e3e' u' r\B&6\ T5' ' - DESCRI PTI ON Technical Field The i nvention rel at es to a

system and nethod for directly 5 10 generating high press
(conpressed hydrogen) required for utilization of hydroge my Ml out
usi ng any mnechani cal pressurizing device such as a conpress pure

fvat er BESICRIPTEINNi zed water, distilled water and purified wét‘%’?"*after
filtration are electrolyzed using a polyelectrolyte nenbra referred to
as PEM hereinafter) . The invention belongs to a technolog |WH Hmww

cl ean hydrogen energy. Background Art Carbon dioxide rel ea

f ossi ITéckhcglicRiatdcoal and 15 ..J petrol eum as | eadi ng fuel tﬁOQOW*recent
years are thought to be major causes of gl obal greenhouse effects. In

addition, niThegmvexties rebatesfto axsgsseni anlameathddy fantuitdepLef the
fossil fuels are also serve as major causes of |oss of human heal th and

de$t r lyenemabing driagh priegsacedhydrageful ¢dmpres sed thelrogen pirdgindee® R
probl ens that the estinated anount of deposited fossil fuels is |imted,
and t hatd hbgabiodepf ehpdregeneenergyawