydrogen generated. The el ectrol ysis cel
conpri ses pdigHgRE ¢ dihiis mediodahssstbil g@hEF eully YR dragdd cadd YoPedeYby
15 el ectrolysis of Eure water. The invention also provides a sxsten1for
gener a$1Rge MY HPPHResieR 1Yy AYBELAP LR DL eI RECR MY higfubrEing, b1gvidefrof a
hi gh pressure vessel for storing hydrogen generated and a hi gh pressure
vessel IFBeTE1RY | Hhe SlaItrpixgis [9‘5%@' t Ehe gl BRRISYehsfeisal Nas ot
electrolgsis cel | 08 ri sing pol yel ectrol yte nmenbranes for generating

hydr ogRRERNEOBRY gER gg'electrolysis is disposed in the high pressure vessel

];:O(ri?cts : S:r yor A ?fd.?rslr | g&ﬁ?ﬂﬁﬁ%ﬁ%ﬁ}&?ﬁ% %%ﬂﬁfr%%ﬂﬂv ?mﬁmr G “rﬁaﬁiiaﬁiﬁc’ﬁ?&g&g

' YAS) ) [ '
Py o ogBRE RV e, 488, 4STRRRS e’ nmbiderdes T SpafFrRhRY ity Brgrt ©
br esSUEg DELIRENCLGLEDST RESSTHLE Alodde J¥ Uh RS Y8 Silprllecs 1 10

hydr ogen™ an e I NNér pressure o I gh pressute VeEss storing

Oxyge”Br g?ch?%grﬁ;égl” Grdul v t g EEeéifff?ﬁi‘%i ﬁc} gﬂf&ﬁaiﬁ %rﬁﬁfefé?ﬂz\’i a%dig

[
cell. t he system for generafting pressure rogen has

Pressupge CQNi 4Pke dGYASELEY &¥ MG 1A 1iHEJINA MF IHYAY Hithout

respective high pressure vessels and adjusting the differential 5 pressure

LO|(R PARYVHIRARLLOWnE En Pl LSTHESL | 82153 BREE t3e bRPLLORREAL! Yairt icRlllarly
di schargi ng hydrogen or oxygen through the val ves provi ded at respective

hi gh pgesaHaERa¥eESSAE HIINT18HE rﬁhdﬂ%ﬁ%o@.ﬂ.u&'&@ PpaseHiesyey 2l MTeover,
Preferably, the system for generating high pressure hydrogen 10 has a
pressuthReCdidiDll e \Herfairedtevbeeiintonbasdtliblengnd hehehid£r Bptstadbig essur e
to a pressure below the pressure resistance of the electrolysis cell by
al | ow nhaputlee viaicarid dsheotr aeatetvedvith svriaiteggtiaetyalves oxyddre and
vessel s connected to the pipe lines conmunicating with pure water in
r espechydeopeghleakingr Eromstie¢ seldSt vyt abdel 1 twhel sy dtaamirfo mayetegrg®n ng
hi gh pressure hydrogen has a pressure control device is provided in the
pike | pficesphnahonabynyeact inguwitheoxygén | ¢eeh ivhemah Jange mussshirty wdssel
and the pressure is controlled by the pressure control device having a
sl i der oxwgensiipdéeakededtli theohighepupssurenvegbepr esSugh oftegirtcablyr 20
in each high pressure vessel. Preferably, the electrolysis cell in the
syst eniipgplgéhpgatiAgiAgsghhptesatiefhpar 5§eFei sonddsiipne pavar npy been
mul ti-layered type cell conprising a plurality of |am nated double polarity
el ect r 88 EaHQViﬁguEQtalyst | ayers on both surfaces thereof , and the
el ectrolysis_cell 25 is pl do nting.table [n_th igh,pre re
vessel so acFoh 5EoTRE, caltRoush PellIF e cPLRRE: et Rrani AL duL L REEL
T present .inyent i rQyi d fpor._ge ti i gh ure
el oo SReenReRE LA uRite ) B BReRhEELAR and ¥ 3 Foub bl PR e
is dis i j Y, . and
goner arsa i el BRpHIE SHE Sy BRE by Ikl AU ERFEL N, SRS,
Hydr 0ggi10¢Re! Bhedehtsy! 8v891bB1bNENBLGALRAGSSUNE 4ESS thedafhabAkN0ahle
el ectrolysis cell, and”oxygen 1s stored in a high pressure vessel for
stori ngnebegbkOhy poteRtia1VahfgerOBet BRb18sWohNwhehUbR9geRUi 8 WakRed.
Preferably, hydrogen generated is cooled before storing in the high
pressure vessfil ag@it Bom| NBhtd araledC 0l FiFS cadl! toRisé s e/ réddiestivity
differential pressure between the inner pressure of the high pressure
veziel ofurd eaitey dhaigeewiahc inkeak desciibeal abswee alftHdgghpgbewatsstr e
vessel for storing oxygen and pure water is adjusted bel ow a pressure of
t he presselé nesesteiddentf asha pabudhédngolygeidenbrane constituting the
el ectrolysis cell in the electrolysis process. The pressure is preferably
control |l ed b$indpusirenyater sl agyerepr b3t koed bssobre @il phesmibstances,
respective high

P the resgstivity of pure water 1ls gradually decreased when pure water

is sealed in the high pressure vessel. This decrease of resistivity
12



15 pressure vessels by dischargi ng hydrogen or oxygen fromthe vessels

and/or by transferring pure water in the vessels. BRI EF DESCRI PTI ON OF

DRAWNGS Fig. 1 is a schematic diagram showi ng the overall constitution 20

of an exanple of the systemfor generating high pressure hydrogen according

to the invention, Fig. 2 is provided for illustrating an exanple of pipe

li nes 2% poéemﬂcf@remn@fngiﬁngyaﬁ)thﬁgzaéﬂf dge toma lisgksgbeehrigcurrent

generating high pressure hydrogen shown in Fig. 1; 25 Fig. 3 is a cross

sectloﬁﬁQﬂr%F@%té¢u¥e%359u%$ﬂfﬁﬁﬁﬁe@n@n?%Y%ﬁnl%ﬁ%c$$%ﬁﬁﬂﬁﬁ@rbﬁsthﬂ teakpl e

of the water feed punp in Fig. 1, Fig. 4 shows a schematic draw ng_provi ded

for de2tefhrig W%@(drﬂalt@eohlahc%?%ﬁ‘t‘rﬁ NP Bk AP inG Eheaelestrrdggisy a

| arge electric current to the electrolysis cell; 21 Fig. 5 shows a

sc henet$¢t! dPARFELFFD HRGRI ?%?u’a%sch%snbn%e%%Rﬁl theprassyredpy arise
g{oductlon termpal for feeding a small electric current to the water

d panpCbeRtied e‘lia%?’érby Fyiyte Eliﬂ%v\ﬁ:l%\c'g’&‘ﬁ%ﬁi%? ccﬁﬂ'lavﬁ‘ﬂ{f] Be ot iRy or

e of the | evel hemati c

d bi

G i et '%ﬁa@a% SESBRFB! nT SR MR B Ry TSR wd (BEPS Mgy

F hepat d ded f b I f th
n;?hoﬁbé 2t TRe-EAPERgroTATES R &y SR Shpde e R TE R o
press”%ﬁ?ﬂfésﬁ%’%£$?ﬁdgd'S a schematic di agram show ng the overal
constitutron o not her éxanpl e of the system for generating high pressure

hydrogen according to the invention; Fig. 10 is a partial cross section
showi ng the structure of the 15 differential pressure sensor in Fig. 9;

HID 13fstE0SUREOSP $RVENPPORhOW ng the structure of the release valve in
Fig. 9; Fig. 11Bis a side view showing the structure of the rel ease val ve

in Fig. 9 zﬂcgéﬂdirléliis EhET 5 FeSECHE OPhE NN a1 Hi® @}rﬂ@éumv@ﬁtébs level
nmeter in Fig. 9; Fig 3 is a schematic diagram show ng the overa

const i &ohs08ePinghthd hiithANVAY @s0desBLiBYE LBV sIEBEHBEHVIge M @lystem
pressure hydrogen according to the invention;
and method for generating high pressure hydrogen, wherein high
pressure hydrogen, in particular having a pressure of as high as 350

15 atm or more required for utilizing hydrogen as an energy source, can
be efficiently generated without using any gas compressor. Such
hydrogen can be stably and safely generated only by electrolysis using
an electric power generated by a frequently varying natural energy
such as sunlight.

20 Accordingly, it was found that high pressure hydrogen can be
generated only by electrolysis comprising the steps of providing an
electrolysis cell using PEM in a high pressure vessel under a hydrogen
atmosphere, electrolyzing pure water using the electrolysis cell,
storing hydrogen generated at the cathode in the high pressure vessel

25 housing the electrolysis cell, and storing oxygen generated at the
anode in a high pressure vessel for storing electrolysis pure water
together with returned pure water. Consequently, a system and a
method for generating high pressure compressed hydrogen with a

pressure of 350 atm or more, which is required for utilizing hydrogen
13



25 Fig. 14A shows a partial cross section of the pressure controller in
Fig. 13; Fig. 14B shows a cross section of the pressure controller along
the line AAA" in Fig. 14A; Fig. 15 shows a partial cross section of another
exanpl e of the 22 pressure controller; Fig. 16 shows a partial cross
section of a different pressure controller; Fig. 17 is a cross section
showi ngReFReyY sthaeeubeenngshabhitphedt 5 of the electrolysis cell according
to the invention; Fig. 18 shows di sassenbl ed perspective views of the

el ectrol ysi stRethe jgenegathon syrfem fnd gnqihqd@sydescribedyabaviesr puse

pure water on the anode of the electrolysis cell, show in Fig. 17. 10 BEST

VCDE FEREARRY RS CH10 B AR 10 I kR i s S RS 49t o
f ' hi h di to the i ti i
descr: En HHEERrerFL AL SRR Deryomno thA, BREFBHEBLRE LY Jisto PrassuFe.

d h f ' hyd d ' t
R R T A e R ”Eﬁéﬁﬂ%‘téﬁﬁaﬁaﬁsaﬁsde

d hod t t.1spl d, with t | t

ar t1 T ORE BRI o a0H SEYEeharger LG PERLTE R ecHate S B ek atet e
et ai | 4bOYEe L Ee PEESLOLh Y o0l | b S S U 41l RESS QIR Jhediagen 4g jbe
saf el y "and™ stabl'y generafed w N0 USe of gas conpressors usi*ng a syst'em

for 99&9@%‘%%&%‘3 %@:%ﬁ%ﬂﬁw ad2vskoped, ban;@i‘nPé! ithgté:.h.E‘isc%g‘”p[i;iie%g'

system stituting the generation s emils princip

sane agot ie 2SxPHRed 1 4OV thie bHecRkb1yEiS- cd1hSafterNed®tifg H AW AR a

showi ng the overall constitution of an éxanple of the systemTor generating

high phessWecHgen 138884t N6nt hfd¥oddly YenedateBNEn EAE QNS rIREIY 1
denotes an electrolysis cell placed in a high pressure vessel 10 ( al so

referredl23is returned into the high pressure vessel after cooling with the

heat exchanger disposed at the outside of the high pressure vessel.

It was found that the process above enables the electrolysis cell to

be more stably operated since the electrolysis cell is prevented from
15 Dbeing heated by energy loss in the electrolysis process.

The electrolysis efficiency is more improved as the temperature
is higher in the PEM electrolysils method. Although PEM used for PEM
electrolysis is made of polymer materials having a relatively high
heat resistance comparable to conventional plastics, its mechanical

20 strength decreases when the temperature exceeds 100°C with a rapid
decrease at 120°C or more. Since the desirable temperature for
operating the electrolysis cell is 80°C of less, the heat generated
by electric power loss as a result of electrolysis of water is removed
in the operation of the PEM electrolysis cell. In addition, it was

26 found that the temperature in the PEM electrolysis system can be
efficiently and precisely controlled by forming the piping lines of
hydrogen and oxygen in the heat exchanger, as well as the piping line
of a heating medium, into branched fine tubes in order to increase

heat conductivity with a wide heat conduction area, thereby ensuring
14



to as a high pressure vessel for storing hydrogen since it also served as a
vessel for storing hydrogen as wll be described hereinafter) . The

€l ectrolysis cell conprises an anode conpartnent and a cat hode conpart nent
(not shown) partitioned with polyelectrolyte nenbranes 5 (PEM having

el ectrodes at both ends of PEM Pure water for electrolysis is supplied to
t he ard@ffdgiantighhigh pres¥ure mefisfianceepndiheat ARMUC it Yat &hiseed
pipe line 3. The electrolysis cel] is constructed so that oxygen and

hydr ogkh advagepgeeiedtoh ¢HChROHEZtRGpAT t FrePFe ekl ket hbempPebapure ment
respectively, of the 10 electrolysis cell 1 by feeding electricity froma
pover BEREEARLY RbIRPPEL B HodPY ithe Blatd e Roves eneratedPyesolar

generated in the anode conpartnent is sent to a high pressure vessel 31
Dol 0 SRIEGY F 10 GLoan A | e, FErs or Andthes adVRIsRGS Stahis

T e L O B R T
R M L I e
OLi SREBSRAGRISETLES L7 b SaRte o5, FRTRRL! ORRLSLAA0o e SHBRL 9L Yo

ell 1} i 0 il J |
heat od® by ETERTPEY O RIS ALoRaTred oy BRIHTn, SOUATRRGPERARE L O 1R | °

housed,intbpesbighnpressure vessel 10 is heated by the heat of hydrogen
when hydrogen I's discharged 25 in the high pressure vessel 10 w thout

co@ i ng, anda RN dmnekbol Bk vl OkEHPOUGME AR £687 pRi EYRGLEHKh BEM rom

bei ng broken by the heat, hydrogen generated in the electrolysis cell 1 is

cool edtiveseadt Ngci & tRiEkaNigKt pr8skubeales¥6NanEs8r bdéh aatistienaliyhe
hi gh pressure vessel 10 24 t hrough a pipe line, and hydrogen is

di schaigeéntedo the hi gh pressure vessel 10, preferably into the bottom or
in the vicinity thereof, through a hydrogen di scharge pipe line 2.
Consequent | yFot lsappeeis sgagetiat €drive adeirg el the elewtrdlysisotelbarithin

electrolysis cell 1 is 5 cooled, and hydrogen is nmaintained at a
t enper therpresstabl resbstapeeavinghehelettrolpbisi setdtl | théedpEfaerence of
hydrogen flowing in and out of the heat exchanger
15 between the pressures of hydrogen and oxygen acting on the electrolysis
cell should be controlled to be within the pressure resistance of the
electrolysis cell. However, since the pressure resistance of the
electrolysis cell is limited, a higher accuracy for controlling the
pressure 1s required as shown below as the pressures of oxygen and
20 hydrogen acting on the electrolysis cell increase. The conventional
pressure control methods, or pressure control by transfer of hydrogen
and oxygen, may become impossible to comply with the requirement.
Accordingly, it was found that the pressure can be effectively
controlled by allowing pure water contained i1n the high pressure
25 vessels for storing hydrogen and oxygen to be transferred from a vessel
having a higher pressure to another vessel having a lower pressure,
in place of pressure control by transfer of hydrogen or oxygen as a

gas, or by using both methods together.

A pressure controller applicable for the pressure control method
15



25b are neasured with thernoneters 28a and 29b, respectively, and the
tenperature of hydrogen is controlled by controlling the tenperature 10 and
vol une of cold water sent into the heat exchanger 25b. Since hydrogen

di scharged from a hydrogen di scharge pipe 2 becones heavier due to a | ower
tenperature than the tenperature of hydrogen stored in the high pressure
vesselha® bger@lsagdevelopeded with the heat exchanger 25b, cool hydrogen
is collected at the bottom 15 of the high pressure vessel 10. However, this

hydrogen i s The tfLIVIRG BAHIGAn 1(wilfy viad i smonge thed PEgSH sdiofc Fdrkde
pipe line 2 , and is ascended by reducing its specific gravity when the
! enper S0ErEPH 570 hE1 G Caie KL Shaden onRRaSSHTS (e Bredsuae, fesistance
Thi di hyd i th t t of th i gh | 20
10 ¢ nrotet ERg-f Ve S8 Lyl cedicayd the PsaHae hOTohERTPBFTo(ar CavEeD) s
fficientl | ed.. . Wi h | ect [ [l 1 i led with t
C05n EPISTRtas  Thiths) St BehPRITIP ookl or iR oligtiobmeanrcthas A maoar
h 2ba to t d ide,,th | ing ahilit f thi t 25
s notPEteeREe et hEo L oRnEect 15, et i d ity Sheliom gy Rigehelf eo
| ect ' t k ' ' b d i ter.
Thor ef SPASERFENE" EHR BEUR PR STRE hubEBbehT on i which the. ol ectroi ysi s

cell 1 is haysed i pressure vessel 10 r storing hydrogen, that
hydr ogen geﬁ%ral%%gZ%ﬁ?hgie ectrolysis cell 1 r%iﬁrns 25 to the high

pressure vesgigd é@k@ii&t{n;) At Unc Serfell 11tl 18] hRlce&¥riyGo Alndialagls 1t

is contenplated to direct di scharge hydrogen into the high pressure

vegpel e16nbyY POObENENENErEEY518hCS YY) CFYLSE6ht Lo 8LAg: tRe2aEdBrBRRI AL
conduction area is required for cooling since the heat is distributed in

the hi ghepsase|rer Mes I0lcrbdsel Psagiidts Oin bitaelhetd LREEwEsé iile/ pHeddige
vessel becones poor as the pressure is increased since the wall of the high

pr essup e fV ydtloghh b2 ¢ged eénle@ated.hi Hwevoe! afics thiel acBbrheg $ Foiot
considered to be excellent in the cooling 10 efficiency. The electrolysis

cel | ceaonbeokiingi ehel §ifberenthsldpsebaugenyshydrogrblgehemated,i bhehe
el ectrolysis cell 1 as described above, since the tenperature of hydrogen

i S not pdessupet Bofmpdmrgen Simogybgdr agyaehlabie bbs diveghtarajelyy tderteumtinfedne

tubes having thinner thickness 15 of wall as conpared with the wall of the

hikh pb¥stheepyessureigeshetancenbacefvihe eieatrodpapsomeddd and cooling

efficiency is enhanced. Accordingly, high pressure hydrogen can be

gener at ed wi¥ipble the allowable pressure resistance of the currently
available electrolysis cell 1s generally about 4 atm, the accuracy
for controlling the pressure may be within 4/10, or within 40%, when
the pressure of oxygen or hydrogen generated is about 10 atm.

20 Accordingly, the method conventionally used for controlling the
pressure can be employed with no danger of breaking the electrolysis
cell. Therefore, a pressure of about 350 atm that is required for
utilizing hydrogen as an energy source can be applied in the
conventional electrolysis cell at present.

25 However, a highly precise control of the pressure with an
accuracy of 4/400 or more, or 1% or more, is required for more stably
and safely generating hydrogen at a pressure of 350 atm, or for

generating hydrogen and oxygen at a pressure required hereinafter,

or a pressure of 400 atm for example, using the electrolysis cell.
16



placing the electrolysis cell 1 in a corrosive environnment where water and
oxygen exi st together in the invention, while enabling cool 20 hydrogen to
be di scharged fromthe hydrogen discharge pipe line 2 through the heat
exchanger 25b by a spontaneous pressure increasing function of the
electrolysis cell 1 without using a punp. Tn addition, heat_conductivity of
hydr ogBRLl$ nepeasasy ats t pergtesatitainablechyii Hpe perervertiqpasenethodsfor

hi gher, and the ability 25 for coaling the electrolysis cell 1 is inproved.
It is @PRErediimgtthe RTafigrepr &3kPeMAYEr BEERCE FPIHEr 2t M (Fhghpressure
efficientlg generated_in this invention. Accordingpto t he present

i nventYonldite peARiEafaSinGRiPEdERIGRITAPIRS SahUBART ] BEFSSUTecpf apout

d d h h f_t hi gh | 10 26 b
ot urni B ApRr BOBAIcbeI aaehnd; BB Hadt fuRERSnger 250 o the bottom of the
hi | 10 d i I d t h 15 |
vatve 16 T ogTRPr S TR FORRITSER ot Fear LOREed, i Morod coot: RO LRRIER cheS of
th I ' ' ' t i.ghl ffi g ent i
oores sERRGERY i ot S A RO RO UL 1 R

[ i u

vessel Qé%&%égﬁg%%é %gtsj“r’%'g%né%i SC Zﬁr)ege op(? S‘Eeoq'} %%ﬁa%ﬁ%}#%&%ﬁr% ?&gr ed
inth j 0 0] tLi [ i
uppl | SAFREarFERY S Safior, apiediER Bkl cRE] SLCCRANTYAS CODL MY Y
cat hodg hoP&1 S G ARG d Wl9 17 bePHESCYRHEH her&PRhE PP USS Yoot &GN Wed tO

gener ate oxygen and hydrogen. Oxygen is collected in the oxygen pool 3la of

t e el empteYYaGStREr pregkaret 2BK13tanbil 8FhYHEO8EEctE0E9E I 8CEBA 1L N Hifid he
hi gh pressure vessel 10, and the pressure of the tank and vessel are

el evat gdrudharpr pesmies the 0Xy&REt &N 0o N YEH® FEIYH T dHAMY &k dHe 10 HRARATTRY
gauges 39a and 39b, respectively, provided at the electrolysis pure water
t ank 3thandlbcgbopyessuceliessecbe 16malEspent iadiitioe thadiiigid pHessminees
are conpared with each other using an independently provided controller
(not shesmgl ¥hpnbé hBoymesd swirtth @in wajydeasi thingaerpddeibldie gitdssugte tife
hydr ogen, for exanple, a valve 36 is automatically open by a control signal
from t bbicknessl bér thendabkygas been etegstred htouyh thiwedire nesdpon 38 ttw

di scharge in the air or to retrieve in 25 the vessel. Wien the pressure of
oxdenthe pressure genenatedyor thehthitckpess of the blghrpressure messedd| e
valve 36 is closed by operating the controller. The aperture of the needle
val ve BGSiQeaﬂt§ﬁﬁpi€8ﬂlyocbﬁtgéFBéa By the PEAEFUFPelsdBAgREIngOsnthRe
magni tude of the differential pressure between oxygen and hydrogen. 27
Hydr ogéR1gkBesR R PEPB TRAEIEREHoRe ANGFEpsetilghPEPPOTtienitp !}ghﬁﬂ?a&;ﬁ

el ectrolyzing pure water. in the electrolysis cell 1. \Wen pure water Jis
cont | nSUEPS GREREEER, SEthy VPGSPRg { TREVATORS. SBhé rimeRoYeRRR 5t thE

commun P eatFych BREEe afiaakivtn BRChabiE 188,10 arBBlats e o9t ogen
veikor ¥fekinbr fu8 aRES) LFoR AR CoShodl LUOOEE ab R ERL SRR T

el ectrol ysi SIS“&Es"‘@Bﬁﬁdt £RK+ 3{na" E?E%ﬁwﬁﬁgﬁstigc&ﬂéeﬁéthEESEEOE for

invention is directed toward contro pressure hydrogen as a

hydr ogeRnheRetd%gsS @HeCREFEbtS aBr @b8LaRbeat BBbyEhe vol une of oxygen
collected in thé oxygen pool 3la is controlled so that the volune is 4% or

| ess of the ye@hugReOdotbEe F?&haﬂ@f&hﬁ@tﬂﬂf&féré& HBYp & SRS &t 181 s Vieed e
| evel 33a, in order to safely prepare
is fixed by compression by a compression pressure of a compressing
25 member;
(2) hydrogen and permeating pure water generated at the cathode
are directly discharged into the high pressure hydrogen vessel from

each cathode of the cell by providing a discharge port communicating

with the cathode at the side wall of the double polarity electrode;
17



15 hi gh pressure hydrogen. Excess oxygen is released through the needle

val ve 38, and the pressures are controlled so that the pressure of oxygen
i's always equal to the pressure of hydrogen, or so that the differenti al
pressure between oxygen and hydrogen is at least within the pressure

resi stance of the electrolysis cell, or within 2 atm 20 with a pressure
cont r odn@&f oxygen to be a little higher than the pressure of hydrogen. \Wen
t he pressures of hydrogen and oxygen reach respective prescribed pressures,
the control | €3) RHEREST 150 %@3—%@%@[@ il sypPlied thaoughom PHEe
power source 9 to the electrolysis cell 1, and 25 electrolysis is stopped
with a"abe¥r fgedRasnagevway:foxned hyea &%W@?W%?Gr%@é@%ﬁe%%églq n

t he hi gh_ pressure vessel 10 and oxygen pool 3la, respectively, controlled
as desﬁ?%ged above are always controlled with uniformpressures with the

ot oK e it PeThS el Rab e A LSHe e RS MG e
i st f | ect rol ysi L1 A di_ngl t diff tial
bt woch HES? (LRSI BOBBFERY EPBRFOLYLEY BaFreen arine el 8L ¢
ti h i L b hayi ti 9] trod
on PEVFRTaBCPRACbERE UAERE  BRnarREnto PaREntheorhbaee BE L RFBRERD Dt ne
| ect . ‘1 hi , ¢
The. nenty anat SEan. fn e Skl [oP I L] S b SR TR
| eak : t ki
or oken 1P LoReReE Ofe P YRR pLsfeREel b glecres S URENE | aey
hagpenyEopbesblipkeRohPEogertai n reasons . However, the pressure of oxygen
can be ba?anced with the pressure of hydrogen by permtting a small vol une

of pure wat efhile PideSh£ELF QKA ForPUhE Y 1d108K edbdtrJIlydi d BhQ dxyRyen gh
pressure vessel 10, by connecting both the pure water feed pipe line 15 3

and regeheratpa biyneldceeongsisdate bbereletir ehgshsghepkedsieet fasbellt om
of the electrolysis pure water tank 31, and by controlling the pressure of

oxygentogetheroxygaerayp bde cdhmohdybeonjécthtred gt watean ishetpredsat ahef
hydrogen in the high pressure vessel 10. Consequently, excess pure water is
pr evenbettdmdmalf @nidngxiygén ishetbred atadmitepZhalesiseltheavds sehibesdhugas of
hydrogen and oxygen is not forned, thereby rendering the process quite
safe. Fhetdensbry ofibsygenciscisimmadfl hgdl 042 % A0{ hg/orygtnthectaBitand
suppressed to be 4~ or |less of the volune of the high pressure vessel 10,
it canaondp&iansi ¢Ppat andt hagtmhe oxygen in the electrolysis pure 25 water
tank 31 is m xed with hydrogen in the high pressure vessel 10 even under
any breakageHeWaueT ygediaa aplensSippeaeal i theydensihyt 0 wadrremtpool
3la be accidentally m xed with hydrogen in the high pressure vessel 10, but
the coRCBRBFERFBrObi70f cHabdR orBe SadeBiationonsrLl (k423 AT bt P i

4~ aggtg gﬁg ggoviso that oxygen is an ideal gas. This mean that water
20 floats on oxygen at a pressure of higher than 700 atm, and an empirical
rule that a gas is lighter than water is not wvalid.

Fortunately, such inversion of the density does not occur unless
the pressure is 1000 atm or more considering the size of the oxygen
molecule and intermolecular force of oxygen. However, a float type

25 level meter that has been widely used cannot accurately sense the water
surface due to unstable movement of the float caused by water stream
and other factors, when the difference of density between water and
oxygen becomes small. In addition, durability of the f£loat to be used

in the float type level meter against the pressure should be taken
18



expl osi on never happens. The descriptions above are only valid when nornal
electrolysis of water is not maintained. Usually, a safety OFF node of the
power source ( see Handbook of Safety Precautions and Control in

Manuf acture 5 of Sem conductors, Harada et. al., published by Realize Co.,
1993) functions imediately of ter the controller senses an abnor nmal

el ect rirteugenplderakibenr egcawse dhe fdoatopsed: £orn bhetflogkiame ileyel
systemis stopped to ensure safety. A damage nore than breakage of the

el ect rBe¥SFsigcreauiredii® PRYhAFpERPBY Rt FRASLEbEIEAYLRY ptesss dhan

caused_by m xing of hydrogen and oxygen. Since_m xing of oxygen and
hydr ogdn’ dIRSTEEORE o FIRITHRAC LR @%oF 1 1A tIdaRlS $PoacRresdiTe magp irsd,

| evel not ectable a no | by nonitori the current _and voltage of

e conr BETGLESEL 02 ERBOHT A5 oGFPNSBRTaYy BiA PreRebaBatasaRoatg Y

hy og§9f¥nan§$ucer 31b, and operation of the hydrolysis cell is urgently

st opped: h&Pefor e, hi gh pressure hydrogen required for utilizing hydrogen

ol h | l.ysi Il 1,
fhe cat hoda FiRelSef o et AR v IFbad sl Leugy RE chreebeFcbey) He Sl i
dth . : .
hycr ogERSEE beeoREABE" & s g ei#q‘éﬁ%e???o?%?’@h%?ﬁ%é? Fr g 3’5‘?3’&?&"'
Wh h ' , ' 10
Nl A N S o Lo
| U sl oplrk o61,@WS nYdlroB¥nadledraidgt 8 2REM iHVBneliohhe needl e valve 16.

Pressure decrease inthe high préssure vessel 10 i's imediately sensed by
t hEQ pr essur ergaugfivélPionndompletegt 4 ca@%f@@édféww% tordeadd eftdyd vem S

cell 1 fromthe power source 9 under the control of 3
for generating high pressure hydrogen comprising an electrolysis cell
disposed in a high pressure vessel that also serves as a storage tank
of hydrogen generated. The electrolysis cell comprises
polyelectrolyte membranes for generating hydrogen and oxygen by
15 electrolysis of pure water.

The invention also provides a system for generating high
pressure hydrogen comprising two high pressure vessels of a high
pressure vessel for storing hydrogen generated and a high pressure
vessel for storing electrolysis pure water and oxygen generated. An

20 electrolysis cell comprising polyelectrolyte membranes for
generating hydrogen and oxygen by electrolysis is disposed in the high
pressure vessel for storing hydrogen generated, and the high pressure
vessel for storing electrolysis pure water and oxygen generated
communicates with the electrolysis cell.

25 Preferably, the system for generating high pressure hydrogen
has a pressure control device for controlling a differential pressure
between the inner pressure of the high pressure vessel for storing

hydrogen and the inner pressure of the high pressure vessel for storing

oxyden to a pressure below the pressure resistance of the electrolysis
19



the controller to start electrolysis in the electrolysis cell 1.
Consequent |y, hydrogen with the sane volune as the volune of hydrogen

di scharged through the valve 15 and needl e valve 16 is generated, and the
pressure of hydrogen resunes its initial pressure. 5 Since the volune of
hydrogen fl ow ng out through the valve 15 and needl e val ve 16 increases by
sl owl yce¢htreasing the aperture of the needle valve 16, and the pressure of
hydr ogen decrease. However, the pressure decrease is imediately sensed by
t he pressur PERiREABYS, el srREemdiaR gsmenat ing fighe DEessare ¥‘IY n
through the electrolysis 10 cell 1 fromthe power source 9 increases by
oper at '3 & RESESHTLoFPRETOL EvdIRP F-EsRFﬁ‘h’gdquéoirn‘FFPﬁFr pRrEshp PTEFFULES he
vol ume of hydro gen rel eased throuqﬁ t he val ve 15 and needl e valve 16 is
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h d t furth 15 ' t t
B RCOREHHNES P8 RERAERCI RELGNoERE BYCRgBraoEAPEaRenRRIOF chbct e

?%%“E%%ecléwiyggﬂrc%é%% Fiserhenaiyoteetl e ofr oot frStio pg 31
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anount d gen cannot be increased after the electric current
flomnntﬁ% Hﬁggﬁfgﬁoxg¥gégurce 9 to the electrolysis cell 1 has reached its

maxi mum an ur fg efsit fﬁﬁf

nor e. There:‘jl(D)ir%P e %e%%ej%ﬂmun%%%&&%ggﬁ%%fgﬁ&%' m
anuUnt ok BygiegsﬁrahaaneealbaeeeesrQ&eﬁra‘;w&ahfobygagh%hﬁ Cehla 1 cannot
be supplied. Wiile the pressure of the high pressure vessel ?

mai nt adnefebneifl o5€d s HeFe L aSHr€ssihe b@.dﬂ@%nmpﬁessﬁzeaf&mhd@@f the
pressure in the high pressure vessel 10 should be urgently decreased 31

in an eher gkseyrodndibydedlyebyi allbeihggpupecnavee trosbhel ti@nafdrosdgby i n
t he oxygen pool 3la of the electrolysis pure water tank 31 are urgently

di schasgttichThg thevealGessinpehebyeastdsatonaktyedpeoathagpipe tanesol | er
5 when the differential pressure between hydrogen and oxygen increases by
r el easeomiuhydatgeg withypeneiwsateschmargespddirionhidie prrsture alesselds so
that the pressure of hydrogen in the high pressure vessel 10 bal ances the
préssure of Brefenablyt hthexsystepobér Henexating dilgh matessurelnysinogesy
31, so that the differential pressure between 10 hydrogen and oxygen at

| east haFl 8 prespureneoptrodufeviesi saprevifledhdnekbet pdbgsildneel | with a
little higher pressure of oxygen than the pressure of hydrogen. Although

t he de§€W“BPF-Sﬁ§i&Ed'(/%tWr§i vatar fibked dnopach ilgmerssenrereassel ansl
needl e, val ves 16 and 38 and electric current flowng 15 fromthe power

sour cetBet BrFﬁEuEFeE?rB‘PQEF%]'{:%@I bY the RIRSIYTRMSPIEGRT SleEire g & a1l
trol t t i trol

Core PR SRR e SR RS R0 P e

eQﬁfgyinthgcﬁoﬁErﬂll Sgagechase &he change of t he natural energy.

Accordlng re°Ro erSFgﬁs

Preferably, the electrolysis cell in the system for generating
high pressure hydrogen is a double polarity multi-layered type cell
comprising a plurality of laminated double polarity electrodes having
catalyst layers on both surfaces thereof, and the electrolysis cell

25 is placed on a mounting table in the high pressure vessel so as to
be compressed with compression jligs from above the table.

The present invention also provides a method for generating high
pressure hydrogen, wherein an electrolysis cell comprising

polyelectrolyte membranes is disposed in a high pressure vessel, and
20



20 generating hydrogen using the systemfor generating high pressure

hydr ogen according to the invention even by using the electric power
denerated by the natural energy that has been considered to be frequently
changed. Wil e hydrogen is discharged in the high pressure vessel 10 from
25 the hydrogen di scharge pipe line 2, hydrogen di scharged contains a snal
anountRBATQReR NG ARYAER AT ¢ gedenatedelY gl artka s o of purewater ¥eLngm of
t he higg%pressure vessel 10. The anount of water is always nonitored with a

| evel ggleotrolysis celle HY 4ro98h geReia te b rics FHaRas difbdilte Sidht er
is collected 32 EﬁcdiSChfr e i inio a ter rei rvoir 20 thrpu%h a
needl PTEFTRTEFOSSEIFORERID nwﬁl@re &SNS 1T 6§ ﬁ'g L oxYOER 1Y SERERG he
wat er leveh descends to a E%SS ribgd evel. Since hydrogen is dissolyed in

vat er Hi ScHAPYRF F50he KEs H Fresifp LIRSS RYGPIFRYPT Sogrsher

co%lectig?in ghe ter_reservoir 20. Nitrogen with a controlled flow rate
by %a n eF Vet tR®23PYECSYiBbFFed into the water reservoir 20 froma pipe

b i . d i vt er ! .
hrough a 1 185 esep iy ol oBbbtARER 3 U LERERR et Coblifa B rpe

thr. _ i 5 FGRES sae
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cel | 115 NOBrORltabiy A iie | GREELELARLh o DL IRLAL Becdlipl L {dferthe

el ectrolysis c y heans a water punp 32 di spose

el ect rgfaggﬁré%ﬂoeﬁs MRIEpré 854 ré b dsk eihfo £ ERF MR My EPOYE IdhdtBe 1hnelhe

wat er Teed punp 32 conprises an induction notor and propeller type water

fagd pppessateWRLRE higKW pes sutel ve §661 (i%tza§£§rlhgrcﬁﬁf%é@i bhabsu e saitiehed

hereinafter with reference to drawi ngs. Pure water discharged fromthe

wat er feeddpusped’beloweat prasoure bhetrbepteobibbsresibtanaét 68 bRENg
cooled with the heat exchanger 25a placed in the m dway of the pure water

f eed ppptyelaetBolyhe mempeant uc@ss tf tptirg WherelagtoBesi® asld rigl eared
fromthe heat exchanger 25a are neasured with the thernoneters 28a and 29a
provi dellesbralysbscpopeease \Ihd pressies xghaafprallly ddwetidbl @ diy ol ysi s
cell 1 is designed so as to be able to electrolyze at a desired tenperature
by conadptisthpgtthe hyduagenprassungaand oxygen pressone d i éspget hvehighnot
shown ) through a cool water feed pipe |line 26a using the controller. Since
puie waressuse| eeseels oY Kisohantging bydrpgea oatexygenkfrom the vessels

and/or by transferring pure water in the vessels.

BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 is a schematic diagram showing the overall constitution
20 of an example of the system for generating high pressure hydrogen
according to the invention;

Fig. 2 is provided for illustrating an example of pipe lines
disposed for enhancing the cooling effect in the system for generating
high pressure hydrogen shown in Fig. 1;

25 Fig. 3 1s a cross section of a water feed pump powered with an
induction motor as an example of the water feed pump in Fig. 1;

Fig. 4 shows a schematic drawing provided for describing an

example of a current introduction terminal for feeding a large electric

current to the electrolysis cell;
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33 31 is consuned by bei ng deconposed i nto hydrogen and oxygen in the
electrolysis cell 1, water surface is continuously nonitored with the | evel
neter 33, and pure water is replenished fromthe pure water replenishing
tank 44 considering that the volunme of oxygen in the 5 oxygen pool 3la is
preferably within 4% of the volune of hydrogen in the high pressure vessel
10. Wil e rdplteni SHRMNS 3 Fehemakt@rdravinghiPERVEdedi for tdrseoiRing | ap

t he val ves 40 and 42 provided between the el ectrolysis pure water tank 31
and pu¥afRiect aprEReafiintrefnconterpipatfon f£epding & snaktelepdric

el ectrolysis pure water tank 31 is co catiﬁgﬁmﬁth a pure water storage

o
tank 489FReREgHC atRectabrhel PPAPYR AN i%Y% F®E: 1 ine 51b. Then, the
val ve 41 of e fee ipe line 51a and the valve 43 of the_return pipe |ine
51b ar o opert18ndt pih i crifemgfyd rpifnd Provided sof afeciiiubyten

t ower 46a a filte 451 thg Bu%e wat er replenishing tank 44, the return pipe
i Fe 5352TRESt R Bﬁ?e Gt erme SFage tank 48 in this order by operating a

47. \Wep, i Vit L ] | Stivi
B o neBd 57, vk e ol S YRSl B BIRMEE S Al B LA bt
] Lot pyLt 41 d 43 I d dth 47
Pgezfg%%gﬁ?igﬁg?ek¥éf??F%%g%gﬁgvgﬁ¥g§mate?nrepleg{gh?ngsfanﬁn44 mftﬁugﬁre
¢ havi hi ah LY . g b ih
bur o vt er TR ot oT e o4 R m At S e R B e LT 2R

the oxygempRe®s 3hd MbthBE FoLELAANY EheWirAN i Sle Ednedlat XN GR] | NY

with the pure water replenishing tank by opening the valves 40 and 42.

Homeveyalsi B6ethe HRghCPPEOBARE v&sBegsent in the pure water replenishing
tank 44 filled with pure water, substantially no volunme change is observed
with negligiblg. chamgasschehdl Pr@sdan shohehgl the overdEL Wiingyt iitutiifon
pure water replenishing 34 " tank 44 spontaneously falls down into the

el ect r of ywicthpr exampie diitke3ddydyen fayi doneratihg @i gh peessere hydiogen t he
el ectrolysis pure water _ tank 31 enters the pure water replenishing tank
44 by aepbading por th@atisvention;

Fig. 10 is a partial cross section showing the structure of the
15 differential pressure sensor in Fig. 9;

Fig. 11A is a cross section showing the structure of the release
valve in Fig. 9;

Fig. 11B is a side view showing the structure of the release
valve in Fig. 9;

20 Fig. 12 is a cross section showing the structure of the level
meter in Fig. 9;

Fig. 13 is a schematic diagram showing the overall constitution
of the third example of the system for generating high pressure
hydrogen according to the invention;

25 Fig. 14A shows a partial cross section of the pressure controller
in Fig. 13;

Flg. 14B shows a cross sectlon of the pressure controller along

the line A-A' in Fig. 14A;

Fig. 15 shows a partial cross section of another example of the
22



5 The val ves 40 and 42 are closed by confirm ng that pure water in the pure
wat er repl eni shing tank 44 has flowed into the electrolysis pure water tank
31, and that the water |evel 33a has returned to its original |evel using
the | evel neter 33. Wen the valve 43 is closed, high pressure oxygen in
the pure water storage tank 48 is discharged 10 into the air through a
filterPE®ssure ¢Prtpebbelite of the pure water storage tank 44 returns to

t he atnospheric pressure. Subsequently, the valve 41 is open and pure water
i s circul at &Sy cEheWsng PAEtdaLPCRISS seqbion f fudd fferent PpRE/FIFR ng
tank 44 with_pure water, thereby replenishing the electrolysis pure water

t ank T@o%ﬁx%}fﬁrbure wat er again. Since the pure water storage tank 48 is

conmuni cating, w th water tank 56 through a feed pipe |lines 51, a pu 55
i s automat i c‘gWy lc?pg?eﬂ SFORFefethionathy I@/épeo‘thﬂgt%? éﬂﬁaﬁéitaé‘bg'ﬁg‘%e
tank 48 is d ded. by, | eni shi t jnto t t

o enpErEnG SESPERIHHLS F L Aore et e bie A kSt Gn hat or TS suppl i ed
into th t t ank, 48 _.by bei . ted Jnt t
through t he T S0 AT AL anaPnBSaHerRRe S B ECuS e 8 sRBCRABE YRI5 ne

m dway pi pe. ] 51. Fig. 2 shows piping in the main part of the
systen??i}ﬁ%%fgggthgS %ﬁgexanple of piping for enhancing cooling effects.

I n thi , t LSpl ' j fgel
g pr essurcs Joobel T0 L ALOuah ca P P Ly or o (e Tubee ot I alpdkt”

, b ' ' [ 2 b f
gpancL?ﬁSP%?péig?%%g%%g%g;ggggdggﬁﬁﬁﬁiﬂﬁgg%PE%Z%?635 yiHE?RZ gigﬁ pressure

veggsel 10. Hydrogen is discharged again into the high pressure vessel 10
fromthe bottom of the pressure vessel 10 after allowing it to pass through

t he heptsexROBRIPOR 2ERARRAY BRESEUT 2OF t PRE MikvaNTOONt he plural fine tubes.
Using the fine tubes permts 5 the heat conduction area to be increased

whi | e enhancprgfétcedembodimenhtsi ¢f 8Re&yHtdMEopigeneddtisr) high priessiitid €

inmportant to keep a hernetic property at the branchi ng points when the

hydr ogepddogehaageopdprgl taetBei snbenabtbrdwill be described in detail
hereinafter.

15 The invention basically provides a system and a method for
generating hydrogen and oxygen by direct electrolysis of pure water
using an electrolysis cell comprising an anode compartment and cathode
compartment isolated with each other with a partition membrane such
as a polyelectrolyte membrane.

20 As described in detail above, the present invention enables high
pressure hydrogen to be safely and stably generated with no use of
gas compressors using a system for generating hydrogen and oxygen
developed by improving the conventional system. Each member
constituting the generation system is principally the same as the

25 member known in the art.

Fig. 1 is a schematic diagram showing the overall constitution
of an example of the system for generating high pressure hydrogen

according to the invention. The reference numeral 1 denotes an

electrolysis cell placed in a high pressure vessel 10 (also referred
23



into the fine tubes 2a, 2b, and so on, fromthe high pressure vessel 10 10.

Accordingly, a novel nethod is enployed in the invention, wherein

through- hol es that penetrate the wall of the high pressure vessel 10, into

which the fine tubes 2a, 2b, and so on, are inserted, are formed into

t apered shapes fromthe inside of the high pressure vessel 10, and the fine

t ubes BP@sherkdgh pFesguevessal tifiustREiaoiyy dyoger singel btidqkse geaved

hol es wi th wedge-shaped caores. The tenperature of hydrogen flow ng in and

out of 2 REfeleforasferingphiAronenses ottt thf desShimadk heredpatitezohed
de. of ne tubes 2a, 2b, and so on, tao the heat

he j nl i h i
ocharrhd' Sell i Ptis el ] MotsDERed Hn, Finde CoRa AT WByd GRS | ne
t ub 20 2 2b d f th t 25h. he .t f
o ogEampartgRnr ol fef Snduthman feibnel S Horbale chre e feding afye
i t into,the h 25b [ t b |
SO | o PrER) hag iy e TbOntaRel TRk BRERTPRRE FEoRENL i WGy A 0 25
| i th h the.fi t 2 i d i t h i gh
Coos ol d18BtER L RU ohiBBa pBo  MRESRBAR NI S il BF EhLRCEII VRS
b f i i Lt i T f
ool nBEELCT A pGEE DELEH L0 (Wipd Buicd P EFh R SRS R Adi® O

s SUpggi @&,éfﬂfe@e&%@ jtﬂ?tv@iﬁeﬁ ahla ﬁ??ro%ﬁhal?e @mratgwhh%&%gdémy

be used for cooling the electrolysis ce 1°to a tenperature of ,

exanpl gomBAretmeht! 888 WHeRoHE GSHEEEEﬁénE,hﬁé&pé&tib@i?ﬁ°b¥$iﬁe0f wat er,
whil e serving for warmng the cell at OC or nore when freezing of the

elgrtr ghyeteotokhislcbgiwer b%edeédﬂlﬂgi 8letbeibaty pebmod gswébessheebr ol ysis
cell 1. Pure water in the electrolysis pure water tank 31 nay be supplied
to thethReedghsadeaehotiBelgheckr ahiisafi afblelidhken.cooing it with the heat
exchanger 25a. The return pipe line 4 is also branched into a plurality of
fine tubes 4doxydén gefesated, intthebanodsdi egmpapeménteidOsédt dtspasrilght

t he upper part in the high pressure vessel 10 as shown in Fig. 2 in order

t 0 conpreksuie tesgEl dilu(@led Hdferaledctods/aislecttolly§impure vatehychmdgen
di scharge pipe line 2 . The tenperatures of pure water as well as oxygen
gener abgch hlighpressireyesisel foeshordngr exygen hdar skehingelerdgolysipure

water is supplied to the bottomof 15 the electrolysis pure water tank 31
antd st puse vater through a return pipe line 4 together with a part of pure

water supplied from a pure water feed pipe line 3, and is stored in
a oxygen pool 3la having a small bottom area provided at the upper
part of the electrolysis pure water tank 31.
Hydrogen generated in the cathode compartment of the
20 electrolysis cell 1 may be directly discharged into the high pressure
vessel 10 and stored in the high pressure vessel 10. However, since
generated hydrogen 1s heated by electric power loss during
electrolysis, the electrolysis cell 1 housed in the high pressure
vessel 10 is heated by the heat of hydrogen when hydrogen is discharged
25 in the high pressure vessel 10 without cooling, and PEM may be finally
broken by the heat.
For preventing PEM from being broken by the heat, hydrogen
generated in the electrolysis cell 1 1s cooled by leading it into an

external heat exchanger 25b outside of the high pressure vessel 10
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The tenperature in controlled not only for the tenperature control of the
electrolysis cell 1, but also for preventing pure water within the
electrolysis cell 1, electrolysis pure water tank 31 and fine tubes 4a, 4b,
and so on, fromfreezing. 20 For exanple, when the atnospheric tenperature
has decreased below 0 C at night during the halt of operation, the

cont r otheeugh @ pipewnecasdhydrogempsr disckarged dante therhigle pressure

t her nonet ers £denotes by the marks o in the dramﬁng% provided at the fine
t ubes ¥essab, landPEeferabEndipte cthRteet tem R imethe ckiebnitysthereos,

el ectrolysis 25 pure water tank 31 and fine tubes 4a, 4b, and so on, is

pr eventBREORIR N f REATPISN Y1 FPRAF 99 PIPR WhRer2i ntCPnIRIveRtdhy it Hedke 4

for pure water _and o&ggen (o40) risin%:the ure water. feed pipe line 3 and
bl ur 1 SFRAEREAERY 4Ehe 1 Chile PRHEE hPh@artiny Santge H s Sed lodn 32,

Ceper S0 or SRAORYAEHER of BRI S SRR /A hofRernlivgs Brlivols Soc

2 purpSPeERb PR e sFSREYO Ee 8o Fbr “Cool i ng the el cctrolysis cell 1'to a
Serving for VEPRPTBEYReS BFYThgtn E1eni ST SO e b dent bl or
LS8 B A T 0, S A i

and 5Otgﬂﬂekétﬂf:@v&ﬁ%?d'hr’&gtefkgig' A VRS bl}“ESn’é@Bﬂkhg%eﬂ:e&%e&%rture

cooling pure water in“the el ectrolysis pure“water tank 31 int i nventi on.

CorpeqHRat L¥1uhBeofeabeaakit8rofehbe1ft 6CLRA! H8hE &R8bhaRgéRN288. NDre easily
controlled while efficiently preventing pure water in the electrolysis pure

wat er tank 3§1ﬁé9nh}dﬁ@éé@QdiE@Earﬁe&Sféoﬁrésﬁy§§6§éﬂnd§§@M6£§eaﬁiﬁéaﬂp!e
of a water feed 15 punp driven with an induction nbtor as a representative

exanpl Beebmébehsaeerf @ed Pon®d Loverd Ntdnpert it GhdhaHeefremprratutecd 71
denotes the bottom of the electrolysis pure water tank 31, the reference

nunmer ahyd?odenosesreéd piif eheahegheptrés Paré ,vdédeel aftebgnceobim@riie Dt s
a water feed blade, the reference nuneral 74 denotes 20 a rotation axis,

t he reWwithndee meatr ekclibndend &8s, @oodt bydropgenht s coldedftead atethdpbottom
integrating a lamnated iron core conprising a lam nated nmultil ayer of

sild confsthelhighpeessure vesagé 1§pe Howsprer cdhlisahydbgpgenat$ niglfked up
resin, the reference nuneral 76 denotes a drive coil prepared by w nding a
coi | obyahyédregenyklowing igvframdheshydnrogey disphargesphpethine f erantte
nuneral s 76a and 76b denote | ead wires for supplying an electric current to
t he dril®i agceried hhaedardngnéts mpretf 1 prfstidive yhen, bhat tempeeaciyryy idoi |,
the reference nuneral 77c denotes a rotation_sensing nagnet, the reference
nuner al8c¥9assfqby7Hakidngt eentagd Withsther efRetrolypisncednsiing ™%, the

79 denBPEETALhAL i %%%vfaf?%&%ﬁeei ﬁﬁ}%ﬁ%ﬁéfﬁihi‘s{‘ Ege aﬁﬁﬁa SRS Hpesel
81 | . T i 76 76h,. 77
it 7780FBE Bl g NAa T5rnf RER LR s o208 HEG 938 s St o

gui ded t @ _t I (o] el ectrolysis pure water tank 31 by neans of
eIectrﬂcggugggggi?hgigdéggggﬁ'terninals penetrating through the bottom 71

by bei ng While the electrolysis cell 1 is cooled with pure water to a
certaln extent by feeding pure water that has been cooled at the heat
exchanger 25a to the anode side, the cooling ability of this pure water

25 1s not sufficient as compared with the electrolysis cell of the PEM
electrolysis system known in the art that i1s submerged in pure water.
Therefore, it is desirable, in the construction in which the
electrolysis cell l is housed in the high pressure vessel 10 for storing

hydrogen, that hydrogen generated in the electrolysis cell 1 returns
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electrically insulated. The water feed punp 32 so constructed as descri bed
above starts 10 to rotate the rotor 75 by feeding an electric power to the
driving coil 76 froma power source at the outside of the electrolysis pure
wat er tank 31 together with rotation of the rotation axis 74 fixed to the
rotor 75. Consequently, the blade 73 is sinultaneously rotated, and pure
wat er ta the Bilght pEpgsprepuesseht hpusing thej elegphpplraisoceldlt heafsen
pipe line 3 fromthe pure water exit port 72. A magnet 77c enbedded in the
rotati 6AC&LNG-74 rotates together with rotation of the rotation axis 74 to
flow an alternating induction current_through the coil 77, and the

control l er chhthepekdt tfeconienniatadbtedirestlndlsehssgedrydyeden grtq he
alternating current . 20 Héiﬂ4 shows_a schenmatic drawi ng provi ded for

descr | BIAGTAN BRSRBPEC oSSl t P& OPRtBaNS BhODATARRATS bporaldiiaple
{or? goRePRPrieRE (oPRECEhDR HotR L FETHLE SA% A9 LA & It B Host

n | nndP SLAG T eod (s PRE R B AAREL SO d ot oo H A RBLHOPn HASHRAL { ho
ot or cReBoRUREVEET(3F Rl Veusls, BREANEE 50 i rB PERaBERG T atcriieg, o

950 denqhe el gludiioks AL SR SEEREE-RYIRIAL: 96 JE10LER A% 08 g "o

the reference numera ere ence nunera

denot efrhare%gﬁm?{@me&ﬁ&a@ﬁst S HEES erth 96y s§cé]1_i%§vxgme£ﬁ8 dSSBIfdnce

nunmeral 100 denotes a nut, _ and t erence numnera notes a vessel
wald offeheiBhal.pressure vessel 10. Since the conductor 90 is penetrating
t hrough the vesSel 5 wall by being electrically insulated fromthe

el ectrol ysi sTRer&1 ¢@t 25 1yeEs Ve 131 cakl! 66 lifaidierAR BBolbaANSY HiRhdFrPmd he
outside to the inside of the electrolysis pure water vessel 31. Fig. 5

shows ayaebgentdendiraudd dn e Ut 61y 8es Tellli Dasate ORI EaBbva , Eiident
introduction termnal for feeding a small electric 10 current to the water
feed ptthp 32mpedatavel ofehgdradgencist nbit dagstibatensthaywheregengineééng hi gh
pressure hydrogen according to the invention. In the drawing, the reference
nuner ahy@togéemr e beal vsgsatgedithrofightfind tobeslhsringthinnararhickiesi ,
the reference nuneral 111 denotes an insulator stuffed with a resin such as
a bur abffewabbas compesied, withl theewadlafribe highrptessipraiyessed 10 cdpmat
wire covered with an enanel coating. This construction permts a nunber of
el ect r conducgd vigybdsi pet stmnubniged and cpbedingl ¢Eftcheneywhs enhanded 1.
Fig 6 shows a schematic drawi ng provided for describing an 20 exanpl e of
the | evel nedefordéngiy.théghnpeessere hydregerrean e generated without

placing the electrolysis cell 1 in a corrosive environment where water
and oxygen exist together in the invention, while enabling cool
20 hydrogen to be discharged from the hydrogen discharge pipe line 2
through the heat exchanger 25b by a spontaneous pressure increasing
function of the electrolysis cell 1 without using a pump.
In addition, heat conductivity of hydrogen increases as the
pressure in the high pressure vessel 10 is higher, and the ability
256 for cooling the electrolysis cell 1 is improved.
It 1s also evident that high pressure hydrogen can be stably
and efficiently generated in this invention. According to the present
invention, in particular, hydrogen warmed by the electrolysis cell

1 ascends and reaches the upper part of the high pressure vessel 10
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the reference nuneral 120 denotes the vessel wall of the electrolysis pure
wat er tank 31, the reference nunerals 121 and 124 denote fixing screws, the
ref erence nuneral 122 denotes a copeer wire covered with an enanel coating,
the reference nuneral 123 denotes a press board, 25 the reference nunerals
125a to 125c denote el ectrodes plated with gold after pealing off the
enanel P¥cEetRER1RG P YHeo g3t Soodesd apnthe heds ed@ﬁ’@t%@razﬁpaﬁﬁ thesihptdame

el ectri cal re5|stance bet ween the vessel wall 120 and el ectrode 125a of the

| evel REt EE%@ gh EBﬁ%FPEEt‘éﬂS%%lg%‘%cﬁ“g)%dl%t}b‘%ﬂee%ﬁqq etrftr%ﬁgh hlac H@]ég%cltf’rzode
12 i 40 i 125
sonoor Bad- PrendBovalver %6, ﬁ°5§t53§2}§5 harbEe E%Emmﬁ%gia &i?%ﬁfgf%ro ?nﬁt :
b
{S? r§r§§8&éﬂﬁiﬁ%f€aa¥i§$neé%ﬁz€€d&& ; g@mﬁﬁ? cBLL L B1bR LS SRt it 1"
3
B 9 S e PR 5 AT ey
bl ,
Shons onae fakb8eh Herd, agreﬁdg‘ﬁmeeZ?i?%ﬁf&%gﬁ%gﬁgem%fég‘ﬁgg%%%%?gﬂ%‘ﬁy
provi ded g ?sEﬁQr WS g0 %h%hﬁigheﬁgggkﬁ§bsggggggmﬁbeﬁg ﬁ WQB%Qn'S

different fromt e wat er feed ace hé e wat er

tank 33 séhQi‘FE 91 gof fe le%Panéoerfédoé%cp%gsb%% &%9 hé ﬁi’ féscaué/

di sposed rel afi ve o a water feed rotation ade 127. e pu In unit
and rotakiken hbade 127, and ring plate 15 130 are nade of a non-magnetic
mat eri al such as stainless steel, and the space between the nagnet 129

fixed on thewnehaén @¥lddtade iaa%e@nﬂstdtﬁlﬁmgﬂﬁisﬂf%ufpmq@doﬂrbhetﬁélﬁoﬁrthe
notor 128 are separated with a thin partition wa 131 nmade of a

heat - r @®ugiceve pbasheceldcbratysipotyl et hethedligh - Ked adedhdds i M ieE=kgna 20
The magnet 129 of the rotation blade 127 attracts the magnet 129 at the
not or AA8dei ddnky 7enphaei watelre isopshtiauoaslys edestirolgdedbave genrdattiee
rotation blade 127 floats and is fixed in the space. The bl ade 127 rotates
w t h r oxygeonanfli hyiérogent R§gdurds walldecftedndn hhe brygem pbolhkla of

el ectrolysis pure water tank 31 connected 25 to the rotation bl ade 127

si de, Wwhel elegyyedysiswpurat watees tapkr3pawhibé hndregentiolgsileqied imt er
tank 31 connected to the notor 128 side. However, these portions have the
sah@ ptégshighspreesureyessel A 0handakkee @%@:ﬂfﬂb‘l‘%/slifs ther tankt and tegkselnd
no differential pressure is applied to the partition plate 131. 41 Wi | e
pure wWaEEr el8vatkeda| ectrol ysis pure water tank 31 is sent

The pressures of oxygen and hydrogen are measured by pressure
gauges 39a and 39b, respectively, provided at the electrolysis pure
water tank 31 and high pressure vessel 10, respectively. The measured

20 values are compared with each other using an independently provided
controller (not shown). When the pressure of oxygen is higher then
the pressure of hydrogen, for example, a valve 36 is automatically
open by a control signal from the controller, and oxygen is released
through a needle valve 38 to discharge in the alr or to retrieve in

25 the vessel. When the pressure of oxygen is equal to the pressure of
hydrogen, on the other hand, the needle valve 36 is closed by operating
the controller. The aperture of the needle valve 38 is automatically
controlled by the controller depending on the magnitude of the

differential pressure between oxygen and hydrogen.
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into the anode side of the electrolysis cell 1, the electric current is
supplied to the notor 128 through electric wires penetrating through into
the main unit of the water feed punp via current introduction 5 term nals
as shown in Fig. 4. Fig. 8 shows a schematic drawi ng provided for
describing an exanple of the nethod for sealing the through-hole forned at
the side walHydgogen andiexygessare genstpted sp puproRexeionmf dygdnin
vessel 31. In the drawing, the reference nuneral 141 denotes the side wall
10 of Y¢ume by glessgodyedagepure gratry dndher edpategiyess eakk|l 31 Whrn
denotes the inside of the vessel while Y denotes_the outside of the vessel
the r RAEFe ks aPrEipugRady elepinphzed hy PéPéF-BHthﬂLN@‘éFFS Pppand
denotes_a core, the refer nce nuneral 143 denotesgah é%? t he reference

numer af” ﬁ?&““ﬂ’é’r?d%%}i‘%?hf”% §PeCORYISR RPYh S 1kt 8P IR RS Fa3ves
Bt 3 ﬂf ecﬁmﬁrei%tfw L the AEek BRoeEGEe Vadtef oT6  vEBRRRE 1 g

if‘a. DE RO HETWSESe "o P B P WESHASL PR, BERF o
i gh O 4 h
S Bt 7 L o SR 41 00 L e

Sea' edcﬁr&lié‘%:?;ﬁe%”g'&gyo fa Mrﬁ@d £ the! ?ﬁéﬁbiyg%&gﬁfé ’134%%] ﬁﬁ]rg:?ts re

erng imaert 0 the's
descrlgf oglgi ﬁé Fig. 8 a conner0|ally avai | abl e connector nmay be fixed
in the t rou ?e of the side wall 141 using a tapered screw, and the

pige |ine 14@1:{@& e peakedtihveh ol WP VR tHH t8GadRSE6H PLEL I G 'ﬁ':l%h 8.
Fig. 9 is a schematic di agram showi ng the overall constitution 42

anot hepre¥sape thyirdden %)&heﬁ%']d@égéh@ Rafextdy Gotirdls , P €S P dBEH 1 that
according to the invention. This systemfor generating high pressure
the volume of oxygen collected in the oxygen pool 3la 1is controlled
so that the volume is 4% or less of the volume of the high pressure
vessel 10 by observing the water level 33a, in order to safely prepare
15 high pressure hydrogen. Excess oxygen is released through the needle
valve 38, and the pressures are controlled so that the pressure of
oxygen ls always equal to the pressure of hydrogen, or so that the
differential pressure between oxygen and hydrogen is at least within
the pressure resistance of the electrolysis cell, or within 2 atm,
20 with a pressure control of oxygen to be a little higher than the
pressure of hydrogen.

When the pressures of hydrogen and oxygen reach respective
prescribed pressures, the controller automatically stops the electric
power to feed from the power source 9 to the electrolysis cell 1, and

25 electrolysis is stopped with a halt of pressure increase.

The pressures of hydrogen and oxygen in the high pressure vessel

10 and oxygen pool 3la, respectively, controlled as described above

are always controlled with uniform pressures with the oxygen pressure

a little higher, and the differential pressure between oxygen and
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hydrogen is basically the sane as that shown in Fig. 1, and conprises a
hi gh pressure hydrogen vessel 202 constructed so that an electrolysis 5
cell 201 is acconmpdated in a hydrogen at nosphere generated, a high
pressure oxygen vessel 262 for storing returned pure water and oxygen
generated, pure water pipes lines 216a and 216b t hrough which pure water in
t he hi¥dpeeen dre cRPpreddsdvat daasipyitbimiFhe aresswrenrpaietancerof fhene
hi gh pressure_oxygen vessel 262, and a differential 1Q pressure sensor 253
for seﬂ%?ﬁbr?%ﬁsﬁﬁf?%%%nﬂ@ﬂcﬁﬁ¥g§ﬂﬂ@ pdesdif ferentdads pressuney pedyeen n

t he high pressure hydrogen vessel 202 and the pressure of oxygen in the

hi gh pFee #%&y@‘é‘% e oo the BLAEFTPIYELFt PRI Lthe AT 1 pregsure
pressure,.ln the stem for generating high essure hydrogen. shown in 15
Fi g, 93chkPa QB: bhe(BapLLEieli PeRhEens; (acBaRbFARG PAYIEVCBLALLYENS cel

20L% fromthe high pr r.e axygen ssel 262 with the pu 207, an e
watsr PletPEeded SRR taalRAIGy, K55 BhoAR ophnar tpenf ik je Eotabde

el ectr i p r ce. 26 en. a r i.s di rged
o RERRERREREL nr BHE eF SEbrSTERE SUBL Pk Folg it S s SRR
port 2 , t ter | ectol t
"o ¢ o 8881 8E4RER RIS ClochUedieRiay HRE Bt ORY o
oxygen, i eql i h ens PRoL A2 ocat e p t of the
o promeghAbCte ok BrBYKATRIEARePEak26R RYaRbopR pHANGLy DR,
hydrogen vesggt g2t 2080l HbmBramé SR I1EarfHeid ot RS Slokeli?, W d Pdasad by
hydr ogen and oxygen generated, respectively, to a prescribed pressure of,

f or0 exaABl 8eatOfemb8Y dREtRYSéESRtBolPs @i déND AlmdPiagBeéls XY b bort;dr NY
el ectrolysis when no hydrogen i s needed. Wien hydrogen i's needed, on the

ot her Bapcedtath teadohd.S HERBvEDR( thdpedlsgural ¥£ odbfydrs cahowé Yballanceen
to feed hydrogen froma hydrogen feed port 255. \Wen decrease of the

pr essuwgthnthbephegbupeecssungdbygendey pesebselngd(® smtallenssXhinvd tdf pure
pressure gauge 254 after feeding hydrogen, feed of an electric power to the
el ectrehyersinethe28lettoolystsppure watenrtank6il itso riEkawreichty ttHee high
instruction of a controller ( not shown ) operated in cooperation wth the
pr essuptegauye v&égdselalll, thye ceheertingpbekh the pune wedemnfeedtpiperidgsur e
measured by the pressure gauge 254 returns to its original value. The

apt? t uBeand réjureaiine ldinge 426ennectedt trerthenelessaelusds coliht o ddwure
as neasured with the pressure gauge 254 is resuned wth an increase of the
el ect r PEtEOMRL hsnelretpol¥rlsRite wadrr fank 3he kebyeentsokbbng ide by
t he pressure gauge 254 resunes its original_ value. Feed of_ hydrogen is
conti nBEGSSVrﬁaP%t%’FYﬁ’% Fhehgpexygre BPolndlad@ibe falbbthadrigherihanic
power fromthe power source, until 15 the pressure does.  not decrease b

i ncr eaH‘ﬁgP’f?ﬁés Pffd?%dﬁ?g?lhé-nngé%uhégh pressure vessel 10. Consequently,

excess pure water 1s prevented from flowing into the high pressure

20 vessel, and a mixed gas of hydrogen and oxygen is not formed, thereby
rendering the process quite safe.
Furthermore, when the volume of hydrogen in the oxygen pool 3la
is suppressed to be 4% or less of the volume of the high pressure vessel
10, it cannot be anticipated that the oxygen in the electrolysis pure
25 water tank 31 is mixed with hydrogen in the high pressure vessel 10
even under any breakage condltions predictable.
Suppose that oxygen in the oxygen pool 3la be accidentally mixed
with hydrogen in the high pressure vessel 10, but the concentration

of hydrogen never exceeds a lower limit of explosion of 4%, and a gas
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val ve, or the electric power supplied fromthe power source 261 reaches to
a maxi nrum al | owabl e power. The differential pressure between the pressure
of oxygen stored in an oxygen pool 252 and the pressure of hydrogen in the
hi gh pressure 20 hydrogen vessel 202 is neasured with a differential
pressure sensor 253, an exanple of which is shown in the enbodi nent bel ow,
dur i n*RIRIIN RGECTH RAPRRAE of hydrogen. Usual ly, the controller (not
shown) controls switching of the valve 244 and_the aperture of the_needle

val ve 243, dhf @ﬁé‘%ﬂ‘@ﬁﬁ%n&f app¥e ] o laxyaLhdrhsn aergalgehestralysns, ge
t 245 | troll ed t hat i ff tial i i itted
EANC SR SRR RN S TR Y
trolli th i he hi h 202 to b
SR TR IR T g
262, IS 44 lied f th . 255
25%; 208 LSRR BB, R TARRESD. RGN b2l
| 1202 t i d
P ooy 00 SAnUALSRE 8%e ey ERRUAIL L0t 405l SETHRSSL) SRR
gener ali g ki ol MRS Brdiaden SHAGoLaFlln Jr HUDHeratiidie shiten

al | owabl'e pressure expecte pressure resistance o

electrfgy§$§pﬁ€&lt30;ng &Sy %?%about 4 atm a pressure control with an

accuracy o or exanple, as h as 1% or nmore is required for generating

hydrogen andy Qaaiie Wdre 2nhf BES&RHP@ 8F RO SldBiFolPsfs Wd1g 1t Bannot
electrolysis cell 201. A differential pressure exceeding the allowable

Press Ui&pp &k iy AMCeeabtt PPeveREinglasp ol calledmly heiene o agdivgen

di sturbance of pressure control caused by a variation of the amount of
consunznld hydyggen by the system connected to the hydrogen feed port 15 255
for feeding hydrogen to the system or by a variation of the electric power
suppl i ed frGinde nuiwing sofiraey @il .an dordiiorydEny dusnitioc lanngbnarwed. 2@& tend
217 are provided in this system in order to avoid a differential pressure
exceedofighehelattoodpb ks medsls i, evlriadh dsamdevell ndte deltectadllesas abalormalom
generating by the disturbance 20 of pressure control. These sw tching

val vesbumeonddramigie theccuteenpuandwee btage of theeortigyl e, 2aébbe sensed
respectively, for communicating pure water in the high pressure hydrogen
ve]é£ elwibl antexpged tnapsduperhéOai ghdpacBydredenyteansdyger 38b, and are
operated based on the differenti al fressure. 25 Accordingly, pure water in
t he hi gReprEienof bhe alnpdysdis oobl iis WreeknblyedoPred -t hﬁﬁ’é‘@@ﬁ? edd@he
hydr ogen vessel 202 through the sw tching valve_ 208, when the pressure of
hydr ogRRePRUF RO FARRISH £8 F§eﬂy%?’6¢’§r’r]\}g§-§’§ hydpogen as ARNHEIB F A
pressure o% oxggeg in the Qigh pressure oxygen vessel 262, and when the

di ff er 8ARi 8F PPESSYr E€B8T2BBr ween t hem mi ght exceed the al | owabl e pressure

or essur o ox/iaren SR ISEpLrpiarall i B8 cRFGaEihEhe S shicanbdd 1ne
orkBcur 0P8k £ealig RECFEERELCHIS Sl (GELE Mhd IR ERRTAAS netigl

Pressuge i/ 8" HAe8116588ke 292 4 RITRH B8k Sufe ByFrRRAl A BhoPRESY! SR 1M he

allomagle pressure resistance. Suppose that the volunme of” hydrogen in the

hi gh DBESéMéQtBMﬂgEQQnc&@%éﬁhoﬁOaahsbaohvolﬁédv0|U”E of oxygen in the high
pressure oxygen 10 vessel 262 is 0.4L (2% of the vol une of hydrogen), and

the pressur ewén hydiregRh 0€tYed, cthé vaARKR 86 At tHtded fo thelhi§Hprestivife as
1% of 0.4L of oxygen flows out of the high pressure oxygen vessel 262 and

flow i negsehelbi gb ppensvyecoppdaeing thesebntBdllépnsanachyyiyogeheipr essure
of oxygen reduces to 4 atmas 1% of 400 atm and the pressure
25 controlled so that it slowly flows out by adjusting the aperture of
the needle valve 16.
Pressure decrease in the high pressure vessel 10 is immediately

sensed by the pressure gauge 39b, and an electric current flows to

the electrolysis cell 1 from the power source 9 under the control of
30



15 of hydrogen increases to 0.08 atm Accordingly, a differential pressure
of 4.08 atmcan be efficiently reduced to bel ow the pressure resistance of
the cell by transfer of water with a volune of only 4 cc. Controlling the
wat er surface 251 in the high pressure oxygen 20 vessel 262 is crucial for
generating hydrogen particularly at a pressure of 350 atmor nore. In this
i nventtle combrofier hetekaptoeiectrappsts in the elertpelysifeceiigen
vessel 262 to always nonitor the water surface 251, and pure water_in the
hi gh pfersedeentiy, hxdroganelthnkhe samnes velppgeRs tdref VBiPi“ﬁt‘bf T nageR

ressure oxygen_vessel 25 262 by taking advantage of gravity by opening the
Val ve SSBCRRERCRHI RIS ther Tatke s and RRCALAGLILYS df 45 FERRT TRA 190!
Fl owi n gure water into ahe hi gh gressu e oxggeg essel 262 fromthe high
pressu€% pRFeSFRT 8 Of BYAF QRN 2HSSPBPR; £E5¢ fRLE PDEPEABTEF oxygen to fl ow

Li{“ th E‘lfugi Fues o 3%%%%@%@5%&?853%&@%@% :ﬁ%ﬁéﬁ?ﬁé}%ﬁeﬁf

feed 1308 SastFropife ol chiGEatie MRERT S Rniind Ihd BN o
vat o PRSJRENRE yp1%e TEE Al TS Fegfife de BPaloblh dRSedid S,
avant 58 Dy oS AebRRgsb" s ThiCaTaERTY o RoaB HES Bl tiee o ldE PR o

wat er feadeBogt ot @3el¥ Ryt ues fié@iﬂa%&%qh £RE e ARG 4 he
val ves 10 236 and 237 . The high pressure oxygen vessél 262 i1s iIsolated by

clgpi ndeiher \faéo\sﬁﬁhaggqm sorhced 01 b €2 ¥8d &y bpetbAeiRYr €ndddHtroller,
|

repl eni shing tank 24 s sent into the high pressure pure water feed vessel

W th atpdpeby3Zeblimedghtne Lantexechprgssurever 233 and filter 234.
Resistivity of pure water is neasured with a resistivity neter 15 235. Pure

wat er i s cirwhiséeché hodugle bifehy@hegen heeleasédvihroligh the rabvexThamge
treatment until the resistivity becomes higher than the prescribed val ue,

si nce hbedtetwhayeé K det grddualllyhtnetreased|hyikeepdng 28& psepsisentd =nd
the service life of the electrolysis cell 201 is shortened when the

resi st approxdmapely aanstant, hthydh prEssire idosisdaotf fuhthar gingrease resregur e
water feed tank 241 is filled with pure water while enabling air bubbles to
beld enbyetncypasindgctie apariiusre ofptbai seedle tealkve4® whepl tbedampanve athe
hi gh pressure pure water feed tank 241. Accordingly, the pressure variation
when t hgdvapeasconsumed reaches &hesamound pﬁehvgmsgnzgsn&mtggg ah@ apen
25 only depends on the vol une changes of pure water, which may be

subst aﬁ?ﬁ&ﬁlty FBRoPLECT L AcRupRRRt Wk Fing fham kg RAVWRIFt AORRECpANPC XL at

t he atnnspherhc R%essure, the punp 232, ion-exchanger tower 233, filter 234
and r eSTEFTPLYSHS: Ep1338 5EQPS1F00BFELBE®at t he at nospheric 47

When the amount of hydrogen consumed exceeds the maximum amount
20 of hydrogen that can be generated from the hydrolysis cell 1, on the
other hand, the amount of generated hydrogen cannot be increased after
the electric current flowing from the power source 9 to the
electrolysis cell 1 has reached i1ts maximum, and the aperture of the
needle valve 16 does not increase any more. Therefore, the demanded
25 amount of hydrogen exceeds the maximum amount of hydrogen that can
be generated from the hydrolysis cell 1 cannot be supplied.
While the pressure of the high pressure vessel 10 is maintained
at a prescribed pressure, the valves 14 and 37 are open when the

pressure in the high pressure vessel 10 should be urgently decreased
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pressure. Crculation of pure water with the punp 232 is term nated
depending on the resistivity of pure water neasured by the resistivity
neter 235. 5 When a subsidiary tank having the same performance as the high
pressure pure water feed tank 241 is provided, feed of pure water in the

hi gh pressure oxygen tank 262 is never delayed by allow ng any one of them
to be ¥ adyemergeRCcY Pand hedeegen limmthe hdighppressnee v8sand oxggen
serves as a 10 material_of electrolysis by being sent into the electrolysis
cel | 2Hn . the <FvgerBeohntla Rif cthitelectERiyshy RUTSHWATRY | baki31i #%S and
water quality is decreased with a resistivity of , for exanple, 6 MZ/ cn®
or Ie§§?9?¢%¥%a@%ﬁﬁgﬁr%§%ctrode of the electrolysis cell 201 may be

i d and th ice |if the, el ect i 1, 20 be 1
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a vol une correspon g to the une di scharged water formthe high
pure V@ié&ti@fﬂsiérﬂﬁﬁ%“%tgfrs 1 edeCLRgt RS aYEEe¥8ht ihl%&-ééz‘sl%ﬂ? éﬂé‘t%e‘ﬁat er

exchange work,” the "vol une of the pure water discharge tank

Prigy ergphyogeR Wnd ¥xigenh8tVréad® 1111 GCBnBOHedHtre Nl dtthce of

frequency of exchange 48 of pure water nmay be about 10 tines per day (
about #Re electlblpsgd ¢é1ldepeniisa anidilee AMHEr YPrepyiaoaifeloxyerm thane

wat er perneated into the cathode fromthe anode of the electrolysis cel
201 i stHesphesgadewof hhiyieogener at ed hydrogen from 5 the hydrogen di scharge
port 203 into the high pressure hydrogen vessel 202, and pure water is
col | ect ed atAltizohgh tthva dasthephighspEsseimay give an impression that the
apertures of the needle valves 16 and 38 and electric current flowing
15 from the power source 9 to the electrolysis cell 1 are too slowly
controlled, they are all controlled by a computer at a high speed.
Since the control speed 1s sufficiently high as compared with the speed
of variation of the natural energy, the controller can chase the change
of the natural energy. Accordingly, there are no problems in
20 generating hydrogen using the system for generating high pressure
hydrogen according to the invention even by using the electric power
generated by the natural energy that has been considered to be
frequently changed.
While hydrogen is discharged in the high pressure vessel 10 from
25 the hydrogen discharge pipe line 2, hydrogen discharged contains a
small amount of water, and water 1s collected in a water pool 11 at
the bottom of the high pressure vessel 10.

The amount of water is always monitored with a level meter 12,

and a valve 17 is open when a prescribed amount of water is collected
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hydr ogen vessel 202. The storage volume of pure water is preferably about
tw ce of the volune of the oxygen pool 252 of the high pressure oxygen
vessel 10 262. The volune is controlled by sensing the water surface 209
with the level neter 210 ( and pure water is allowed to flowinto the pure
water reservoir 212 by opening the valve 211 when the vol une of pure water
has i re? clsahargaidy éntRed Loy naaemiaimel theovghuadegdiaggdivee 1fat er
reservoir 212 is determned so that the pressure 15 variation caused b
openi n%i'-fq’u‘%al?/%?\g yatezngtaprs AW fdosdng whecratee fiTowhrRt Bhe ety deNgtler
reserv0|r 212 does not exceed_the all owabl e pressure resistance determ ned

by the %ﬁ%%%%?et?e§|E?%ﬁ%%igﬁdt%ﬁv%}ectroIyS|s cell 201. For exanple,

t hat t ed dro
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208 and 217. In 9, the reference nuneral 205 denotes a heat exchanger
f or0 coghé naifhsyha@é geNes Rt Bsl, i St d il s 19 v efeipIed WHRIAlt06
denotes a heat exchanger for adjustlng pure water supplied to the 5

el ect rehy6tsreskrvd®t 2o.a desired tenperature, the reference nuneral 213
denotes an electrical resistance type |level neter, the reference nuneral
215 denot es wWhplLe efeed esf hwtd avaieei et d ithe dlertmslorsine ecdllTer dls 2%
denotes an electrical resistance type |evel nmeter, the reference nuneral
224 depatticularbduirdsipeidisadt| poeeeratdihed sraippEhad 1H® ontive redle o Igewict es
a water feed port, the reference nuneral 227 denotes a punp, the reference
nunmer atel28byemears afi & owatex Eewdrpumme’? dimpossEd rigndhen@tectirddsis
denotes a filter, the reference nuneral 230 denotes a pure water
réﬁistpureywnteﬁrtanhe3ieiarbhgeemquiaen23$hqwno¢esF&gt|éat type |evel
neter, the reference nuneral 15 246 denotes an energency oxygen di scharge
port, the refee#aderteed pump2 genprdsesanibdyetéonagtipnaniquaneddeiort,
the reference nuneral 248 denotes a pressure gauge, the reference nuneral
249 deﬁBPEswﬁtﬁﬁsfﬁﬁﬁkpg@hs%ﬂt?ﬁﬁa%%£s4¥EPt?ﬂ?(Hﬂﬂﬁﬁﬂ@%%|4ﬂF%ﬁ lshydeqgaf in
oxygen, ref.eren uper al den s a ency _hydro en di schar ge
vl ve. bt he HgpEr Lhed ﬁgﬁsiaﬁégs HeHB: E6LaRoBRE: BN Ly EMHaEEgen i schar ge
port, and th referenc raI Q de tes ak seqgsor for

the concentr an abif o Lg ﬁﬁf%F8&l€ e wa@elgafeecfpump §§ 5.5 senéei %

20 the electrolysis cell 1 after being cooled with the heat exchanger

25a placed in the midway of the pure water feed pipe line 3.

The temperatures of pure water supplied to and released from
the heat exchanger 25a are measured with the thermometers 28a and 29a
provided so as to cooperate with the heat exchanger 25. The

25 electrolysis cell 1 is designed so as to be able to electrolyze at
a deslred temperature by controlling the amount of cool water supplied
from a refrigerator (not shown) through a cool water feed pipe line
26a using the controller.

Since pure water collected in the electrolysis pure water tank
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Fig. 10 is a partial cross section show ng the structure of the
differential pressure sensor used in the invention. As shown in the 25
drawing, the differential pressure sensor 253 conprises a nmain unit 300
whi ch has a cylinder 301 whose both ends are sealed with bell ows 306 and
307 exgandable in the longitudinal direction by the pressure of the high
pressudt By oFORBINGR 2| being deqqrpesad ik hdrpaen ande oxgengdd the) ed
with an_inert fluid therein; an internal magnetic body 50 304 provided to
be fre@l§CErPiudle qallah M3 LeT Surddceohs GPndigueusit Repikprrdiwkth ther
face of the cglinder 301, an external gagnetic bodg 305 in close contact

3

with tHeVeliBPten, $iceaBf PHECCYRFRHets 3BePLeNHBRRd; AreBobRRaPIER WRAERTt he
i nt I I ¢ _body 304 to.5 b i dabl e, d 320

Sensi nGePREHUERL R chers 4h ESaRTaeRARgoEhS at Rorvak ERoafe cRPERRAl TRabReL | o
b 305_slidabl ' th | 1 d. 307. 320
ot SRedsniRunt S SEPREERRaBLySEehEn A1 5T AReCHRLRAE: on TP dat 18

extern t] 305: di gplay plate 10 316 conprising openings 317
and 31 %Eﬁggﬁeégﬁ§ggﬁﬁ Y?%ﬁgls%ﬁélding plate 319 ; and a photoel ectric

t t [ t ] [ ' f th
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| ght B i 1nto
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the high pressure oxygen vessel 262 is sent into an oxygen pressure

corpar greRt Sidcd theughe8broxyses pRe whitee tank JihesPEsmmet £8at Ind RAH
conpartment are transferred to the bellows 306 and 307, 20 respectively.

Since a phiévSteh storageehnke48i thisudhld Eéddplipe Dehbosba 3 aetuidy |
and in the cylinder 301, the volune thereof substantially shows no change
with tpeppr &saser 88b. Accordingly, the bellows 306 and 307 are not crushed
under the high pressure of oxygen and hydrogen 25 sent fromthe hydrogen
pi pe |ine 312hend thxe¢gemlye pEl lafméhel FeedhphpehtipeeStarandftig dradgen 4Ent
fromthe hydrogen pipe line 312 is equal to the pressure of oxygen sent
fromth€E thegeatprpepipecliig 51b haré epemal ambhgnue watsly iF4Limwdiated
stopped at the center of the cylinder 301, since the forces applied to the
be],g)owghggggangn3¢¢n-exchanger tower 46, a filter 45, the pure water
replenishing tank 44, the return pipe line 51b and the pure water
storage tank 48 in this order by operating a pump 47. When resistivity
of pure water as measured with a resistivity meter 49a provided in
the pure water replenishing tank 44 indicates a prescribed resistivity,
20 the valves 41 and 43 are closed and the pump 47 1s stopped, thereby
filling the pure water replenishing tank 44 with pure water having
a high resistivity without containing any bubbles.
Then, the pure water replenishing tank 44 1s pressurized by the
pressure of oxygen in the oxygen pool 3la of the electrolysis pure
25 water tank 31 communicating with the pure water replenishing tank by
opening the valves 40 and 42. However, slince no gas component is
present in the pure water replenishing tank 44 filled with pure water,

substantially no volume change 1is observed with negligible changes

of the pressure. Therefore, pure water in the pure water replenishing
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51 fromthe hydrogen pressure conpartnent 310 and oxygen pressure
conpartnent 311, respectively, are equal. However, when the pressure of
Aydr ogen sent fromthe hydrogen pipe line 312 is higher than the pressure
of oxygen sent fromthe oxygen 5 pipe line 313, a spring 314 expands while
a spring 315 contracts by the differential pressure, and the internal
magnet ¥ankddyspostangpuatefald s dewnynjen the skl olirphs prstwatar fiank by
bei ng pushed by fixing bars 302 and 303 to a position where the

di fferghthaHrﬁ?’%Xur@%&ﬁ-aﬁc@ée%‘ﬂll?ﬁ Xy Iesy £ the elBSREPINSARPEMIRLET of
the springs 314 10 and 315, respectively. Since the internal magnetic body
304 ankPRR 3 ARLERADE BUSE AR TaRLRFIING SARF 4T SPRAATHE Mot | C
force a glied bet ween them the external nagnetic body 305 displaces in
respoﬁgg 5-the di spl acenent of the internal magnetic body 304 with the

mahet ?ﬁ”ﬁ?éﬁgg‘%\%eh%oipé%% 34, fx8 Q?ﬂgéﬁk‘%ﬁ?ﬁ%%ﬁ S e e verto

' ' ' 318 i
reducctt e RaER ¥t ASHEeBhEb Yo BARK A8 nek, Slied AG<SDERe B Hondmdins
unchanggely JRED: LAmPLASSULE Pha BYELOYRIL P UeybrOLLNRL DYOLOGEN. B RS Jline

20 31271s | ower 't € pressureé of oxygen sent e oxygen pipé T1ne

313, Ogr%ﬂfﬂﬁgﬁé\féﬂusin ay eqfevteh]emee@ i%tg: 3%@%#@%&% 99€e]s 198

covered the light shielding plate 31 e | um nous energy

passi ngj GHr Q@i he dﬁg@r']é.rf‘g.n?’ﬁﬁedﬁ@f@%r Wot gof thAR P8 665 Hi®dMarged

hydr ogen”sent from t ydrogen pipe 25 line 3127and the pressure of “oxygen

seit f1RRb! ke QMMM bl PE1843 §6, Ml %he %&esba;@i bEefRd e HaRBIU €
bet ween them can be determ ned by neasuring the | um nous energy passing

t hrougbtbhagepeahrys43¢étapfls 3¢8. thBeaehosphete girbéksneati al pressure may
be adjusted to be zero by controlling the anount of discharged oxygen 52

by control | i sgbségiertByplthe sallvehd ng sobpeheandlpur?#4 tapndi seadclvled
243 shown in Fig. 9. . Wile the nmethod for sensing the position of the

I nt er nby aetueting bdoy punprddstoifill thd pureowatenergylenasskipg atiarad 44n
the with pure water, thereby replenishing the electrolysis pure water tank
15 31 with pure water again.

Since the pure water storage tank 48 is communicating with a
water tank 56 through a feed pipe lines 51, a pump 55 is automatically
operated when the water level of the pure water storage tank 48 is
descended by replenishing pure water into the pure water replenishing

20 tank 44. Replenishing water such as city water i1s supplied into the
pure water storage tank 48 by being converted into pure water through
the ion-exchanger tower 54, filter 53 and valve 52 provided in the
midway of a feed pipe line 51.

Fig. 2 shows piping in the main part of the system illustrating

25 an example of piping for enhancing cooling effects.

In this example, hydrogen generated is introduced into the
outside of the high pressure vessel 10 through a plurality of fine
tubes 2a, 2b, and so on, branched from the hydrogen discharge pipe

line 2 by means of a branching plpe line 60 disposed at the upper part
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5 description above, this neasurenent may be performed using a slide
resistor. A slider is fixed to the external magnetic body 305, and the
slider is nade to slide on the slide resistor in harmony with the

di spl acenent of the slider integrated with the external nagnetic body 305,
t hereby neasuring the distance of displacenment of the internal 10 magnetic
body 3P, tiEe galoh |aressRra IEpevel Al & 038 AregeRof said ssharasdongain into
respectivelz, showi ng the structure of a rel ease valve 208 or 217 used in
the sykRenrigh RFRFFITS Y9Esed M g om Hde bdatdam of e pressurer ve§Hsdi ses

a discharge port 332 provided at a_cylindrical nain unit of a _valve 330; 15
a cyli Pt et QR L Fﬂi?ﬁ%éﬁhavﬂq%itheahe%?ﬁé?h%n%ﬁ ianp gdgposed

interlocked tq the cylinder 331, the spring bei fixed with a _screw
355 ot ite BAyaT LS B re 5188 EBbes Yo URbnic Bl ELaE viled pReB 3
connecti o i,pe line 338 to a pure ter_ pipe.line 216a or 216b for

) Pow FRShAY Repanctiop el i poiturdnthintat oanelrhe 2 hn prromigs
pressure oxygen vess 26 ot sfer; and a ventilation port 337. The
reIeasﬁe§§?¥%n§68g§nghﬁ1928%59p$§€?%€d So as to adjust the pressing
strength of e; SpLi 3 1 C 34 sepi t he
fixing nut 3%%.1%0%%%e%§¥t%%%€%%0€r5 %ﬂﬁ%‘gdpﬁggﬁ%ggyﬁjhgg%r essure
of pur r K i j L i d
above CFERCALnR AERES Wi $hALBRal SEaR MNEGIAATE PR 1RE 2Xs brartERe
line 388¢50cRE ik R0 26!, 09bt Nendli 5 b, I8 rBA End 321 Y Ik &k ABN Wadsel
pressure ( a pressure deternmned by the allowable pressure of the cell) .
1t10 s 8b50 AOsStdieglp, bi &N medhodl 1§ embloRaath 3361 8PehfBén S ihldredn S
not changed. The cylinder 331 start to displace upward by the contract of
the spthfgugh3ndlsstthat denetratiel the WIS vEet R MilgidprRgButleydESSEUI0E | N
t he at nosphere accommobdating the main unit 330 of the val ve becones 5

hi gher ihbanwhieh phes sihe bhbesria waber ahl sdomoarecihssrpefe die&EoFnied
When the pressure of pure water in the connection pipe Iine 338 is further

i ncr easrtlp tapetredeshapes Eranyltheddns3de efctbeshidie prvedurd wdwsedi dOhar ge
port 332 to allow pure water in the connection pipe |ine 338 to be

di schaagédthe ditnehtultes dre herpetical2yt sezbed egubhuty weéldddeduoe selad ing
pressure in the connection pipe line 338. Wien the discharge port 332 is

f okhredthat saparedvhedest viighgvedgehehapedncooéspure wat er discharged is
reduced when the differential pressure is large while it is increased when
t he di ff er enThel tpppesgtare soffpaydrogen fhewing pnoapd| gukl eEvihe cheat
differentjal pressure. 15 Fig._ 12 is a cross section of the_|level neter

t aki ng®XEPaRE8E2 W age|neIKRq rditbrtherrons rxs 28R atbadred ak the dadden a

gas such asﬂgxlggn andﬁg re water, and_the level neter is used as the | evel

met er Eﬁeei fgil.nerl eé"v@?’n%Pera‘E%)rﬁ?rPé’est& FrBFnh%?Ecﬁ’f‘ERPéll %ﬂs?mfi g
- 0 i 0

Sooh oFaAbEhacanfaefFEbRLERSRAE LR EIPEIY a0 00 R i

S oL 200 dnh BAY BEORIEREORARBRnERALE psE) SO FenipdfafuE 6 W ¢

B

351a. e draw ng, erence nu enot es surtace of

pure wgEeEool el GhEEENSENRUTRES! $hE5RRaRNdxaRGNdENOEE vent il ation hol e;

the reference ninerals 354a and 345b denote attachnent nenbers of the

external el egbb2iR§ Wk Hih BalllséasPeriied!pbr tBR11RLERPAEEgEH S e
355a and 355b denote attachment nenbers of the central

high pressure vessel 10 by passing cooling water through the £fine tubes

256 provided in the high pressure vessel 10, enabling pure water in the
electrolyslis cell 1 and water pool 11 to be prevented from freezing
during the halting period.

The temperature of cooling water is usually in the range of about

10 to 20°C, and cooling water is supplied from a cooling water tank
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54 el ectrodes 350a and 350b, respectively; the reference nunerals 356a
and 356b denote insulators; the reference nunerals 357a and 357b denote .
fixing jigs for attaching the external el ectrodes 350b and 351b,
respectively; the reference numeral 358 denotes an attachnent flange; 5 the
reference nuneral s 359a and 359b denote nuts for fixing the fixing jigs
357a awdtB5¥pumpespEepliagywatat may decnsednfiasrerel BegLthm ¢ leedy odaisdise
lnsulatlng pl ates; the reference nunmerals 36la and 361b denote washers; the
r ef er efedlduberatemperatize ok oFptenrleadaiic er; legr whench b generatesal s
363a and 363b denote washers; the reference 10 nuneral s 364a and 364b

denot ea @3t ¥ hegtrpivnlsaf watea eUFF—@;Ee%eBSB’aga%‘EF Iyhing the cell
reference nuneral s 365a to_367b, denote o-rings . Wien the central el ectrode

350a afill BxtePRANOEF ERPR IEFRBBING PH Hihe &actrals s rald dorst Modia®das
il U R S e
300 can be gerey bxg%&?asf P PP S5 o SRRNBNIE oS 65 SRE SRR
cert aboekig R 8B, SR LAUIRIIS oY S o %@%ﬁ%'n%g
e T ), R S AT
TR AL oY Y 1
pure V\’@Hediéﬁozgéa'éte@hésu%§er %ﬁf‘t 1< the HER PR vielk@ehoh boxd rﬁlown
equation; LX equation (1) above shows that the |evel of
the suphaeeg o2 PHIGYdEY @b Sot1 61 ALt BhpPELabiiré AW £ ¢hal é18ct¥olPois cell
1, as in the hydrogen discharge pipe line 2, The temperatures of pure
water as well as oxygen generated are controlled with thermometers
and heat exchanger 25c¢, and pure water is supplied to the bottom of

15 the electrolysis pure water tank 31 and stored there.

The temperature in controlled not only for the temperature
control of the electrolysis cell 1, but also for preventing pure water
within the electrolysis cell 1, electrolysis pure water tank 31 and
fine tubes 4a, 4b, and so on, from freezing.

20 For example, when the atmospheric temperature has decreased
below 0°C at night during the halt of operation, the controller (not
shown) senses the temperature decrease with the thermometers (denotes
by the marks o in the drawing) provided at the fine tubes 4a, 4b, and
so on, and pure water within the electrolysis cell 1, electrolysis

25 pure water tank 31 and fine tubes 4a, 4b, and so on, is prevented from
freezing by f£flowing pure water into the return pipe line 4 for pure
water and oxygen comprising the pure water feed pipe line 3 and plural
fine tubes 4a, 4b, and so on, by operating a high pressure pump 32,

even during the halt period of the electrolysis cell 1.
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Wiile the resistivity of pure water is about 18 M5Z/cnR at the outlet of
t he ion-exchange resin tower, it decreases with tine as the ° concentration
of ions are increased by dissolving the wall of the pure water vessel.
However, it is always possible to sense an accurate 5 water |evel
irrespective of the tinme dependent changes of resistivity of pure water,
Since the | ke temperatame@hHyorddagr vagerrusefinte qw%blée'iél $ipeh range
hydrogen and oxygen is electric insulators the el ectrical resistance
bot woeRE tHh tPoAl Gi ARBEasLiRg wakely isuRUPPL 1adi £Fom degOBALpI A teR tank
el ectrical resistance of pure 10 water in which the central el ectrode_ 350a
and exiBPhaFhRFREYHHE BRWNPR CRPALRE, WARET tHRY P8 diiedifQhEldng ithe

[ f be i i 11 i al

wo | aSLREPRLRE LS Cebhol ) BRcd SeBPrRt ukE e hab O ot 1 bRES 38080 EE%Ei'sal ’ |
I | ent i st i 5 st t d ch teristi he .,

meter ?geeﬁéﬁf?ér?%%%%ifﬂ?i? %‘43# a%%ﬁ%;q:)?f%%t ggasn wct sdit%leneefgtthﬁy
convent i a e level_ neter
crectroRbl i ObEn PR eateiaiig ot N AlachRoLPRTE Tt § 11 Wartes
b t 0,1 ' ' i ch high
aﬁé“ﬁiﬁ?%gtﬁaeéﬁﬁs{@?%;g nEh8 BRelB bt aRIE betd the "vol ded by pul e 0"
nmeasur enent s e r
external el e%ﬁ°g§-§§@3§%%9%,%{%g%bgﬁﬁiiiﬁﬁécﬁgﬁﬁaﬁg? |‘?§33§%€“ ?%];%rﬁadm or
plati ngbt hghai So 681 SI8PBréP & FO5 Qe WINII & A Sdies Y86L 53‘106”

25 resistance Rr between the lead wre 364a and t'he ground Is neasured as

th resbstéddiyn§putl watdlrelin tHE JEASF STy Pd Yared wakerUs8akf 91 in the
evaluating the quality of pure water for determning the frequency of

exchangfivehtPoh¢ Vedesedqued By NitHe MG was 6 tHe RN W18 s iR &eXygen
262. 56 Fig. 13 shows anot her exanple of the system for generating high

pr essul &diybe agee asDIvicontirellled wHnkheEencidhel¢lpsdvel tgiPpaes wat@k i s
designed so as to be acconmmpdated in a hydrogen at nosphere generated in the
hi gh piassheecehgdtogtpsysspare2@dtas tankhplsgsbmntbepiengous|y descri bed.
Wil e the system al so conprises the high pressure oxygen vessel 262 for
storing purefFigted 19 decxdestsetiyiad, shatingeth mranpld arf andvabemdeed
generated, it conprises a pressure controller 270 in place of the

di ¥¥ er pumpafirprvenswi th samsbndeetion et eh caslia crennps ardiatslsre? Gocamml 2 DE ar e
omtted therefrom 10 The pressure controller 270 functions for alleviating
t he di therwatprl fpedspump By . al Invihe) drawlng: cthe crefereng¢e mmerak eikure
oxygen vessel 262 and hi gh pressure hydrogen vessel 202 to nove fromthe
havi ngd8rAEgRetpr BOttPB p§ the edestroh¥§ifgPureovatepr £38krdlhask8 on the
di fferenti al Eressure bet ween them 15 When the pressure in_the hi

pressuF&E8%XGHER PuveEplods gerghes P RYER WHEF ¢ ENRS%&H($“Q1?%§§¥%Q£?

e S R R TN MO M

| sppushedobagkoh akly, Mgl LA U9 1408880 +20%  FOR PSR GE LY ©
manufactured by integrating a laminated iron core comprising a
laminated multilayer of silicon steel plates with a cage type copper
coll and by coating with a resin, the reference numeral 76 denotes
a drive coll prepared by winding a coil on a multilayer iron core and

25 coating with a resin, the reference numerals 76a and 76b denote lead

wires for supplying an electric current to the driving coil, the
reference numeral 77 denotes a rotatlion sensing coll, the reference

numeral 77c denotes a rotation sensing magnet, the reference numerals

77a and 77b denotes lead wires for the rotation sensing coil, the
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20 270. Consequently, the pressure in the high pressure oxygen vessel 262
is reduced as the volune of pure water decreases with an increase of the
vol ume of the oxygen pool 252, and the pressure in the high pressure

hydr ogen vessel 202 increases as the volune of pure water is increased,
thereby alleviating the differential pressure. 25 The pressure controller
270 sehsEereneetnuperaks ddas spuhic stenake brardngsanthe grpferenesnudensd of
t he val ve 244 and needl e valve 243 with the controller (not shown).
Conseqéi@ndenotesra nh othe Ziefeaensg nymeralnfghdpretesra IEXRbgaENd ddie|
202 side returns to the high pressure oxygen vessel 262. Then, the vol une
of oxygeRerenceqnuppakpdecflf A6RPLAE BxPHRRIBESBARPEE -port 245 is controlled
Sso as to preven%ﬁ%%{ther transfer o ure_water in order to. even the

pressu . SR vl WlFifE) B hafifie MAChancafi B il o
e e ke A L e
E?éh]Eﬁ%eﬁéFﬁgg.FﬁgpP£5|8ﬁiSﬁiEaﬂgufi Ry, eaps SEdegfggﬁgfgfﬂﬁiSﬂﬁerm?;er
e L AREPOfACRLBROYE EnfHKIET pURBRRL L E0E. CARLLH" IR BOT LRl 75 BETBRINGD

Lr8§e1§§§8Ekgggliga?F?g?¥§gﬁq1in Fig. 9, descriptions thereof are omtted.

shows "a cross section of the pressure controller 270, and

Fig. 14B sho cli h I i
R in g e pE e TR B oL EoRE ERgUEea M HeaLribed Ao M oo

of1d hetBr egeHES €RA! FOLLLT 753Ny NBedalivy | A1 SYdEEEE poife MBS e Ariving |
non-magnetic nmaterial, an internal slider 371 sliding in close contact with

the ingen1syef aeemd pdwe@lduiwe Wt REEI od¥91aB8doBERe M1 ectFARAEiE pure
material, and an external slider 372 sliding in contact wth the external

sur f acgatkrt BankoBl otogythadewl 8H Orotdt £6n nefletind 1o tagien | fx1at2r ifmilxeand
a positional sensor 400 for sensing the position of the external slider
372. PipetheretoR875 i n Conseygupn tiliyestshe d laddy D3es gemattaiB3dusiyirdtraikaed
into one half of the hollow cylinder 370 partitioned by the internal slider
371, anddppurewsdter 330 the ehechirghypisspure wateetankssadl 1862upplied to
introduced into the other 25 half . Pure water 384 in the high pressure
hyly ogshevéeedl p2p2 linesdl firom fthenppuecwasesr e38% porthd2hi gh pressure
oxygen vessel 262 by the internal slider 371. Accordingly, pure water 384
i's never mi xAdnagnet plite embeddedasin the ratiatinneaxdse7dnretrtes dgirgathesure
hydrogen 58 vessel 202 is equal to the pressure in_the high pressure
oxygenWiEbsEptabbon of Hae Agtaian rElspiesouf oy anyahEerragingtinduriinn
vessels, the internal slider 371 is set to positign at the center of the

hol | owCEyFeRGethEoyahs thec 6rdind7y, aRdetbenEOptEoddes cAN: RONALGR thEssure

X n
oxyge rotation speed from the number of cycles of the alternating current.

20 Fig. 4 shows a schematic drawing provided for describing an
example of a current introduction terminal for feeding a large electric
current to the electrolysis cell 1 constituting the system for
generating high pressure hydrogen. In the drawing, the reference
numeral 90 denotes a copper conductor, the reference numeral 90a

26 denotes an inner lead wire, the reference numeral 91 denotes a resin
insulator, the reference numerals 92a and 92b, and 93a and 93b denote
sealing o-rings, the reference numeral 94 denotes a resin disk, the
reference numerals 95a and 95b denote metal disks, the reference

numeral 96 denotes a wiring terminal, the reference numeral 97 denotes
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vessel 202 becones higher than the pressure in the high pressure oxygen
vessel 262 ( pure water in the high pressure oxygen vessel 202 flows into
the holl ow cylinder 370 fromthe pipe line 375 to reduce the pressure in

t he high pressure oxygen vessel 202. Consequently, the 10 internal slider
371 is pushed so as to increase the volunme of pure water 384 by allow ng
‘pure vatRyt i othe owefexence cnymeraly 2| denktes 7@ pE@SIS pheardat eefgssnce
overflow ng due to the reduced volunme flows into the pure water and high

pr essurENeRIH AP denodies282sereBudihng Fefsrsace namg¥el 10@rdgnctrA ddtiteal |y
aIIeV|at|n the generated 15 differential pressure since the pressure of
oxyger@pgd t eRee pymeral i denot s hrecsred¥ajdnof Aherrigh pressassur e
oxygen vessel 262. The internal slider 371 noves to a Eh5|t|on dlsplaced to

a spr P8 4 de SARGH the CORRFton . 15 BENPRFRFAAS LRTQRGN She vessel
h d | | 20
103 mvell vy BRERE et da iy peklatedtaoh the e1etREREvs rsgpaq#%w{a er

EQi 8'33\'1“?53% oo “SlebPRlel by cdfone nPaRe et FRR Erom, R o RE Pl ronfheLs
ener gy, igeag ng?éh fgg@ 3f 5 g@ﬁg %§Qe§7|n§?eih§ direction and | engt h

of disp 2cereh Fe" T Rt € de érm ned by conparing

the | um nousy é‘erﬁy ﬁ&éﬁétiéigerﬁﬂfé'gﬁg%ﬁfﬁﬁaper%@ &tcﬁ'ﬁ&iﬁ nays

ener gy pernea rough the openr ng ure of needf e val ve

243 | Se%%ﬁi@'olfeéj c%&gnk%%ﬁé’t}icﬁ{ tbri®h ai%@fée%@n% habmd P eh Rt r1%Y

slider returns to the origin centra position onparing the

t rRNS nk§s+eAt o thbuwaeeysf@é@r épﬁztmdqmlnﬂ.e%%s} wébﬁmw@ﬂﬁﬂﬁs on
| um nous energy of the opening 37 The positional sensor 400 for conparing

t he |U§y§@§ﬁ Eaﬂr?dnéfafbﬁ ph§§EU§§e§Qﬂfé0h&§fo§39 B880+8en§2HB the
construction and function as those of the sensor 320 of the differenti al

pr essuigvenbsen . 25h theadvaring, eheweferetis aomegad 110 dehbt Xy gRBsel
di scharge port 245 are controlled by controlling the aperture of the needle

val ve W4Blsofttinée éhectrndkysbd phreleraticil twnkoyEl ,Sities ralf dres cee hiuiiral
position as descri bed above. Therefore, high pressure hydrogen can be 10
gener al2ll dendicad ampphypiubgtardsthEfediwisdih pressimesuah talseaatwerdble wpoxycel |
201. \Wen the pressure in the high pressure hydrogen vessel 202 remains to
belthi ghesinhaand htherreference nimetalhl 12 alenate e/ gappess sdlre2 g veaed t he
di spl acenent of the internal slider 371 cannot 15 be stopped even after the
controwish @vsenpamed adaviRgdt heThin cronsteucion Jarmits @snumkes @€ ng 383.
Since the internal slider 371 cannot nove any nore wi thout pressing the
spri ngedectrie wieas iter berintredynnddnsn the ednahnolysdis pugeiwtendlank
slider 371 until the internal slider 371 conmes to this position. Therefore,
substaﬁ@rally no 20 differential pressure is generated during this period.

Ho wh th t | lid 37 t k th h t |
Slider 371 cEhfioS %ﬂv@égﬁysssﬁ%%@gﬁwe caying Bretfagl LOF, 48 %@%bfﬁlhneﬁﬁgf

A5 gt b PSSR SR Byt S I

pr ovi d%ﬂe f&ef&ié@%uﬁ%%aﬁogﬁba&éfog& R rTQro:t\,ssel wall of the electrolysis
pure water tank 31, the reference numerals 121 and 124 denote flxing
screws, the reference numeral 122 denotes a copper wire covered with

an enamel coating, the reference numeral 123 denotes a press board,

25 the reference numerals 125a to 125c denote electrodes plated with gold
after pealing off the enamel coating, and the reference numeral 126
denotes a brace. Since the electrical resistance between the vessel

wall 120 and electrode 125a of the level meter 33 so constructed as

described above differs when the electrode 125a 1s submerged and not
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pure water in the high pressure hydrogen vessel 202 to directly flowinto
the high pressure oxygen vessel 262 through the by-pass flow passageway
374, thereby preventing the differential pressure to increase above a
prescri bed pressure. 60 Permitting pure water in the high pressure
hydrogen vessel 202 to directly flow into_the high pressure oxygen vessel
262 t hFBDYATIRE by e Watey pibeagaairade 1Adacuukmerged siond unieh Makar
states have energed to nake it inpossible to control the operation of the
syst enf8RoheyabSCEURIRRFeE nEromcthp et e tio naah supsierget i punee
controller (not shown). Accordin &&, an energgnggdshut-off swi tch (not

d

shown) YR8 en@R YRhty9 di e e G ?? @é’ezﬁ?wﬁﬁ % EﬁieWtb‘?B‘W’ae’ot fist b°Vef
' b 261
TSP, R SRR AR LR BeBBhet e TN RS e
I 258 I ' .
valie 298 aroch ot Jr AL B So by R0 SN Qe OIS, e
the Nl g SLARSHE Sl 438080 URRSFhs20%a A " BURDCRLPERL TRl S S0 1mp

provi de or "~ pur gi ng € insirdes™o pressure oxygen Vess

hi gh PafaStide hygr gﬁSf}?lr?hé’ %%%%ﬁx%%% 1"5%9 néﬁét%ﬁr?g fé{é g{egfésf ;eae%%fr%ééét op

the system althou 'S no l'ustrated Tn

counte geggggg Larapigtest hBgelhe €l ectrolysis cell 201 from bei ng broken
by suffering froma pressure exceeding the pressure resistance to set the

strength of pig. sPIIEE 382eRAMpBE3F A Bt erha12Qatbll £E£QIY @hp PR W E

for allowng pure water to flowinto the by-pass flow passageways 373 or

3700 asbg éESet 1 @it PpReViaed A€ Y baes3dd 6F tHhEelBEeEBAY skl SigFe Jblt d10

fall within the allowable pressure resistance of the electrolysis cell 201.

Wien t hankod Ljmeviaifcr he Gokfeveny! firsierthd/Yaeseepéed Pumie 30f placedSis|tEer
371 is adjusted to be equal to the oxygen pool 252 in the high pressure

vessel e262trblysat plire dvdfer erdnkald 1pr eh spiir oy Mo oald aviBaand dHefaie of
operating the energency shut-off mechanism Figs . 15 and 16 show parti al
cr oss maghetnsl 2% 1disyimarednti qaldysdi sposed rellladiyve2td a widtepfesdwotation
controller 270 shown in these draw ngs 61

blade 127. The pump main unit and rotation blade 127, and ring plate

15 130 are made of a non-magnetic material such as stainless steel, and
the space between the magnet 129 fixed on the rotation blade 127 and
the magnet 129 fixed on the axls of the motor 128 are separated with
a thin partition wall 131 made of a heat-resistive plastic such as
a poly(ether-ether-ketone) resin (PEEK).

20 The magnet 129 of the rotation blade 127 attracts the magnet
129 at the motor 128 side by employing the construction as described
above, and the rotation blade 127 floats and is fixed in the space.

The blade 127 rotates with rotation of the motor 128. Pure water
flows 1nto bottom of the electrolysis pure water tank 31 connected

256 to the rotation blade 127 side, while oxygen flows into the upper part
of the electrolysis pure water tank 31 connected to the motor 128 side.
However, these portions have the same pressure since they are in the

same electrolysis pure water tank, and no differential pressure is

applied to the partition plate 131.
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conprises a pure water pipe line 413 in parallel to the pressure controller
270 wth an internedi ate shut-off valve 420, and switches 411 and 412 for
switching the valve. In the pressure controller 270, the internal slider
371 permts 5 the cut-off valve 420 to open by neans of the switches 411
and 412 at both ends, when the differential pressure is increased beyond
t he control |"Eblke Parg wahernhin dheppieekERLYSLstPere Maartask 3kl Fendnd
the internal slider 371 causes the spring 383 to contract. For exanpl e,
pure waREP the @node §Adgrefsthe edpftapdvsisssellopz the glesktdd e surgent
directly flow.into the high pressure oxygen vessel 262 through the pure
water b SUDBLHELAa the RART LRE TATOUPLALEGETHF SEHDRRBE IR AETONGD
above a prescribed pressure. Fig. 17 is cross secti on show ng the
Struct SRECSFEE MRLRIHRTE OFf e HARR TR BUTEL VL, SHTTER Y o EpaHEHLen
for. geperating high 15 pressyre hydrogen according to the invention. The
eIé%trgF§@#§ag§I?QSSéOVﬁainigig'd tbl e polarity multi-layered type

verticalai e ob, S S coollalg€re PR BE Gy IN6G OBRT SOTSELRIRE of "
_ : eVt _ _ 3
oo ur SfappL&b? TRECRRe RO A SUARTACTTRR ARNAE 1ot FRUnER! Re R Bk

t al t i, i
ol ar Py LTYE G At brdiiing VERER 187 RPREGEETY o WAL R
| nterpgsitin e ardi{nd,0PnUetds Sibn HETHRRI APRATCHERBE USRS SFtdOTRD 125

511 in the vertical diréction. The electrolysis cell Is nounted on a

ot | B9 %ﬁ@'l@i%ﬂ Hamded ddsding BiriBuPeenate? A¥d'Oufdery8psde DO, and

t he mai n anode 0§>|s conpressed to the downward with a conpression jig 523
conpr egendtvst the Spsidg MRy vebelThhitenpr 86fo08s| tie TAS £LAP 5 &hed
cylindrical main unit 518 62 of the jig fixed on the electrolysis cel

503, avepselg pAsbeefbi8neatt aahedalnltbedenbbeuai pipiRgof thberpfgreacd a
press screw 520 having one end secured in the high pressure vessel 502 so
as to anmegaiel4ddesytasgansobe; thEdrefarenceneumsetabfl 43hdenotpsesHiory, i g
is showmn in 5 Fig. 17 for the convenience of illustration, a plurality of

t he cotpeerefenencgsnumeral/ vt deswities ar Edrdged $orevenmnd divpmesfendanse

el ectrolysis cell 503. However, the electrolysis cell 503 nay be conpressed
byl hpumewkilc lafedenpteaxoeprldeomppésthenfihgingesspewng menber. 10 The
electrolysis cell 503 is fornmed by lamnating a plurality of double

pol arity el e€heoeersboyctionias Hgsgripedsabeviapermttshfesozigdl pareo g er
is provided by form ng perneation holes 509 on the outer circunference of
each dByBPEePoPREPt (he|£tde sl EdALdoafitothenRiPiRgt +4Q HRY ramRreftPeach

other ip the vertical direction. 15 Di scharge ports, 512 of .oxyge n ure
vator APEn The RS AEEaR IS Tp oLt Sith E ROt RS Kooty 1OrueY sl o

face the gas.disc ge _passageway A _and o en_gene ed a re er
not el SBET BP}Sen IR0 RELERR ARHihg ERESHar e STEniih: ih D eRbeRetibEL .
5 th e.dis n I e |

petdagRady S2dacinat LRUAE FaFdu nf SR BE el BYbBaUERT HIET LSy vo
wat er di.ScC t (R~ o1 A , ther n i [

di rect :Eg% ?#%rgaggﬁt%%&ri@tleg{ lgllpggcﬁg?‘g%ﬁﬁfgl ogé}r:lﬂﬁ%e'drﬁcsar‘lfaéhl r%ﬁft%ealed

cat hodgnaRflePehFBaghlfoRl.€ Water into the high pressure vessel. A pure

wat er feed passageway B is fornmed at the center of the 25 electrolysis cel
503 for feediyngiel eaerebyei $4PULE MEL&EAt OO U PEFIBRIFODPGHEECHPOB: Mhi ch
are formed at the center of each double polarity electrode 507 so as to
comunicgge@ virtthe B¢ Niidyeied Anithe ther $16alwally acfl an. th8i deder Ep¥BéRrof eed
passageway B is connected to a pure water feed pipe line 547 for feeding
puz® WEHgr. Br,o@ chmmezciadllysiadaildkbilee chnglechobes maye beefikled>Qn, taed pure
water is supplied to the porous el ectrode 511 through pure water feed ports
508a f ahredght-hbile afiode side waltold haisimig b tapeped sscwever ahdethe pipe
passageway B. A lead wire 532 for supplying an electric power fromthe

out si ddimei d4oma¥cbedsanleflewith thet same|eereol42ias cdescnitzed \Wn Rig he
conpression force on the polyelectrol yte nenbrane 506 is adjusted not to
crush Bhe pol yel ectrol yte nenbrane 506 for

Fig. 9 is a schematic dlagram showing the overall constitution
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conpressing it with the conpression jig 523, the all owabl e range of
adjustnent is so narrow that the polyel ectrol yte nenbrane nay be 10
crushed. Accordingly, an annul ar sheet of a seal nenber 524 is placed at
the outside on the outer circunference of the polyel ectrolyte nmenbrane 506
so that the polyelectrolyte nmenbrane 506 is not crushed even by applying an
excessof:@@p"rtg\%l exanple ©f the sysdem feriganegat ing hhpghyesgurhvdesegeRan
the 15 pol yel ectrol yte nmenbrane 506, and is formed into a ring using a

mat er i %?C%%W%@Oatgﬁai‘é%‘{@mm &rde senten fon geperahlng ki PresSupRi | e
the rel ati on between the_thickness of the polyelectrolyte nenbrane 506 and
t he t HPERFRERN ofs PRE1SaLY Ehe Fam> 2SsERAT SR A% BAL: ot e 3} coMPEL SRy

seal characteristics, it can be caonfirned 20 by clam
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passageway _ B and the el ectrode. preventing the polyelectrolyte

NEIPr apLe §86r8 b ddty 5886k 0P s@hstiRgG @ﬁé'difﬁgigernﬁ% BE@%Q%E%?&M%@Y

the wel ght of the double polarity electrode 507 , it is desirable to

restri §£‘e§§6r6t6’ﬂ3ﬁ?_d&fog"e|iheih3¢ﬂélh&gﬂ ?@é@bﬁr@%ﬁlfcﬁg’erﬁ%@sbgd.@ﬁzWd thend
to dispose a plurality of |am nated el ectrodes as a cascade.
pressure of oxygen in the high pressure oxygen vessel 262 in order
to control the differential pressure.
In the system for generating high pressure hydrogen shown in
15 Fig. 9, pure water to be electrolyzed is sent into the electrolysis
cell 201 from the high pressure oxygen vessel 262 with the pump 207,
and pure water 1is electrolyzed by feeding an electric power required
for electrolysis from a power source 261. Hydrogen and pure water
1s discharged into the high pressure hydrogen vessel 202 from a
20 hydrogen discharge port 203, and oxygen generated and pure water not
electrolyzed are sent into the high pressure oxygen vessel 262 through
a return pipe line 204 and oxygen 1s stored in the oxygen pool 252
located at the upper part of the high pressure oxygen vessel 262.
The pressures in the high pressure hydrogen vessel 202 and high
25 pressure oxygen vessel 262 are increased by hydrogen and oxygen
generated, respectlively, to a prescribed pressure of, for example,
400 atm. The system is in waiting at this pressure by halting

electrolysis when no hydrogen is needed. When hydrogen is needed,

on the other hand, a valve 257 is open and a needle valve 256 is slowly
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The main cathode 504 may be in electrical continuity with the 10 high
pressure hydrogen vessel 502 by allowng it to contact the nounting table
517 , and the nain anode 505 may be insulated fromthe high pressure

hydr ogen vessel 502. Wen the high pressure hydrogen vessel 502 is
connected to the ground (not shown), the main cathode 504 is grounded while
t he napneanﬁaefseg hydragenatzamf pohydreggnobred1popst 8Abi-al . Consequent |y,
an electric wer is supplied to the electrolysis cell 503 by connecting a
power sourceﬁhéﬁmﬂéﬁraaéﬁrPEthﬁnP¥%§ﬁ%F¢ohnt #i hdghspyeasure haygroand.
Pure water is supplied fromthe pure water feed pipe line 547 through each
pure wWIEEFCLeZRP J6r £enoBd Vﬁrté\/iac%"iﬁsa‘-’tmi%gablﬂﬁdgf Rftest feeding hndrogan
wat er feed port 2Q B.tqQ the gorous el ectrode_511, when an el ectric power

e il S e sn Lo ot
grk ety WLl Srb by Wif e 1 bbbl i,
25 t heBELPEFIpE? ﬁgﬁae&?%%ﬁﬁggﬁ%Paaaﬁuggcaaasecﬁiﬁ Ser% PReBisedis "
oxygentehfsish MRBLESINTAEHE sedest e PRackioo bt BE ot Sl ik

t he cabquge@ﬁ?n§0§geikgd°%& gggqtgglghe directly discharged into the high

pressure vesse fromt I'Sscharge port 510 , and perneated pure

water is di sehargss-£6La Gk Ritle en@@?fé\dé @a{&eﬁg Eﬁﬁh@fﬁ&é@eam

collected in a waste water drogen pooled In the gh

PregSUkBeVpee8bupfas %néé‘stdf&/%(itw £He Y Be Ny ffiRd 2Bar &s5§§sﬁxﬁé&%w

t he high pressure 5 vessel is possible to reduce the differentia

pressua@ 2ftr88s8eisase améatemesp&;eﬁ Be-oROLMB! $6WéP | st JE TN ARkt DYBneaNd
the differential pressure acting at the seal nenber 524 between the double

pol ar i pyeglsttter agdenedfdre@abedhd pradsaireogralgecksal ¥ésutiesh edoindD to
zero, by controlling the oxygen pressure of a high pressure vessel (not

shown) viaduepooFead aX\hyeirdgenidseqontinved ey madmigamimge $her @pentiabe dif gh
pressure vessel 502. Usually, the differential pressure between hydrogen

and oxyfhenneedtentvabvé exhdvthie slebérpcepower from dhenpewer sbereécainiall/si s
cell 503, in order to protect the 15 polyel ectrolyte nmenbrane 506 from
belhg thekeressuce deoesruet decrpasedry loxygesihgothe epeirtgrend theendedie
pressure vessel 502 fromthe seal nenber 524, even when the hydrogen

pr essuv@lyeol @x the electir it powersinpplied SiroBOthd powerctaueck 2hd praches e
resi stance of the cell. Fig. 18 shows a disassenbl ed perspective view of

t he 20 t® &cMmagijwms addiowabde POW®EF-in Fig. 17. The electrolysis cell 503 is

conposed of the annular gha el ectrol yte nenbranes 506 , the plural annul ar
sheets of sedfe ROt %PG\‘?‘ls&é‘Jea‘Pe"E‘t’l“ee’blﬁ‘@rPEP?EHﬁFé}%HE@FgSP §frred

Skl s B, B AL A B LB
20 hydrogen vessel 202 is measured with a differential pressure sensor
253, an example of which is shown in the embodiment below, during
electrolysis and feed of hydrogen. Usually, the controller (not
shown) controls switching of the valve 244 and the aperture of the
needle valve 243, and the amount of discharged oxygen from an oxygen
25 discharge port 245 is controlled so that no differential pressure
slgnal is emitted from the differentlal pressure sensor 253.
Pure water is electrolyzed whille controlling the pressure in
the high pressure hydrogen vessel 202 to be equal to the pressure in

the pure water and high pressure oxygen vessel 262, and hydrogen is
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25 pol yel ectrol yte nenbranes, seal nenbers and doubl e polarity el ectrodes
are lamnated in the vertical direction between the nmain cathode 504 and
mai n anode 505. A discharge port 512 for discharging oxygen generated and
pure water not electrolyzed out of the high pressure vessel 502 is provided
at the anode side of each nenber, and 66 a discharge hole 510 for

di r ect $yPRil ed af xomgthe drvdepder nteed eoBhd2p2r neat ed pure water into the
high pressure vessel 502 is provided at the cathode side of each nenber. A
per neati on hHte GHBEeRRnEinty DL IFHEr§ hetWRe R the il ghn RERRSRTS OX IR
feeding el ectrolysis Eure water is provided at the center of each nenber
exceptVeRte kel &7 aRGRIghPregsrpre pyreodsreYeseel % dsseentrotledRi thepure
water to the anode is formed within each double polarity_ electrode 507. A
seal n@h%%PaBQ%ano?x%S%Pi?RFthﬁgqqg%ﬁ«uﬂaﬁﬁiqquﬁiﬂw?XM£h9‘Q¥§9¥a&§§ééﬁbmay
B, hol e and a pure water feed port 10 50 connected to the hole, and an
oxheroRREeD b YA Y SHETt faTg B PP tER B Gh JPHRT TP iy HHRDS HhTode
505. di schar ort 510, is provided at the side wall of each_ doubl.e

pol ar i F9921 Bet HRHEERF: 1 FFaHS C LRI PTRAR BT PR dF TR

hod I i :

X?Eo?dfﬁg§599§éﬁ?%1%€?%§§?° i &ll%%‘%ftg?‘?qsﬁ%g%EELS?%L%%Y%Z%:H LRERE dur e
t t i 04 i

\c/ivgl ie\r/eée ’t% each por (ﬁsntglrogg?%g ealg%l&%}@%?e%fafﬁo grggggmﬁggmogﬁeﬁgh Iea%

wat er i@egrpﬂﬁ:e59§?‘re8ﬂﬁéﬁ ESP%@%EE‘a@in&hﬁy&PSQGnZQnéz\Q??gﬁqﬁt ﬁ’g’tﬁr anot

el ectrolyzed ows into the oxygen di scharge passageway oxygen

and) pPupge¥8he JESEHB’ G8mPOE motd: usifly! enbebibe¥ed1y815h8e 0yt sbde of the
hi gh pressure vessel 502 through the oxygen di scharge pipe |1ne 542.

Hydr ogen gengr@iflefént 81 Co+ES6Er&NEkHEE egh@UsE1RaBIe | Srssees! Y
di scharged into the high pressure 25 vessel 502 fromthe hydrogen and pure

wat er destbeafeePoEt théOeldBerplysls ebilt 20UemaFlbeogphesated biyt ani um
mesh, and both end faces thereof are fixed to the inner wall of the double
pol ari ysehebanodeob Préysued diortrolheausedbgsaofatbat teshof drhe anoanit ng
t he pol yel ectrol yte nenbrane 506 having the platinumcatalyst forned 67 '
on bot bf storfsumesd hydroigense dhessys ten adnmagtfeat Eobyheblyidsigen, feed port
co??rises a carbon coating filmdeposited by ECR pl asma deposition on the
suk¥ ac@5bhéprofeedtnghhydnbgencbastheusivagemheorl byt aovvariatienl o508hen
Fig. 18 5 has positioning grooves 522 at the outer circunference in the
axi al dileetrienppwesr guppideflaErpint the nrowerbepugcef 26he rkederéingly. 19
illustrates a flow pattern of pure water supplied to the anode of the

el ect r 6W&rBipg| valype adPPoardi 217 mrelrkRevidedoln ditls wisemi rlanarderpyr e

water is supglied fromthe pure water feed 10_passagema¥ B Erovided at the
cent er tPoaVR&dpar 8ifsprentded BreFsSHB8ac*SREILPGWEPEoRALAWRRLS RRESSUTS

ot henesnunlde ShelSpn o s oL BS L ot ) SEALOLE SOL PRSI SRS,

10O SRR R3S IR SATRLE O L0F R SERLLD B 308 e

Sy”nEtﬁgfgklﬁiﬁéﬁ@ﬂﬂ5921%% and 216b, respectively, for communicating pure
water in the high pressure hydrogen vessel 202 with pure water in the
high pressure oxygen vessel 262, and are operated based on the
differential pressure.

25 Accordingly, pure water in the high pressure oxygen vessel 262

is discharged into the high pressure hydrogen vessel 202 through the
switching valve 208, when the pressure of hydrogen in the high pressure

hydrogen vessel 202 is reduced below the pressure of oxygen in the

high pressure oxygen vessel 262, and when the differential pressure
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I ndustrial Applicability According to the system and nethod of the

i nvention for generating hydrogen, high pressure hydrogen required as
hydrogen utilized as an energy may be safely generated wi thout using any
gas 5 conpressor. Hydrogen nmay be generated even by using frequently
varying natural energies such as solar power, thereby permtting the

i nventbetween nblpémemighkcexceed tiie callowabhe ceressurenobdf theecehli 20hnent
such as prevention of the greenhouse effect by carbon dioxide, elimnation
of adveéereegrertlyontipe R ofh Braivatjedn Fhexihdeh RFE ssTRuOXygedes |
and protectjon of forests from.destruction by acid rain. Hi gh pressure
hydr og€fS$ebdit% dl HyF aeath y@ddico hhes Ve SHPENPE X BIRA F 1 it AXATETL ROOY; ¢
is readily stored and converted into electricity again when necessary. And

the i néehtiHANCEeased 1 THRTSBYLRANFLRY Hie ZesSHIEniP Erehthal Prpssiics ned
conver SEIFREP R GadhvBiLg Hherdaeind G IS shesE Ba 5 Lam AL AT RsTe

t d st ti i it t t

ool U BREEOBP PERFRELCPP 2ok CRARERLRCE AbF CeREnErel: PErperEeCRpiov Ehe

Di sasseg};l i nﬁland go mai n}gngnfe works of a gas conpressor are rel eased and
cont anfnatts %fpﬁyaFgﬁgn PE@FfHfRat ed, since no gas conpressor is used in

the system i ngly, r r

converting Hpesee thak tiFPelang & nylFcquhiit AR MTaIRREL BhEE Hikragen
caused [ i t deed i idi i ,@r& 5
short eglgﬁaggfﬁ?) e{%eﬁ}f 'crﬁe??’gﬁgl&% t ﬁg gg#,enng@u%%é p%/%%x?’ f%%. nZ
ocr r;88se Vo5 £9VES .0 L1418 (DAIITIReVHS S B! OF QQf&i:@éé‘nLP & YT lprdstite
since hydrogen is conpressed under a high pressure, thereby enabling the

probl ege Ryaregess N SPACE 4000 akhe PRESENILICS Bl PuﬁéuﬁéﬂePYaéoﬁﬂidIg
t he hydrogen vessel as a fuel tank of a fuel 69 cell car and shortening

of theocaui 6f nexghén AFLewd e oFohknedhi §ACHFEE8GLY . oR regdsON 142 and
hydrogen station becones effective. Since the electrolysis cell is

const r gtbedistotimé High presssa@ hydzobeghvpsesiuze2 vesalsaitsait By hhieogen
at nosphere according to 5 the invention, the problens of corrosion of

net al | pcepanre oficxyaern redacest todeabh ddd ebEc40®latm,sandl the Ipaassure
electric current due to decrease of resistivity ascribed to the dissolving
polier of bwdrogeheincazedsps! tot PDof8catmed hycordimgly: ra cdlfferentiati ng
liquid are solved. In addition, there is no danger of generating a

det onapragsyae of fod8latoxgarbeanfifhvdengdy reducedtadbphovebhe aresmusel s.
Hi gh pressure hydrogen nmay be safely generated by a sinple nethod of

reduci R§SiRtanepuRE bhre osghb Y dransfen ofswaterhwiyh| angobame ol Ryuky 4
According to the invention, hydrogen and oxygen generated, and pure water
are cobPed using a plurality of fine tubes branched in the 15 high pressure

i e R BT SR T )
whi | g _i ' h ductiyi duci he thick f th

DAL WdEPBIcRectenEy ATnEoR BerPoRPY Bﬁﬁﬁfgﬁéﬁ'blﬁgr%pépée‘géyﬂé%s a” 11

nyar ooBhoPg Be P8 B AR pre: orfty aeharyeRs 18R Sl RGvRL TRLEF 250

| nvent '&B”diﬁgﬁ‘?sébefﬁ "Hey gigﬁeg#eHEMrPe%f@&?tJevﬁet\i E%%VﬁBtgﬂwé SRId£EHE NY

during the ting perio ectroly at ni in the wnter season by

Using He waFer I ddE 283 ,28n8 GRerFd Wt 3D M eLip Hi@{)plkléﬁsh% 28 WH

pure water in the system does not decrease to OC or below, particularly
when h¥deadeank 2OENS a1 E6wbil € FAOLHELSLIE AL prEBEldeSOkPieR Ve sel
generation as a clean energy source in the future. A tapered trough hole is
f cz3red 26popyt teking idtraitddee ofi ghavity Pyasseliny adehalloe aBBovhey e
plural fine tubes, which are used for cooling hydrogen and oxygen generated
and puweteatsurfice R5letbades d¢dridad i roea Irkesowmibedllet/ed .hi Bhoping pure
vessel, and the through holes are sealed with wedge-shaped cores to enable
t he t hwatiglr imte thd bigh presstre aldygesczesdeli 262 fironelttienyl gh rpraskiuren,

the fine
pure water feed tank 241 permits the same volume of oxygen to flow

into the high pressure pure water feed tank 241 through the valve 239.
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tubes are branched in the high pressure vessel to reduce the differenti al
pressure between the inside and outside of the pipeline at the branching
part. Consequently, sufficient pressure resistance of the branching part
may be ensured even by using a thin sheet. 10 However, a plate materi al
having an optinum thi ckness for wel ding may be used mhen t he pipes are

j oi ned by welldikfy criciadmbor placeytheahigh| Rrespre @uite pwater dhdanked.
According to the invention, the heat transfer effect may be enhanced usi ng
the fi2eltabhes higher leysli §§api pbe| hhgh PXRFSUTFSOXTEN HES I 262 cafd vy
processed in to seam ess coils to conpactly assenble the tubes in the heat
exchanffe® BrevaRkeR ford tapk PARLIR r@P&ﬁ&&FB&HQtM%Wt@rﬁbPFﬁgﬂé‘%@éHhent

heat exchan&e characteristics_.to be obtained w thout causi t.roubl es of

| eakag%re%% B?d?%et‘&a'?%’_é FeREntanh, 24hahrids fame o1 hd dievied Jpan

gglf ntlilS|n %?%ggi?éfgt%?gﬁ:Tlékﬁégthi?iglﬁet gﬁaagﬁgg EQG?Q%EE%VGSLZ

gggl P: ﬂ % pEff&é‘ﬁev§§§8l‘2?%f f}}%?% E{1(}%25 regg?rqle%d for
8xgg?ﬁe ﬁyagi EES Qé Egﬂf déggt§§8y09 ﬂ%%g?%& q

utilizi rogen~ener gy rea only by eIectronS|s

of vater ‘W gLl Jiye0s dbed msﬁﬁwggtgwﬁ HBLAHAA] SpusaL oL d e

pressure is péerneated 1nto ydrogénin

high pEgsRU Ll '}E&Q%gggﬁnﬁeﬁﬁé'vﬁv Rl aRf P36 © R Bgré#gﬂihgdtﬁé Jél%e%”c’de

side for gener oxygen erefore, pure wat S spont aneously

supl | 896 WUnld 989 . PURPEELN fpimuwerwxfgléﬁ veRRN.- 263 168 s¥ilded BRlcIRAA REen
di scharged as useless is e fectively used, no special equipnent” and

oper at tR8 vS1VeL s haa 394! a4 page w&ﬁéf&llh’ tReOyh b NeatedF @Ep1ehishing
differential 5 pressure control means t hat permts the differential

pressutanko2pe LoHNH&0 l18rtDEHd Helar pragsarsnphte ai@tdt fdedUres sl eflth
Since the differential pressure can be reduced with a smaller anmount of

pure wat pumps28hethreaghr an abnhgfechgageantdowsyged3aandhEgheer asg4opti num
ef fect may be expected by applying the nethod for generating 10 high
pressure hydrRegkstivitwtof pnregwaserhis medrsnged eléhgy . refacicot i gy e tiehre
invention, the volune of pure water in the high pressure hydrogen vessel is
makfe t33be |Rux@rwaten iheimtuimted thmwoygh tihen idrerexahanger itowsmr2as in
the high pressure oxygen vessel,
for ion-exchange treatment until the resistivity becomes higher than
the prescribed value, since the catalyst electrode of the electrolysis
cell 201 is polisoned and the service life of the electrolysis cell
201 is shortened when the resistivity of pure water is high.

20 The inside of the high pressure pure water feed tank 241 is filled
with pure water while enabling air bubbles to be removed, when the
pure water replenishing tank 240 is placed above the high pressure
pure water feed tank 241. Accordingly, the pressure variation when
the valves 236 and 237 are closed and the valves 238 and 239 are open

25 only depends on the volume changes of pure water, which may be
substantially ignored.

Since pure water is circulated with the pump 232 at the

atmospheric pressure, the pump 232, ion-exchanger tower 233, filter

234 and resistivity meter 235 are all operated at the atmospheric
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and the volune of pure water in the high pressure oxygen vessel is 15 nade
to be larger than the volune of the portion where hydrogen is stored in the
hi gh pressure hydrogen vessel. Consequently, generation of the detonating
gas by m xing hydrogen with oxygen may be reliably prevented. According to
the invention, the stored vol une of oxygen is 20 controlled to be 4~ or

| ess @Te$IBEored vol unme of hydrogen so as to be able to control the
volunme ratio below the explosive |limt even when oxygen and hydrogen_are

m xed, by wliTFukabiomph purgratnielth e PR ef34nte sterminatedunt of
oxygen, and_a small_volunme of pure water and a | arge apount of hydrogen in
the hi PHRELRY R B&?d@ﬂﬁééé’étyzgféﬂﬁ%waﬁeﬁﬂ%%ﬁ}’?@%Wr%ﬁe§é§§éﬁ’, ty
respectiyvely %n addition, the system where the volune of pure water in
the hilfEST ed3%re hydrogen vessel is made to be larger than the vol ume of

52
e B EEE rﬁ%rwaaft&gfeﬁe”ésgav? Z Lol AR REER PR P ) it
oy gen i BEEE preobhne Wkyleh Mltut odl £ /37 e DR ISR mtE BTG

the 5 ygss&k £ﬁeﬁegbaﬁ§da£$£?§pfé§d ater, even when the pressure in the

hi gh pressure oxygen vess decreased by | eakage of oxygen in the vessel
due to mal f ufigtd Giatdr SR He B4BHEPrakshite S¥F5EM vadse P 62 Ve SFed Thd e

hi gh pressure hydrogen vessel happens to flow into the high pressure oxygen

vergpel mat8r AN YE WREEErodPs26 UIBBLNG sdif Ao ¢HE e1@ct2bAPdliisNGe DR 0IRY be
avoi ded, since oxygen in the high pressure oxygen vessel never flows into

the hi g8coresayly, WHEDgaRewS66E J1eiyy eokydnoagpéfiddoMitdhePdind Wit r
hydr ogen vessel has been conpletely replaced with pure water in the high

pr essugeadxygels \(aarlaseal el thhanréfes p1estyrer j Fdrhexhmghenr 6sQyem? or
hydr ogen vessel is decreased by 15 | eakage of hydrogen in the vessel, and
pure whéss, i bhéheahalirspr etsateodeygenthessdbctirolgsint celhe2bigihapr besure
hydr ogen vessel. A level neter taking advantage of a large difference of

el ect rpeidBoneddandi vtheysbevieenlifgasfstbh edeokygiyshadcelile20dt mayi beused
in the invention in place of the conventional float type |evel 20 neter.
Thi%s | shertenedr Peeexdingky wakterig daginablee tn ascpsidmnadlairzanliacemsed
even when the density difference between high pressure oxygen and pure

wat er Par§fi purgiwateryith fresiypune V@df@rggh @erseoko preyvantethe gualddised
by squash of a float by high pressure hydrogen and oxygen. 25 A double

pol ari § PaRenupEBTelBcthS| Piph PEPFSPEecOXYOLDCVRASHY PARI ARPMnEedRdr al
pairs of go §electrolyte menbr anes having catal yst |ayers forned on both
sur f ac8&teR48rabaBre polarity el ectrodes conprising porous feeders in

of the. el ectPory oates 5 Enp ni o A SRR PPRGSLaar I GHRARISR | he
oyPihet R EhreriEd s Febth BB BARR brCeahll Bofidd YakRed 2Br th M
reol T PO A RaFR, REFEFTHPERaRER FRE RO RE oBop R TR YRR R G
Pressuf€scharging pure water in the pure water discharge tank 219 into a
water reservoir 223 by closing the valve 218 and opening the valve
221, and replenishing flesh pure water with a volume corresponding
256 to the volume of discharged water form the high pure water feed tank
241.
For reducing pressure variation in the pure water exchange work,

the volume of the pure water discharge tank 219 is preferably about

1% of the volume of the oxygen pool 252, and the frequency of exchange
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vessel should be increased in proportion to the square of the dianmeter of
the vessel, the dianmeter of the cell may be reduced to a proportion of
1/1.5 to 1/2 by eliminating the need of tightening bolts, or the dianeter
of the high pressure vessel may be reduced accordingly. As 10 a result, the
t hi ckness of the wall can be reduced to 1/2 to 1/4 of the thickness of the
wal | off tpitre sfatan mgyabevebewt  1duanas pesi dax (akowut 0%}, tadhnyrgh dit
contributing to electrolysis of the polyelectrolyte nenbrane as an

ef f ect A¢RENAS uARt BRI AYoPRAE: oHfPuRe WRAERYrBF§dis cell is not reduced by
reducing 15 the cell dianeter, the efficiency of electrolysis my be

r emar kabl y |%%F%V%% SF tPRFEIReRERd cERT A gtRS €7 QW@%l%F%mn???yanﬁﬂ?f%Fn¥9°
LL%B? CELPRERERBLF S D Lt FrakatRat oot b Eber HEheny tER B aTRE o ot e
neE0F otimiar 8 88P%99§epc03¢%%983&&%5&%@”&%@5%&?@%&5@@5"%&&6
Zﬁﬁféab?o&é‘ﬁa'ﬁ%%% S B TR U AR 1

el ectr b re unlforn1y conpressed, thereby avoi ding the gas
fron1lggé §e§ %%ﬁg ?ﬁe seal nenber. Pure water is supplied through t he

f |
- the | mventrort C o oy o s el o el ar ity el e e
taken ey wie,ugfb@rth%w@aeﬂ' SN £ nﬁﬁ%ﬁgeﬂ@ﬁhpﬁpaég&,@e Seffer] Yessel

communi cate i n vertical direction at the anode side wthin the

dowpl e2pol arifey @Jlaﬁfter Qdecof PR LULANG ys)eras wermatéeaghﬁfaear@o 9\af1&h | S
formed fromthe center of the electrolysis ce toward the periphery

t her eothehe&e8y s ©aeB100 aR@Vphirenv@eenaid malldwsedﬂ%t eldowalft O €56 Pulred
resi stance from bei ng decreased by | ocal softening of PEM Since hydrogen

gener avadeat réSe€reaih@2 aydopendnat the vales e wilehethkyvolansasfgdinent o
the high pressure vessel from an exhaust port of hydrogen and the |ike

f or nedwatetrhRapeinpibeagedt tbhabooehthe prédscpibéfievobmhée THeridlume of
el ectrode in the invention. Consequently, 10 the dianeter of the
el ect r thgspareehtemy rbeefuptiteR1RedscddteEmioedt ke phatushkeedesshaei ng a
polished surface is secured in the double polarity electrode by welding in
t hED i nvenipthonpemised by opening the valve 211 and allowing pure water to
flow into the pure water reservoir 212 does not exceed the allowable
pressure resistance determined by the pressure resistance of the
electrolysis cell 201.
For example, suppose that the maximum pressure of generated
20 hydrogen in the high pressure hydrogen vessel 202 is 400 atm, the volume
of hydrogen stored 1s 20 liter, and the allowable pressure of the
electrolysis cell 201 is 4 atm, the pressure variation of hydrogen
in the operation to allow pure water to flow into the pure water
reservoir 212 by opening the valve 211 is calculated to be 400 atm
25 x 0.01 = 4 atm, with the proviso that the volume of the pure water
reservoir is 0.2 liter (1% of the volume of the stored hydrogen).
Even when a differential pressure of more than 4 atm is generated

by accumulation of some factors, no differential pressure exceeding

the allowable value of the pressure resistance of the electrolysis
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be evenly tightened w thout being danmaged by protrusions and steps.
Consequent |y, pressure resistance is avoided from decreasing, and main 15
causes for reducing pressure resistance such as inhibition of seal
characteristics may be elimnated. The main causes of deteriorating
pressure resistance of the electrolysis cell is excluded in the invention
by enpteld g geaerateld byr tiee ;actian (dfe thiecgvibrhing valveas2@fesand Bdd -
above. Accordingly, 20 high pressure hydrogen may be stably generated while
i mprovi ng sahbtﬁ%-g}f %.hé&hgr §G€§§¢DFQrBﬁ@¢ﬁ®ge2,0$ I%ﬂ%&ﬁltar &?agaﬁx@kléﬂlgeﬁany
econom cal and functional effects such that the dianeter of the high

pr essuf@r wesddinghheihrpt generasedopry silectaialyisd snehe e ifirence syNerad t he
t hi ckness of the wall of the vessel. 25 Fﬂgh pressure hydrogen_obtained in
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o cos D URRYAT £18 Mol A RS ROL A ek oo P oh SR8 b8 ALl B3R eficel! O
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si licon oxl vari ous ns an axi al““gro

conventipnaly 88 M GHEHCHIL RLRGHSE iaoﬁlBE‘ECt‘?iﬁéie%ilnﬂe’EXQr,Qtfi‘?é"re rlde as

I n heat treatnent processes, prevention of ‘corrosion In coo I ng wat er

PiRe! | ReRetR1 25951 §eROVES 9|\gﬁﬁéraf'geéoﬁbi~99 SHe! PEELPehBE HBe PAYEE 27

plants, and in ceramc and 10 fine ceramc 1 ndustries. Production costs

shoul dagégopast & Cplimp | Vriid efdrd¥nd¥ Qelintd il Ml usibted il Hiodietnadydr ed
I ndustrial uses. Since hydrogen may be stored with a small volune in the

i nvent teWercheng hegbrenesshufegas 23bi adfoseshat thaverheeneceayaenthesal |y
used for usual supply of 15 hydrogen nmay be installed in a narrow space, in
pl ace ntmexaknaBoedbnbtesaakputbawatefqguresiatiwteyi metarl athenrspacence
Accordi ngly, hydrogen may be cheaply produced using cheap m dni ght

el ect rnuméyal T22l fdernctedba/ € lioadi t¢gpe Leweltmetenyertie arefiexrearfdee miumearallor
efficiently utilizing the energy obtained by using mdnight 20 electricity,
sudgestibglernnites hn emexgency cxygesodilscharge tppithptbeenefesen¢e glunieaial
envi ronnent such as suppression of discharge of carbon dioxide in the field
of hydZégcdenrirh en emergencydxyigenaflischarge port, the reference numeral

248 denotes a pressure gauge, the reference numeral 249 denotes a gas
leak sensor for sensing the concentration of hydrogen in oxygen, the
reference numeral 258 denotes an emergency hydrogen discharge valve,
20 the reference numeral 259 denotes an emergency hydrogen discharge port,
and the reference numeral 260 denotes a gas leak sensor for sensing
the concentration of oxygen in hydrogen.
Fig. 10 is a partial cross section showling the structure of the
differential pressure sensor used in the invention. As shown in the
25 drawing, the differential pressure sensor 253 comprises a main unit
300 which has a cylinder 301 whose both ends are sealed with bellows
306 and 307 expandable in the longitudinal direction by the pressure
of the high pressure hydrogen vessel 202 or high pressure oxygen vessel

262 and filled with an inert fluid therein; an internal magnetic body
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uses. Although installation of hydrogen generators in the factory site 25
tends to be increased since discharge of carbon dioxide by truck
fransportation is elimnated, such installation is often inpossible since

t he vol une of the hydrogen stock tanks for backup when generation of
hydrogen is accidentally stopped due to failures of power generation, and
equi prédt peevhdedt b berfreelkycoltdalley, ipuarhestabf dhyeebien B clese
backup has been inevitable, which has been a main cause for inhibiting wde
use ofcepkaal dtiddeihgehrrer dracegfetee cwdiinder;fdr a2 XTI gRagresdcr e
hydrogen_i s possible in the invention, hydrogen nmay be_stored .in cheap_high
pressu %dﬁéa%oo%ﬂq fdese eantagh el th gdien ondesi pyrfiaes, ohnkthe sy ipdar, 8ol
count ermeasures for backup is notﬁgee ed. A hou&h a buffer tank for

aver agFAgi%e i 1 iGRPRAT AL o hes IRERHRALWARIRATLE oRRAY NS fh @S0k ©
I I ' ith tine, h K_i ' .| i I
e ol YT HERpLRE B4 5ERS0R0 I8P 1T TRBILN e AL AT e L PEERECFS
that h b d f | yi | _h d t he buyff
et B RRBArY e e AR  Rbp AL, B o5 L 87 el
gLLECtogftﬂerégigﬂé'9?6'§n&°§0565tr'CtEd to production of hydrogen for

gy Us€s, and a vaSt anouni of advantages are given to the production of

15 hydrogen 400 LOUSLIIZY deififcidds a Y kiR 13l BiiYe %g@gﬁwa%qehi gh

pressure hydrogen by direct . rolysi's of pure

el ect 1 ghyS5pEFht1 GO i19irHe RUHKEHES! habKbE 18PHBAFNSSS ; S WAy Place

el ectrolysis ce di sposed i n a high preSsure vesse t also sérves as a

sty 29816 a8kmptiHyey ORI APEAnG2316 SH5bLAREOby GBI AT shi@ ding
pressure hydrogen by direct electrolysis of pure water using an

el ectrphyges3cel | an® B phditoe 16 thalcy fbeek’ Phyt esHEWR) HES coi@iithdthe
el ectrolysis cell disposed in a high pressure vessel that al so serves as a
st or ageranskiskibydlagenogenenét gy éfdthe light after permeating through
the openings 317 and 318 into electrical signals.
In the differential pressure sensor 253 shown in Fig. 10,

15 hydrogen in the high pressure hydrogen vessel 202 is sent into a
hydrogen pressure compartment 310 through a hydrogen pipe line 312,
and oxygen in the high pressure oxygen vessel 262 1s sent into an oxygen
pressure compartment 311 through an oxygen pipe line, and the pressures
in these compartment are transferred to the bellows 306 and 307,

20 respectively.

Since a fluid such as a machine oil is filled in the bellows
306 and 307, and in the cylinder 301, the volume thereof substantially
shows no change with the pressures. Accordingly, the bellows 306 and
307 are not crushed under the high pressure of oxygen and hydrogen

25 sent from the hydrogen pipe line 312 and oxygen pipe line 313.
When the pressure of hydrogen sent from the hydrogen pipe line
312 1s equal to the pressure of oxygen sent from the oxygen pipe line

313, the internal magnetic body 304 remains stopped at the center of

the cylinder 301, since the forces applied to the bellows 306 and 307
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el ectrolysis pure water stored in another high pressure vessel that

comuni cates with the electrolysis cell and serves as a storage tank 15 of
oxygen generated. 3. The system for generating high pressure hydrogen
according to Claim2 having pressure control neans for controlling a
differential pressure between the inner pressure of the high pressure
vessel £¥eR bloe shydreogenypregeure neonpar tnert Pk @ sand coxygencPHeFBUB® essur e
vessel for storing oxygen to a pressure bel ow the pressure resistance of
the el@emparymentcall, uespeetiyel®m aBe ¢@Wekating high pressure hydrogen
according 25 to Claim3, wherein the pressure control neans is provided for
adj usti ng t HECYSYRF . pfhars fhe preprurri gh Preseder SRRGAram the ggen
hydrogen tqQ be a_little |lower than the inner pressure of the high pressure
vessel PABP 15 hg TG EERET Faan Ehe PRESSUTER P ISBRFRE TG OFYEeBur o

B?dr Ead, &&g%g&} nggﬁé”ﬁgfai%uégeg‘ﬁﬁrs?%ﬁa%%‘% R %"t’gaﬁ%@%&rf
resis LhRCoTPebREnEr ol pEPFRMES, RPELPHG b Raffl RAUBELEE BAR oToBen ™ °
swi  cnghvBEeERs ¥ ReKhiils BrRRE ot AlnE TELRS B Rl Betded on
D ane DY H&?ﬂ%{y%@%r%o%&%; §905% 4 JBdiﬁ-TjTQJn ‘ﬂﬁ?}%‘etrh%' 81EPErR Eray) %e%%%&fgo'

nmeans | justing e erentral pressure ressur
bel ow r8si enof t i I | Qv
bt or PRERREESN h N Fo8REC00 oXEnELoR I LohtraR ofyefle GEIIUIA oo

tog heaRapP81bi, NeespaBREPELEGL i Ng With pure water in respective high pressure
vessels. 7. The system for generating high pressure hydrogen according
Since the internal magnetlc body 304 and external magnetic body
305 are magnetically coupled by the magnetic force applied between
them, the external magnetic body 305 displaces in response to the
displacement of the internal magnetic body 304 with the displacement
15 of the light shielding plate 319 fixed to the external magnetic body
305 to cover a part of the opening 318 at the oxygen side. Consequently,
the luminous energy passing through the opening 318 is reduced while
the luminous energy passing through the opening 317 remains unchanged.
When the pressure of hydrogen sent from the hydrogen pipe line
20 312 is lower than the pressure of oxygen sent from the oxygen pipe
line 313, on the contrary, a part of the opening 317 at the hydrogen
side is covered with the light shielding plate 319, and the luminous
energy passing through the opening 317 decreases.
Which of the pressure of hydrogen sent from the hydrogen pipe
25 1line 312 and the pressure of oxygen sent from the oxygen pipe line
313 is higher, or the differential pressure between them, can be
determined by measuring the luminous energy passing through the

openings 317 and 318. Therefore, the differential pressure may be

adjusted to be zero by controlling the amount of discharged oxygen
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to daim6, 20 wherein the pipe Iines comunicating with pure water in the
hi gh pressure vessels conprise two pipes of a pipe |ine having a val ve
provided in the high pressure vessel for storing hydrogen and a pipe |line
having a val ve provided in the high pressure vessel for storing oxygen. 25
8. The system for generating high pressure hydrogen according to Caim7,
wher ei PY t¢entEe L EinGs £OX rexaRRACy SWitiuinge qforthe yalmee 244s pagh pgedle
generating high pressure hydrogen according 79 ' to Caim®6, wherein the
pressUY%lﬁ%ngg%ISh%%ﬁsihagla-d fferential pressure . gauge which is
conprising: a cylinder of a_non-magnetic material having both ends sealed 5
with el asti Wbkl oblke MetRRE LR $PRSIDG AFhIiRRTIE 1o IRE t Hhe plrterRaL of
respective hig‘g]3 ressure vessels and_ filled with an inert fluid;_a main

unit CBASREEE B SeRRuLIAGh hec LBBEDORP SREEAY i YRR | RLA AN When
8 BEreRLoLIBE  SlnbOs, BLLb Doetatiihi S peBARSIAL 0 I 200
' the diff tial th | L f.th t I
vagnet PESRRHYEt hat CHgod f LAPBsEP. e DF b THOTHEL S TS0 525 313
Th ; , \ . : ,
nor o) Robr S A paREfe kb LR PHE B U0 ARN AT M Blch oy Bl e
th ti I ' | | ¢l
it t BEPERRIRERE 4R 1 Fb AMTEGHAR M L0 YR BARERARSRMEIL BT
the | ugi . h ; ot Y
e e e e e T R T T
C® M Qagn¥beEebBayhgodensor conprises , as a constitution element , a
sl i der s?iding on an electric resistor by being interlocked with 25 the

external negpgsi A 1M08Nd 11B are a cross section and side view, respectively,

showlng the structure of a release valve 208 or 217 used in the system.
As shown in the drawing, the release valve 208 or 217 comprises a
discharge port 332 provided at a cylindrical main unit of a valve 330;

15 a cylinder 331 provided within the cylindrical valve; a spring 333
interlocked to the cylinder 331, the spring 333 being fixed with a
screw 335 and a fixing nut 336 so as to be able to adjust the spring
force; a connection pipe line 338 to a pure water pipe line 216a or
216b for allowing pure water in the high pressure hydrogen vessel 202

20 or high pressure oxygen vessel 262 to transfer; and a ventilation port
337.

The release valve 208 and 217 are provided so as to adjust the
pressing strength of the spring 333 by turning a screw head 334 by
loosening the fixing nut 336. Consequently, the cylinder 331 pushed

25 up by the pressure of pure water transferred through the connection
pipe line 338 1s located above the discharge port 332, and enables
pure water in the connection pipe line 338 to be discharged from the
discharge port 332 with a desired pressure (a pressure determined by

the allowable pressure of the cell). It 1s also possible to tighten
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12. The system for generating high pressure hydrogen according to Caim3
or 4, wherein the pressure control neans is provided in the pipe line 80
comuni cating with pure water in respective high pressure vessels and

adj ust the pressure of the vessels with a pressure controller containing a
slider sliding in response to the differential pressure of pure water in

r especthgef hrgngpretsgde gesthat settdngThe nettehangedgenerati ng hi gh
pressure hydrogen according to Caim12, wherein the pressure controller

has a main ufie @RUlRdewsIdt Gtashds qi@rpléé’@slwacrt@e byodhe gendragt of
external slider, and adjusts 10 the pressure of high pressure vessels by
al | ow F@e ﬁPrré-IWa?%? due %%%ff%%ewﬁﬁl PrESSULE FRRLEe4 when e Pr&ﬁd‘utrﬁe
main unit conprisin a hollow cylinder made of a non-nmagnetic materi al
Wth ohB %g‘geeﬁahgesmrgoww & CRBUEALR W3 RPQIF SRESERFE PEEOmeS or
drogen and the other end connunlcatln with pure water in_the
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t | f bl I
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one of oth en systemfor generating
PrepsuLgqiydr ede npi‘éﬁ@ﬁi‘é nﬂnt enél 8bfhédti¥Aepehb8 1hReh8BBOW wWiydn nﬁ% has

buffer means as wel
discharge port 332 1s formed into an inverse triangle, the amount of
pure water discharged is reduced when the differential pressure 1is
large while it 1s increased when the differential pressure is small,
serving for promptly alleviate the differential pressure.

15 Fig. 12 is a cross section of the level meter taking advantage
of a large difference of electrical conductivity between a gas such
as oxygen and pure water, and the level meter 1s used as the level
meter 250 in Fig. 9. The level meter comprises a main electrode 350
having a rod-shaped central electrode 350a and a concentric external

20 electrode 350b disposed at the outside of the central electrode 350a;
and a sub-electrode 351 having the rod-shaped central electrode 35la
covered with an insulating cylinder except the tip of the electrode
and a concentric external electrode 351b disposed at the outside of
the central electrode 351a.

25 In the drawing, the reference numeral 352 denotes the surface
of pure water; the reference numerals 353a and 353b denote ventilation
hole; the reference numerals 354a and 345b denote attachment members

of the external electrodes 350b and 351b, respectively; the reference

numerals 355a and 355b denote attachment members of the central
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swi tches at both ends thereof , which provide for switching a shutoff valve
provided in the pipe line for flowi ng pure water when internal slider
slides to one of both ends of the cylinder. 5 16. The system for generating
hi gh pressure hydrogen according to Caim13, wherein the hollow cylinder
has a net volune equal to or smaller than the smaller one of either the

vol uneelgctmedes &b la andd35Aby heeapgatbyely urithe apfarense susenad shpdbagen
or the volune of oxygen stored in the high pressure vessel for storin
oxygergnd §5ob dempte BFE#?F@F%GH@(E?f-ﬂﬁeh?glﬁl%@éiﬁ%W\?/él“@g%‘?ﬂ%ééapgﬁng
to Cains 1 to 3 having a heat exchanger for cooling_generated hydrogen
provi detriRg t g uEQr det BAChIRI e ¢¥krLRAL €kRcErodes IROD @Rrds33ilem for

generating high pressure hydrogen according to Claim 17, wherein _the high
pr essut®® %Eg‘fef%? theoF ?ﬂérﬁﬁ}g? d’g@w%%géﬂ%e%ﬁerﬁ%@mm% fda889%t "t he
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and/or Th thé passage of the plpe Pirie For réfurnlng pure wat er rom
th I [ e, t | tealli
the t cRARhErY? ShéFarestibel HindEdrs ISR Se3bCaBhlte Foad Yuli il "0
pur e ek pErLRby! Jflefs o8 $8Sa ChRa! SELHASnGE ! vadhoPLPVEl | POEBHSR YA €r
fromfreezing. 8 . The system for generating high pressure hydrogen

aqeor dhiifle: 815 7448 Lha WB2HCAENSPE MRS ForNe1kOh gl Bh &G RN 81WR%kS0des
conprises a plurality of fine tubes branched in ?he hi gh pressure vessel

for stesoatard®/d508¢Mand thé rdhersnsé eiinleda1¢e866a1 186 bUend €5 Didngs .
hydr ogen according to Caim2 or 3, wherein a plurality of cooling fine

tubes for cowmiewlthengenltealcapecdtodes3sia sind egtBydadgeleattidé@é I50tHam and
PHT® the level meter 250 so constructed as described above are submerged
into pure water, the resistance Rm of pure water £filling between the
15 central electrode 350a and external electrode 350b can be measured
by connecting an electric resistance meter between the lead wire 362a
and the ground.

The resistance Rr between the tip of the central electrode 350b
exposed without being covered with the lnsulating cylinder 368 and

20 the external electrode 351b can be measured by measuring the electrical
resistance between the lead wire 362b and the ground.

The length of the tip portion of the central electrode 35la not
covered with the insulating cylinder 368 1s defined as Lr, and each
length of the central electrode 350a and external electrode 350b

25 submerged in pure water is defined as Lx. Then, Lx is determined by
the following equation;

Lx = Lr(Rr/Rm) (1)

The equation (1) above shows that the level of the surface of

pure water 352 is determined by calculating Lx.
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water, or for preventing pure water fromfreezing, are disposed within 10
the high pressure vessel for storing hydrogen and/or high pressure vessel
for storing oxygen. 22. The system for generating high pressure hydrogen
according to Claim18, 20 or 21, wherein the fine tubes are held and
plunmbed 15 at the center of each core hernetically fixed in through-holes
t aper ed frorfftkke the desigtdvd tthefopuspdeabersigcabeyt sl & K2 ¢mu@ithghe
respective high pressure vessels. 23. The system for generating high
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tower and a pure water replenishing ttank. 10 26. The systemfor generating
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repl eni shing equi pnent conprises the pure water replenishing tank, a feed

pi pe | hpe @ibed Pidifl khecet@bctedfiiilid@1bet@ivaanrabspuhbe 6t Sxyddif diur e
wat er repl eni shing tank bei ng di sposed so that pure water stored therein is

abl e thybeogenphagdbgr aghbaedonal |y to the high pressure vessel for storing
oxygen and so as to be able to accept oxygen in the high pressure vessel

for storing 8kygeml?(khe aatead glispasl wadklbas nthei cgogesll Edtemtaroddh S50 e
wat er storage tank and pure water replenishing tank so that pure water in

t he puapdwektersadreaegectuntlei 858bphavedekrcelhenpupresatee replishastiengnt ank
t hrough the ion-exchanger tower, and the pipe line for returning oxygen and
puke watzucburag andpokavagtepibstbentheclevek neter 2Gdmagp beamseshwidly e
wat er repl eni shing tank so that high pressure oxygen in the pure water tank
i s abl Bot bimdtatienargEdrresauns as fin ttdhre mraawenddlonal Hlqal dvpe dievel
repl eni shing tank, pure water in the pure water replenishing tank being
circul BeEB8Tunti| pure water resumes a prescribed resistivity. 84 27. The

system for generating high Eressure hydr ogen according
Although "the 'materials of the "electrode may be corroded by

electrolysis when an electricity is applied between the electrodes

20 in an environment in which high pressure oxygen and hydrogen exist
together, these problems can be avoided by pulse measurements or by
plating the central electrodes 350a and 351la, and external electrodes
350b and 351b with a preclous metal such as titanium or platinum that
1s resistant to corrosion. Furthermore, since the electrical

256 resistance Rr between the lead wire 364a and the ground is measured
as the resistivity of pure water, the measured value can be used for
evaluating the quality of pure water for determining the frequency
of exchange of pure water in the high pressure vessel of pure water

and oxygen 262.
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to Caim24, wherein the volunme control neans conprises at |east a |evel
meter 5 for neasuring the surface of pure water filled in the high pressure
vessel for storing oxygen, and a needle valve interlocking with the |evel
nmeter, and the level nmeter is provided for controlling the surface of pure
water so that the volume of oxygen collected in the high pressure vessel 10
for storing Bkggdd peevamnothexr examplefof e sygiemofor rgengrst inebdghe
vessel for storing hydrogen. 28. The systemfor generating high pressure

hy dr oG BEER I AGPTCRRFRES4NG, FR 1o 1RNENEAPB: rBhe e kg et el

el ectrodes, 15 electrically insulated with_each other apd fixed to a brace,
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el ectrolysis ce s at e-polarity nulti- type electro ysi's cel
manuf aghur §dsBialgll Y8188 208! Hha! iy QfedoMPLEa@OLREFE¥rEhECt T OdES

conprising polyelectrolyte 5 nenbranes having catalytic layers fornmed on
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of the polyelectrolyte nenbrane, the double-polarity electrolysis cel

bei ng digpesefit98ldressure by allowing pure water between the high pressure
oxygen vessel 262 and high pressure hydrogen vessel 202 to move from
the having a higher pressure to the vessel having a lower pressure
based on the dilifferential pressure between them.

15 When the pressure in the high pressure oxygen vessel 262 becomes
larger than the pressure in the high pressure hydrogen vessel 202,
pure water in high pressure oxygen vessel 262 flows into the pressure
controller 270, and the same volume of pure water i1s pushed back to
the high pressure hydrogen vessel 202 from the pressure controller

20 270. Consequently, the pressure in the high pressure oxygen vessel
262 1s reduced as the volume of pure water decreases wilith an increase
of the volume of the oxygen pool 252, and the pressure in the high
pressure hydrogen vessel 202 increases as the volume of pure water
is increased, thereby alleviating the differential pressure.

25 The pressure controller 270 senses the transferred volume of
pure water, and controls switching of the valve 244 and needle valve
243 with the controller (not shown). Consequently, pure water
transferred to the high pressure hydrogen vessel 202 side returns to

the high pressure oxygen vessel 262. Then, the volume of oxygen
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nmounting table in the high pressure vessel so as to be conpressed with 10
conpression jigs fromabove the table. 32. The system for generating high
pressure hydrogen according to Caim 31, wherein the electrolysis cell is

t he doubl e-polarity nmulti |ayered type electrolysis cell having

doubl e-polarity el ectrodes 15 conprising a pure water feed passageway

f or reddbgcharege firam dhet pEyaenbits gharge tBowrl &4 é&e.coBgFogh%ds‘i%ta@thor
generating high pressure hydrogen according to Claim31, 20 wherein the
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36. The system for denerating high pressure hydrogen according to O aim 35,

whigy ei §réhens iadle 25 S6cde MIRGII U LA FRE Bfsten@herigl ¢ higaneiridid dway der
t han the pol yel ectrol yte menbrane. 15 37. The system for generating high

pr essugreb¥eroges ameetdang to C ai nBl,wherein the conpressed
doubl e-polarity multi-layered type electrolysis cells are di sposed form ng
a cascade. Fig. 14A shows a partial cross section of the pressure controller
270, and Fig. 14B shows a cross section of the pressure controller
along the line A-A' in Fig. 14A. The pressure controller 270 comprises
15 a main unit 390 of the pressure controller having a hollow cylinder
370 made of a non-magnetic material, an internal slider 371 sliding
in close contact with the inner surface of the hollow cylinder 370
and made of a magnetic material, and an external slider 372 sliding
in contact with the external surface of the hollow cylinder 370 and
20 made of a magnetic material; and a positional sensor 400 for sensing
the position of the external slider 372. Pure water 384 in the high
pressure hydrogen vessel 202 1s introduced into one half of the hollow
cylinder 370 partitioned by the internal slider 371, and pure water
385 in the high pressure oxygen vessel 262 is introduced into the other
25  half.
Pure water 384 in the high pressure hydrogen vessel 202 is
isolated from pure water 385 in the high pressure oxygen vessel 262
by the internal slider 371. Accordingly, pure water 384 is never mixed

with pure water 385. When the pressure in the high pressure hydrogen
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38. The system for generating high pressure hydrogen according 20 to Claim
31, wherein the table for nounting the electrolysis cell conprises a pure
wat er feed port for feeding pure water to the pure water feed passageway.
39. The system for generating high pressure hydrogen according 25 to Claim
31, wherein one end of the conpression jig is fixed and held on the inner
wal | ovesaeldhigregsal do/theqrespureria thethdglf pregeuncenxygemivgissel
pressure hydrogen according to Claim 31, wherein the conpression jig

conpri 363 andmR@ @lhffemn'ﬁgél gressyre fisc genaratpd hnjsreqmthepvessels,

el ectrolysis cell, a spri accommobdated wthin the main unit of the jig,

and a BRESHRERTTAL FLLKeEa kP RELICD PASIE 4AT Rt Foe SANE FoeEcthe hdimst 1 o

energi ze_the spring. 5 41. The system for generating high pressure hydrogen

accor dF¥4§in8eEl 47fr 31, wherein the doubl e-polarity el ectrodes are |aninated

in vertical direction with the top face serving as an anode and the

both om f ace ASFIFAAALY s ¥APRGHE® BEeSSUTayLn SFaE ATeh, PHERERES | HEYHFRN

Pl od NPERER AFoPeraDero A thRR e REpAPAGS LAsths HiBhcbEsSeane romeen
ti [ hyd di to. Claim31, wh '

o ot r 8p58rY 282F EEE Rl R T BEShCP PP OnE Rthal T bd Bgmence

|0 contaeh YhbhnbRgoROLYSYRRLEOLYHCLIBADEARCH1BE {4ne"sTB! B8drblhce the

generating high pressur ydrogen conpri sing e Sieps of generating

OISR B SIS AL oLt abe DA A ER)
10 internal slider 371 is pushed so as to increase the volume of pure
water 384 by allowing pure water to £low into the hollow cylinder 370,
and pure water 385 overflowing due to the reduced volume flows 1into
the pure water and high pressure oxygen vessel 262 through the pipe
line 376, thereby automatically alleviating the generated
15 differential pressure since the pressure of oxygen is reduced due to
the reduced volume of oxygen in the high pressure oxygen vessel 262.
The internal slider 371 moves to a position displaced to a spring
383 side from the center. Since the internal slider 371 is
magnetically coupled with the external slider 372, the external slider
20 372 moves to the same position with the same displacement of a light
shielding plate 377 that is fixed to the external slider 372 by a £fixing
bar 381 to cover a part of an opening 380, thereby reducing the luminous
energy permeating through the opening 380.
Since the direction and length of displacement of the internal
25 slider 371 are determined by comparing the luminous energy permeating
through the opening 380 with the luminous energy permeating through
the opening 379, the aperture of the needle valve 243 1s controlled
with the controller (not shown) so that the internal slider 371 returns

to the original central position by comparing the transmission
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di sposing in a high pressure vessel; 25 storing generated hydrogen in a
hi gh pressure vessel conprising the electrolysis cell disposed therein; and
storing oxygen in a high pressure vessel for storing electrolysis pure
water together with returned pure water. 88 45. The nethod for generating
hi gh pressure hydrogen according to Claim44 conprising the step of cooling
gener at@RinQws RRArIvicof THee nepeing 038Q vttt the trapspieston eprm@g%n
according 5 to Caim44 conprising the step of: discharging generated

hydr ogeRre®eY of the PPeRipde3ZUre vessel through a pipe line; and storing
hydrogen by returning into the high pressure vessel after cooling with a

heat exchang®te PRFIFAONAeSRBERSA 9O f PeFOMRETHGOhERR bieiRelie aRekDByf
et ur B JRF e T B CORETBF LAt T Qb e AUie, GOt Tt Shp ApBatine
FoP otBFi TP e &tk o seaesh, adhaptr s cur RS an et paslL SRR, 83 L
ccor di ng 20186 QiR 76 BFYS9E S4ThO S AR Bl pael RIS AL ee Bt
Gener af 58 Foar iR BEres Tt e LT APty e B3 nsellae #Ales e

from t hgs ot {19%?: trlfgl%,[ f;ﬁ%xérlg%l %i}d\%ﬁg% W&E&Qyé%fmtaaﬁg‘ﬂ Y “Qe{"l'::g L %@%ﬁ%}‘/iro%

hydr ogen accofr di erein pu I's el ectro

adj UStAEQdéESr?B%&%GB%?' THESEE R PHRE bAds d W Yy R St T &arPfod he hi gh
pressure vesse or
10 generatedwithout applying a differential pressure to the electrolysis
cell 201.

When the pressure in the high pressure hydrogen vessel 202
remains to be higher than the pressure in the high pressure oxygen
vessel 262, and the displacement of the internal slider 371 cannot

15 be stopped even after the control as described above, the internal
slider 371 strikes the spring 383. Since the internal slider 371
cannot move any more without pressing the spring 371, no restriction
1s imposed on the movement of the internal slider 371 until the internal
slider 371 comes to this position. Therefore, substantially no

20 differential pressure is generated during this period.

However, when the internal slider 371 strikes the spring 383,
the internal slider 371 cannot move any more unless it pushes the spring
383. In other words, the differential pressure cannot be controlled
by the movement of the internal slider 371. However, when a by-pass

25 flow passageway 374 is provided, the spring 383 contracts to permit
pure water in the high pressure hydrogen vessel 202 to directly flow
into the high pressure oxygen vessel 262 through the by-pass flow
passageway 374, thereby preventing the differential pressure to

increase above a prescribed pressure.
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storing hydrogen and the inner pressure of the high pressure vessel 89

for storing oxygen and pure water below a pressure of the pressure

resi stance of the polyelectrolyte nmenbrane constituting the electrolysis
cell. 5 50. The nethod for generating high pressure hydrogen according to
Claim49, wherein pure water is electrolyzed by adjusting the inner
pressure of Revamit S e vatessie| theo highopragsuyarkydregen jeessel 202

| oner than the pressure of the high pressure vessel for storing oxygen 10
and pufe difegtlnfdorhenpardeiion presanhei B Isnvessedc? 6dithyrquah the
electrolysis cell. 51. The nethod for generating high pressure hydrogen
accor dP¥HgPess F P RRAFAISHRY i dNFLiCRECERRE 2P1e APGRMAL 3 tes ays ed

by 15 controlling the hydrogen gressure and oxygen pressure in _respective
h gh pPBETEPE {RJANS Lk RBPSRIBLE R GATHER) FAPCORBFBELPR Phh Svdtem

3&3 i iR zﬁﬁs‘r’ﬂa%é’%rﬁi??ﬁﬁ%%ﬁgr?is%?taﬁ%iﬁ?Eﬁp%géﬁéfgﬁi:&3%5‘&En?i g

vessel SonEEOERRR Plok BRSWRT oot o B A B o
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pure wat er pipe 11 nés coupl i ng respective high pressure

vessel Eoi‘%é’fg%r%ér’;g%tio’b L d ‘é%n\‘%ﬁ%lﬁlmég%?és m@%f&%@ﬁgef}%w&f WAdd9

hi gh pressure gen-according to el n-t ves are

swi t chggy Wak| £nbheYe Bt Lo PYRTET 8681 %01 14 M€ ARIEwHINd A NG RIBSIY ©

vessel s. 55. The nethod for generating high pressure hydrogen accordi ng
10 except the valve 258 are closed, and generation of hydrogen and oxygen

from the hydrolysis cell 201 is halted in order to promptly decrease
the pressure of the high pressure hydrogen vessel 202.

A nitrogen pipe line i1s also provided for purging the insides

of the high pressure oxygen vessel 262 and high pressure hydrogen
15 vessel 202 with nitrogen, in order to safely stop the system, although
it is not illustrated in Fig. 13.

It is a countermeasure for protecting the electrolysis cell 201
from being broken by suffering from a pressure exceeding the pressure
resistance to set the strength of the springs 382 and 383 so that the

20 differential pressure for allowing pure water to £flow into the by-pass
flow passageways 373 or 374 as a result of pressing the spring 383
by the internal slider 371 to fall within the allowable pressure
resistance of the electrolysis cell 201.

When the volume of the hollow cylinder 370 except volume of the

25 slider 371 is adjusted to be equal to the oxygen pool 252 in the high
pressure vessel 262, +50% of the differential pressure may be
alleviated before operating the emergency shut-off mechanism.

Figs. 15 and 16 show partial cross sections of different pressure

controllers 270. The pressure controller 270 shown in these drawings
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to Caimb51, wherein the valves are automatically switched with a 5

pressure controller provided in a pure water pipe |line coupling respective
hi gh pressure vessels. 56. The nmethod for generating high pressure hydrogen
according to Claim49 or 50) 10 wherein the volunme of pure water stored in

t he high pressure vessel for storing hydrogen is controlled to be |arger
t han tFRRHIIRE BfPBRG gERLRF oPLRe| hivpedh ghn ppatatllel vEQsERef BFeSEBFfng
oxygen, and wherein the_volume of pure water stored_in the high pressure

vessel CPBFTRILST iy biddnapsintermediate hwe 9tk yalvendso i/ & hes of
T g PR SRH o ERcL  or oL o b0, hYerogen, o7 Tne
shor Lo NOlIog oL SO RO L e A A LSS Hegonly Lok patay o
N 9 PLEEUGE JERSTLLST ) O Wl P 0Rlins e T TN O s
pure LS HRUR oA EE ARSI H o e OLABLLRR NSO )
met hOdﬁégErgfﬂéﬁi‘éi%ﬁ i%g Pﬁ&ﬁ%ﬁé&’ﬂﬁ&zgfﬁgﬁg{tﬁﬁ%%%&%l and

wher ei ure water el'ectrolysi's suppli from pressure

vessel tleri_né:éeé&’n!éﬂsi?ﬂ&@r‘@leéaﬂgééggzh% ¥Bt£hg 3830t HLBR 2L PHEP Hamp1ed

not or provi I n the vessel.

- A a% HuPE- RaberAig. CLE. Aigﬁ- r8sfuPé- AyliEofbR. feBset Z0ANEsARE1602a7RE ALY
Al 2. AnY. An2. AE. AnY. AnE. A E. Al 2. A[ 2. AnY. An2”Al 2. AnE. AnE. AnE. AnE. AE. An2. AnE.

AMR) AndiAEcHDE. ALGWALEtANEh& Ridh . fitels Aiide Aty ¥ . v sb e 2 64 b iy . thie2. An

E. AnY. An2. Al 2. AnE. A{ 2. Al Y. An. An. Al 2. A[ 2. An2. An2. AL AL Al 2. An. Al 2. Al 2. An2. A2. A

. An2. plize Anatén. g pd\11Ale A13A[sd. AhatAtRe ALLE Aérén €14 pregdibd does not
increase above a prescribed pressure.

Fig. 17 is a cross section showing the structure and attachment
of the electrolysis cell used in the system 501 for generating high

15 pressure hydrogen according to the invention.

The electrolysis cell 503 that is a double polarity
multi-layered type electrolysis cell is housed in the high pressure
hydrogen vessel 502 in the vertical direction.

As is evident in Fig. 17, the electrolysis cell 503 comprises,

20 Dbetween a disk-shaped main cathode 504 and main anode 505, a plurality
of ring-shaped polyelectrolyte membranes 506 having platinum catalyst
layers on both faces thereof, and a plurality of annular double
polarity electrodes 507 made of a porous electrode 511 laminated with
interposition of a division wall 516 between opposed porous electrodes

25 511 in the vertical direction. The electrolysis cell is mounted on
a mounting table 517 provided in the high pressure hydrogen vessel
502, and the main anode 505 1is compressed to the downward with a

compression jilg 523 compressed with a spring member 519.

The compression jig 523 comprises a cylindrical main unit 518
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St (1) 16" 1ERite nld cEREYEERISE Force on'the pOTPeTebron¥e Ménbrand 506+ *
101 <109 Lh3o8R487600) 1O LHhah nk " Sohielbbtrolp 0 RERbEknS YpbOHE0) -2 M
1of <100aPFeREIE g (e et hgrae b AENe R AR (
)"$10g@ﬂﬁ§tﬁent 1s so narrow that the polyelectrolyte membrane may be
10 crushed. Accordingly, an annular sheet of a seal member 524 is placed
at the outside on the outer circumference of the polyelectrolyte
membrane 506 so that the polyelectrolyte membrane 506 is not crushed
even by applying an excess compression force.
This seal member 524 is thinner and harder than the
15 polyelectrolyte membrane 506, and 1s formed into a ring using a
material such as a plastic being excellent in electrical insulation.
While the relatlion between the thickness of the polyelectrolyte
membrane 506 and the thickness of the seal member 524 should be
appropriate for attaining seal characteristics, 1t can be confirmed
20 by clamping the polyelectrolyte membrane 506 and seal member 524 with
the double polarity electrodes 507, and by measuring electric
resistance after compressing under a prescribed pressure.
When the seal characteristics have been decided to be
inappropriate, the combination of the polyelectrolyte membrane 506
26 and seal member 524 is changed, or a seal material with a proper
thickness 1s selected from the plural seal members 524 each having
a different thickness, in order to select a combination with desirable
electrical resistance.

It is preferable to provide an annular seal member around the
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M 10%&imprpve-seplbdppreerformangegbg¢fween the pure water feed passageway
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U& () - $ami8% el §3apn @100 (@ Fectt@%es 507, and to dispose a plurality
of laminated electrodes as a cascade.
The main cathode 504 may be in electrical continuity with the
10 high pressure hydrogen vessel 502 by allowing it to contact the
mounting table 517, and the main anode 505 may be insulated from the
high pressure hydrogen vessel 502. When the high pressure hydrogen
vessel 502 is connected to the ground (not shown), the main cathode
504 is grounded while the main anode 505 is insulated from the ground
15 potential. Consequently, an electric power is supplied to the
electrolysis cell 503 by connecting a power souJ;'ce between a current
introduction terminal 527 and the ground. Pure water is supplied from
the pure water feed pipe line 547 through each pure water feed port
508a provided at the anode in contact with the pure water feed port
20 B to the porous electrode 511, when an electric power necessary for
electrolysis of water 1s supplied to the main anode from the current
introduction terminal 527 through the lead wire 532. Oxygen generated
by electrolysis of pure water, and pure water not electrolyzed are
collected into the oxygen and pure water discharge passageway A having
25 the plural permeation holes 509 through each discharge port 512, and
returns to a high pressure vessel (not shown) for storing high pressure
oxygen through the oxygen discharge pipe line 542.
Hydrogen generated at the cathode and permeated pure water are

directly discharged into the high pressure vessel 502 from the
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in the high pressure vessel 502. Usually, the differentlal pressure

1

between hydrogen and oxygen is controlled within the pressure
resistance of the electrolysis cell 503, in order to protect the

15 polyelectrolyte membrane 506 £rom being broken, and in order to prevent
oxygen from leaking into the high pressure vessel 502 from the seal
member 524, even when the hydrogen pressure pooled in the high pressure
vessel 502 has exceeded the pressure resistance of the cell.

Fig. 18 shows a disassembled perspective view of the

20 electrolysis cell 503 shown in Fig. 17. The electrolysis cell 503
i1s composed of the annular polyelectrolyte membranes 506, the plural
annular sheets of seal members 524 provided at the outer circumference
of the polyelectrolyte membrane, and the plural annular double
polarity electrodes 507 having the same diameter with each other. The

25 polyelectrolyte membranes, seal members and double polarity
electrodes are laminated in the vertical direction between the main
cathode 504 and main anode 505. A discharge port 512 for discharging
oxygen generated and pure water not electrolyzed out of the high

pPressure vessel 502 is provided at the anode side of each member, and
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10 508a connected to the hole, and an oxygen and pure water discharge
port 512 are provided at the main anode 505.

A discharge port 510 1s provided at the side wall of each double
polarity electrode 507 in order to discharge hydrogen generated at
the cathode and permeated pure water into the high pressure vessel

15 502.

Accordingly, as is evident from Fig. 18, pure water supplied
from the plire water feed passageway B formed at the center of the main
cathode 504 is delivered to each porous electrode 511 at the anode
side from the pure water feed port 508a. Oxygen generated at the anode

20 and pure water not electrolyzed flows into the oxygen discharge
passageway A from the oxygen and pure water discharge port 512, and
is retrieved to the outside of the high pressure vessel 502 through
the oxygen discharge pipe line 542. Hydrogen generated at the cathode
and permeated pure water is directly discharged into the high pressure

25 vessel 502 from the hydrogen and pure water discharge port 510.

The porous electrode 511 comprises a titanium mesh, and both
end faces thereof are fixed to the inner wall of the double polarity
electrode 507 by welding. The surfaces of the mesh for contacting

the polyelectrolyte membrane 506 having the platinum catalyst formed
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- E: £ad04gdPhy B provided at the center to the pure water feed port 508a,
and flows toward the inner circumference wall of the double polarity
electrode 507 by belng spread with an angle of 360°. The streams are
tapered, and pure water flows into the oxygen discharge passageway
A comprising the permeation holes 509 through the oxygen and pure water

15 discharge ports 512 that are symmetrically arranged.
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dioxide, elimination of adverse effect on human health by nitrogen
10 oxides and sulfur oxides, and protection of forests from destruction
by acid rain.

High pressure hydrogen produced by the invention is convenient
and efficient because it is readily stored and converted into
electricity again when necessary. And the invention can exert an

15 excellent effect in that electricity obtained from natural energies,
by hydrolysis of pure water, may be efficiently converted into hydrogen
as a clean energy source being convenient for transport and storage.

No cautlion 1s needed with respect to pressure resistance of PEM
itself and seal member of the electrolysis cell. Disassembling and

20 maintenance works of a gas compressor are released and contamination
of hydrogen is eliminated, since no gas compressor is used in the system.
Accordingly, decrease of the output power generated by converting
hydrogen into electricity using the PEM fuel cell, which 1s caused
by polsoning of the electrode due to impurities in hydrogen and

26 shortening of the service life of the cell, may be prevented from
occurring. Moreover, the hydrogen vessel 1s possible to be
small-sized since hydrogen 1s compressed under a high pressure,
thereby enabling the problems of reducing the space for the passenger

cabin caused by loading the hydrogen vessel as a fuel tank of a fuel
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Accordingly, construction of a hydrogen station becomes effective.

Since the electrolysis cell 1s constructed so that it is housed

in a high pressure vessel under a hydrogen atmosphere according to

5 the invention, the problems of corrosion of metallic parts such as

the electrode of the electrolysis cell, leak electric current due to

decrease of resistivity ascribed to the dissolving power of pure water,

and pollution caused by the electrically insulating liquid are solved.

In addition, there is no danger of generating a detonating gas since

10 oxygen and hydrogen are stored in separate vessels. High pressure

hydrogen may be safely generated by a simple method of reducing the
volume of oxygen to 4% or less of the volume of hydrogen.

According to the invention, hydrogen and oxygen generated, and
pure water are cooled using a plurality of fine tubes branched in the

15 high pressure vessel. The heat generated by electrolysis is
efficlently cooled with the plural branched fine tubes by widening
the heat transfer area for heat exchange while improving heat
conductivity by reducing the thickness of the tube wall. Consequently,
the electrolysis cell may be operated by maintaining at an appropriate

20 temperature to enable high pressure hydrogen to be readily and
efficlently generated.

According to the invention, the electrolyte cell may be
effectively prevented from freezing during the halting period of
electrolysis at night in the winter season by using the same pipeline

25 as described above so that the temperature of pure water in the system
does not decrease to 0°C or below, particularly when hydrogen is
generated by electrolysis of water using solar power generation as
a clean energy source 1in the future.

A tapered trough hole 1s formed from the inside of the high
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be used when the pipes are joined by weldling, or commercially avallable
plpe Jjoint parts may be used.
According to the invention, the heat transfer effect may be
enhanced using the fine tubes as the cooling pipe line. Such fine
15 tubes can be easily processed in to seamless colls to compactly
assemble the tubes in the heat exchanger even when the pipe line is
elongated, thereby enabling excellent heat exchange characteristics
to be obtained without causing troubles of leakage.
According to the invention, the pressure in the vessel is
20 controlled so that the differential pressure between hydrogen and
oxygen does not exceed a given level (a permissible pressure of the
electrolysis cell) using pure water existing in both the high pressure
hydrogen vessel and high pressure oxygen vessel to readlly control
the pressure. In addition, high pressure hydrogen of 350 atom or more
26 required for utilizing the hydrogen energy may be readily generated
only by electrolysis of water without using any compressor.
Pure water used for controlling the pressure is permeated into
the cathode side for generating hydrogen in the high pressure hydrogen

vessel as a part of pure water supplied at the anode side for generating
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an optimum effect may be expected by applying the method for generating

10 high pressure hydrogen for utlilizing as the hydrogen energy.
According to the invention, the volume of pure water in the high
pressure hydrogen vessel is made to be larger then the volume of the
portion where oxygen 1is stored in the high pressure oxygen vessel,
and the volume of pure water in the high pressure oxygen vessel is
15 made to be larger than the volume of the portion where hydrogen is
stored in the high pressure hydrogen vessel. Consequently,
generation of the detonating gas by mixing hydrogen with oxygen may
be reliably prevented.
According to the invention, the stored volume of oxygen is
20 controlled to be 4% or less of the stored volume of hydrogen so as
to be able to control the volume ratio below the explosive limit even
when oxygen and hydrogen are mixed, by way of storing a large volume
of pure water and a small amount of oxygen, and a small volume of pure
water and a large amount of hydrogen in the high pressure oxygen vessel
25 and high pressure hydrogen vessel, respectively. In addition, the
system, where the volume of pure water in the high pressure hydrogen
vessel 1s made to be larger than the volume of the portion where oxygen
is stored in the high pressure oxygen vessel and the volume of pure

water 1n the high pressure oxygen vessel 1s made to be larger than
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the high pressure hydrogen vessel happens to flow into the high
pressure oxyden vessel, In other words, an accident of forming the

10 detonating gas may be avoided, since oxygen in the high pressure oxygen
vessel never flows into the high pressure hydrogen vessel before
hydrogen 1n the high pressure hydrogen vessel has been completely
replaced with pure water in the high pressure oxygen vessel, even when
the pressure in the high pressure hydrogen vessel 1s decreased by

15 leakage of hydrogen in the vessel, and pure water in the high pressure
oxygen vessel flows into the high pressure hydrogen vessel.

A level meter taking advantage of a large difference of
electrical conductivity between a gas such as oxygen and pure water
is used in the invention in place of the conventional float type level

20 meter. This level meter permits the water level to be stably and
precisely sensed even when the density difference between high
pressure oxygen and pure water 1is small, while eliminating the gas
generation pressure limit caused by squash of a float by high pressure
hydrogen and oxygen.

25 A double polarity laminated electrolysis cell is constructed
by laminating plural pairs of polyelectrolyte membranes having
catalyst layers formed on both surfaces, and double polarity
electrodes comprising porous feeders in contact with both surfaces

of the polyelectrolyte membrane. The lower part of the electrolysis
73



10 @ $109%&Z& ()-*' 10%Z& () -yF(

10%Z& () - @ &10%&' () - @P10%Z& () -, ""10%Z& ()-ddE:/ 10Z 10Z< 10%Z& () - @@
$109%Z& () -, 9%10%Z& ()- @ 7$109%Z& () - @P10%& ()-3M 10%Z& ()-7z+ p rS4/
10@3$109&|&f() L &109&|&f() @

10%4|&f(1 T4(10% | & () -, $10% & ()-!4 10%h|h|&f(g 10Zp LYl p"" dE4/

10 $1eell is placedon a mounting table provided in the high pressure vessel,
:'10%| & () - @10%1| & (g »10%| & g:) 91 10%}| & () - @f 10%}| & £) @ $10%4| & () -
##3$V\$ggg|:_tzne upper part of the electrolysis cell 1s held by being compressed

10@$10S1$10%4| & () - /1100/(4| &d-i@'» S $109%4| & % S $10%1 & () -*M 10%) & () - S"$1
hoppressionity e

0%| & F3th YRR T | Icﬁi%l%aw emqy beHeduced
104| , <10‘V%L 'éi; @$10%| &' ()-3:"10%}] & (gh&' Qo "' 5(
10@I Eg1 }ier 9‘&11@/&11’& P)ia%tﬁfot?& %)hbglldwﬂsé‘we ernd dtsels.

108! e &w%fﬁéé&ﬁ% BASWEECFIGLIAR £0L).9F FOAMISR Prasetsm)
(1%8 g vosbh 1 251 S0 Wt ent InRRBROTH (o SIBATR) 1P HARETS

10@! { B BT s 958%@?’;%%6%%% Ao R OARTERSE S Brove
| foﬁy%ll o 1755 B0 1P OGS $00) bt 100Undliing BOHELE £ trie
(100 | SHHRRERLAF és%%%éﬁ%%ﬁ%l@%%&fmp%? accordingly. As

19L& 6 bnit 10¥e &Eh) cKAOIE & (De %ﬂa&f’:@llc&n( be PAAUELE Lo r222§8?13/3 ,
10@13%0%”& ()-1T10%] & ()- @ s$10%1| & () - @ $STO%[ & () - @ $10%4[ & () - *: 10%

4| & () tBa44ndekhebs é@@he( wva¥d| 8£( )chfal\/béﬁ%’éh&lbhall%’ébél(.) 104| 104|

However, since the area of the portion contrilbuting to

electrolysis of the polyelectrolyte membrane as an effectively
functioning part of the electrolysis cell is not reduced by reducing

15 the cell diameter, the efficiency of electrolysis may be remarkably
improved without decreasing electrolysils ability.

Uniformly tightening the electrolysis cell is readily achieved
by using the compression member having a pressurizing power, thereby
enabling pressure resistance of the cell to be high.

20 In other words, since the upper end of the electrolysis cell
is compressed downward using the compression member in the invention,
the point for compressing the electrolysis cell is shifted toward the
center of the electrolysis cell to enable the electrolysis cell to
be more uniformly compressed, thereby avolding the gas from leaking

25 through the seal member.

Pure water 1s suppllied through the pure water feed passageway
provided at the center of the electrolysis cell in the invention, and
generated oxygen and pure water not electrolyzed are taken out through

an oxygen discharge passageway provided so as to communicate in the
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10 the diameter of the electrolysis cell may be further reduced.

Since the porous feeder having a polished surface 1s secured
in the double polarity electrode by welding in the invention, PEM may
be evenly tightened without being damaged by protrusions and steps.
Consequently, pressure resistance is avolded from decreasing, and main

15 causes for reducing pressure resistance such as inhibition of seal
characteristics may be eliminated.

The main causes of deteriorating pressure resistance of the
electrolysis cell is excluded in the invention by employing the novel
structure of the electrolysis cell as described above. Accordingly,

20 high pressure hydrogen may be stably generated while improving safety
of the process. Furthermore, the invention can exert many economical
and functional effects such that the diameter of the high pressure
vessel housing the electrolysis cell is reduced while reducing the
thickness of the wall of the vessel.

25 High pressure hydrogen obtained in the invention enables
electrolysis of water using electricity generated by the natural
energy or by taking advantage of excess electricity at night to enable
hydrogen to be safely generated and stored in order to supply hydrogen

to the site of use. Accordingly, hydrogen may be used in small scale
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be stored with a small volume in the invention, cheap high pressure
gas cylinders that have been conventionally used for usual supply of
15 hydrogen may be installed in a narrow space, in place of expensive
hold tanks that require a wide installation space. Accordingly,
hydrogen may be cheaply produced using cheap midnight electricity.
The facts above indicate that the invention is effective for
efficiently utillizing the energy obtained by using midnight
20 electricity, suggesting that the invention can contribute to
improvements of global environment such as suppression of discharge
of carbon dioxide in the field of hydrogen production for industrial
uses.
Although installation of hydrogen generators in the factory site
25 tends to be 1lncreased since discharge of carbon dioxide by truck
transportation is eliminated, such installation is often impossible
since the volume of the hydrogen stock tanks for backup when generation
of hydrogen 1s accidentally stopped due to failures of power generation,

and equipment becomes too large. Accordingly, purchase of hydrogen
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invention, the installation cost can be largely reduced. The effect
of the invention 1s not restricted to production of hydrogen for energy
uses, and a vast amount of advantages are given to the production of

15 hydrogen for industrial uses.
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2. A system for generating high pressure hydrogen by direct
electrolysis of pure water using an electrolysis cell comprising
10 polyelectrolyte membranes,
wherein an electrolysis cell disposed in a high pressure vessel
that also serves as a storage tank of hydrogen generated and
electrolysis pure water stored in another high pressure vessel that
communicates with the electrolysis cell and serves as a storage tank

15 of oxygen generated.

3. The system for generating high pressure hydrogen according
to Claim 2 having pressure control means for controlling a differential
pressure between the inner pressure of the high pressure vessel for

20 storing hydrogen and the inner pressure of the high pressure vessel
for storing oxygen to a pressure below the pressure resistance of the

electrolysis cell.

4., The system for generating high pressure hydrogen according

25 to Claim 3, wherein the pressure control means is provided for
adjusting the inner pressure of the high pressure vessel for storing
hydrogen to be a little lower than the inner pressure of the high

pressure vessel for storing oxygen.
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based on the measured values.

10 6. The system for generating high pressure hydrogen according
to Claim 3 or 4,
wherein the pressure control means is provided for adjusting
the differential pressure to a pressure below the pressure resistance
of the electrolysis cell by allowing pure water to be transferred by
15 switching the valves in the vessels connected to the pipe lines

communicating with pure water in respective high pressure vessels.

7. The system for generating high pressure hydrogen according
to Claim 6,

20 wherein the pipe lines communicating with pure water in the high
pressure vessels comprlse two plpes of a plpe line having a valve
provided in the high pressure vessel for storing hydrogen and a pipe
line having a valve provided in the high pressure vessel for storing
oxygen.

25

8. The system for generating high pressure hydrogen according

to Claim 7, wherein the valve has a triangular discharge port.

9. The system for generating high pressure hydrogen according
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. gauge which 1s comprising:
a cylinder of a non-magnetic material having both ends sealed
5 with elastic bellows disposed in the axial direction by the pressures
of respective high pressure vessels and filled with an inert fluid;

a main unit comprising an internal magnetic body provided in
close contact with the inner surface of the cylinder and an external
magnetic body provided in close contact with the outer surface of the

10 cylinder; and

a sensor for sensing the differential pressure based on the

position of the external magnetic body that changes by elastic

deformation of the bellows.

15 10. The system for generating high pressure hydrogen according
to Claim 9, wherein the sensor 1s comprising a light shielding plate
interlocked with the external magnetic body, an aperture plate having
an opening shielded with the 1ight shielding plate, and a photoelectric
meter for converting the luminous energy permeating through the

20 opening into electric signals.

11. The system for generating high pressure hydrogen according
to Claim 9, wherein the sensor comprises, as a constitution element,
a slider sliding on an electric resistor by being interlocked with

25 the external magnetic body.

12. The system for generating high pressure hydrogen according
to Claim 3 or 4,

whereiln the pressure control means 1s provided in the pipe line
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10 communicating with pure water in respective high pressure vessels and

adjust the pressure of the vessels with a pressure controller
containing a slider sliding in response to the differential pressure

of pure water 1in respective high pressure vessels.

13. The system for generating high pressure hydrogen according
to Claim 12,
wherein the pressure controller has a main unit and a position
sensor for sensing the position of an external slider, and adjusts
10 the pressure of high pressure vessels by allowlng pure water in
respective high pressure vessels tomove, and the main unit comprising:
a hollow cylinder made of a non-magnetic material with one end
communicating with pure water in the high pressure vessel for storing
hydrogen and the other end communicating with pure water in the high
15 pressure vessel for storing oxygen;
an internal slider made of a magnetic material for blocking pure
water and sliding in close contact with the inner surface of the hollow
cylinder; and
an external slider made of a magnetic material and sliding in

20 close contact with the outer surface of the hollow cylinder,

l4. The system for generating high pressure hydrogen according

to Claim 13, wherein the hollow cylinder has buffer means as well as
flow passageways at both ends thereof, which provide for flowing pure

25 water through the passageways when the internal slider slides to one

of both ends of the cylinder.

15. The system for generating high pressure hydrogen according

to Claim 13, wherein the hollow cylinder has buffer means as well as
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to Claim 13, wherein the hollow cylinder has a net volume equal to
or smaller than the smaller one of elther the volume of hydrogen stored
in the high pressure vessel for storing hydrogen or the volume of oxygen
stored in the high pressure vessel for storing oxygen.

10

17. The system for generating high pressure hydrogen according

to Claims 1 to 3 having a heat exchanger for cooling generated hydrogen

provided at the outside of the high pressure vessel.

15 18. The system for generating high pressure hydrogen according
to Claim 17, wherein the high pressure vessel for storing hydrogen
and the heat exchanger provided at the outside of the high pressure
vessel are connected with a hydrogen cooling pipe line comprising a
plurallty of fine tubes branched in the high pressure vessel.

20

19. The system for generating high pressure hydrogen according
to Claim 2 or 3 having heat exchangers in the passageway of the pipe
line for feeding electrolysis pure water to the electrolysis cell
and/or in the passageway of the plipe line for returning pure water

25 from the electrolysis cell, and the heat exchangers are provided for
controlling the temperatures of pure water supplied to the
electrolysis cell and/or pure water returned from the electrolysis

cell, or preventing pure water from freezing.
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a plurality of fine tubes branched in the high pressure vessel for

storing hydrogen.

21. The system for generating high pressure hydrogen according
to Claim 2 or 3, wherein a plurality of cooling fine tubes for
controlling the temperatures of stored hydrogen and/or oxygen and pure
water, or for preventing pure water from freezing, are disposed within

10 the high pressure vessel for storing hydrogen and/or high pressure

vessel for storing oxygen.

22. The system for generating high pressure hydrogen according

to Claim 18, 20 or 21, whereln the fine tubes are held and plumbed

15 at the center of each core hermetically fixed in through-holes tapered
from the inside toward the outside of side walls constituting

respective high pressure vessels.

23. The system for generating high pressure hydrogen according

20 to Claim 2 or 3, wherein the high pressure vessel for storing oxygen
houses a water feed pump for feeding pure electrolysis water stored

in the vessel to the electrolysis cell, and a motor for driving the

water feed pump.

25 24. The system for generating high pressure hydrogen according
to Claim 2 or 3, wherein the high pressure vessel for storing oxygen
is furnished with volume control means for controlling the volume of
pure water stored in the high pressure vessel to be larger than the

volume of the high pressure vessel for storing hydrogen, and for
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replenishing consumed pure water, an lon-exchanger tower and a pure
water replenishing tank.

10

26. The system for generating high pressure hydrogen according
to Claim 25,

wherein the pure water replenishing equipment comprises the pure
water replenishing tank, a feed pipe line and a pipe line for returning

15 oxygen and pure water,

the pure water replenishing tank being disposed so that pure
water stored therein is able to be supplied gravitationally to the
high pressure vessel for storing oxygen and so as to be able to accept
oxygen 1n the high pressure vessel for storing oxygen,

20 the feed pipe line being disposed between the pure water storage
tank and pure water replenishing tank so that pure water in the pure
water storage tank is supplied to the pure water replenishing tank
through the lon-exchanger tower, and

the pipe line for returning oxygen and pure water being disposed

25 between the pure water storage tank and pure water replenishing tank
so that high pressure oxygen in the pure water tank is able to be
discharged through a filter provided in the pure water replenishing
tank, pure water in the pure water replenishing tank being circulated

until pure water resumes a prescribed resistivity.
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28. The system for generating high pressure hydrogen according

to Claim 27, wherein the level meter comprises metal electrodes
15 electrically insulated with each other and fixed to a brace, and a
resistance meter for measuring the electrical resistance between the

electrodes and high pressure vessel.

29. The system for generating high pressure hydrogen according
20 to Claim 27, wherein the level meter comprises a cylindrical electrode

having a rod-shaped electrode at the center.

30. The system for generating high pressure hydrogen according

to Claim 29, wherein the level meter also comprises a rod-shaped
25 reference electrode covered with an electrically insulated cylinder
except the tip thereof, and a cylindrical reference electrode having

the rod-shaped reference electrode at the center thereof.

31. The system for generating high pressure hydrogen according
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mounting table in the high pressure vessel so as to be compressed with

10 compression jigs from above the table.

32. The system for generating high pressure hydrogen according
to Claim 31, wherein the electrolysis cell is the double-polarity multi
layered type electrolysis cell having double-polarity electrodes

15 comprising a pure water feed passageway formed at the center of the

double polarity electrode.

33. The system for generating high pressure hydrogen according
to Claim 31,

20 wherein the electrolysis cell is the double-polarity
multi-layered type electrolysis cell comprising a pure water feed
passageway formed at the center of the double polarity electrode with
a discharge port of oxygen and pure water at the anode side of each
double-polarity electrode and a discharge port for directly

25 discharging hydrogen and pure water into the high pressure vessel being
formed at the cathode side, and

oxygen and pure water discharge passageways belng vertically
formed at the outer circumference of each double-polarity electrode

so as to contact the oxygen and pure water discharge port.
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provided at the outer circumference of the polyelectrolyte membrane.

10
36. The system for generating high pressure hydrogen according
to Claim 35, wherein the sheet of seal member is formed of a material
thinner and harder than the polyelectrolyte membrane.
15 37. The system for generating high pressure hydrogen according

to Claim 31, wherein the compressed double-polaritymulti-layered type

electrolysis cells are disposed forming a cascade.

38. The system for generating high pressure hydrogen according
20 to Claim 31, wherein the table for mounting the electrolysis cell
comprises a pure water feed port for feeding pure water to the pure

water feed passageway.

39. The system for generating high pressure hydrogen according
25 to Claim 31, wherein one end of the compression jig is fixed and held

on the inner wall of the high pressure vessel.

40. The system for generating high pressure hydrogen according

to Claim 31, wherein the compression jig comprises a main unit of the
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10
42. The system for generating high pressure hydrogen according
to Claim 31, wherein the porous electrode is fixed within the

electrolysis cell by welding.

15 43. The system for generating high pressure hydrogen according
to Claim 31, wherein the electrolysis cell comprises the porous
electrode having a polished surface in contact with the

polyelectrolyte membrane.

20 44. A method for generating high pressure hydrogen comprising
the steps of:
generating hydrogen and oxygen by electrolysils of pure water
using an electrolysis cell comprising polyelectrolyte membranes and
disposing in a high pressure vessel;
25 storing generated hydrogen in a high pressure vessel comprising
the electrolysis cell disposed therein; and
storing oxygen in a high pressure vessel for storing

electrolysis pure water together with returned pure water.
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The meth(()é-fyo_r generat igh pressure hydrogen according
5 to Claim 44 comprising the step of:
discharging generated hydrogen out of the high pressure vessel
through a pipe line; and
storing hydrogen by returning into the high pressure vessel

after cooling with a heat exchanger.

10
47. The method for generating high pressure hydrogen according
to Claim 44 comprising the step of:
discharging oxygen and returned pure water out of the high
pressure vessel through a pipe line; and
15 storing oxygen and returned pure water in the high pressure

vessel for storing electrolysis pure water after controlling the

temperature with a heat exchanger.

48. The method for generating high pressure hydrogen according

20 to Claim 46 or 47, wherein each pipe line comprises a plurality of
fine tubes branched in the high pressure vessel, at least generated
hydrogen being returned to the inside of the high pressure vessel from

the bottom thereof.

25 49. The method for generating high pressure hydrogen according
to Claim 44,

whereln pure water is electrolyzed by adjusting the differential

pressure between the inner pressure of the high pressure vessel for

storing hydrogen and the inner pressure of the high pressure vessel
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for storing oxygen and pure water below a pressure of the pressure
resistance of the polyelectrolyte membrane constituting the

. electrolysis cell.

5 50. The method for generating high pressure hydrogen according
to Claim 49,
wherein pure water is electrolyzed by adjusting the inner
pressure of the high pressure vessel for storing hydrogen to be a little
lower than the pressure of the high pressure vessel for storing oxygen
10 and pure water, and the pure water circulation system including the

electrolysis cell.

51. The method for generating high pressure hydrogen according
to Claim 49 or 50, wherein the differential pressure 1s adjusted by
15 controlling the hydrogen pressure and oxygen pressure in respective

high pressure vessels and/or by transferring pure water in the vessels.

52. The method for generating high pressure hydrogen according
to Claim 51, wherein pure water 1s transferred by switching the valves
20 provided in the pure water pipe lines connecting between respective

high pressure vessels.

53. The method for generating high pressure hydrogen according
to Claim 51, wherein pure water 1s transferred by switching the valves
26 connected to pure water pipe lines coupling respective high pressure

vessels and provided in respective vessels.

54. The method for generating high pressure hydrogen according

to Claim 53, wherein the valves are switched while they are submerged
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to Claim 49 or 50,

10 wherein the volume of pure water stored in the high pressure
vessel for storing hydrogen is controlled to be larger than the volume
of oxygen stored in the high pressure vessel for storing oxygen, and

wherein the volume of pure water stored in the high pressure
vessel for storing oxygen is controlled to be larger than the volume

15 of hydrogen stored in the high pressure vessel for storing hydrogen.

57. The method for generating high pressure hydrogen according
to Claim 49 or 50, whereln the volume of oxygen stored in the high
pressure vessel for storing oxygen 1s controlled to be within 4% of

20 the volume of hydrogen in the high pressure vessel for storing

hydrogen.

58. The method for generating high pressure hydrogen according
to any one of Claims 44 to 47, wherein pure water having a high
25 resistivityafter de-ionization and containing small number of bubbles

after defoaming 1s used for electrolysis.

59. The method for generating high pressure hydrogen according

to Claim 58, wherein pure water for electrolysis supplied from a high
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a pump driving motor provided in the vessel.
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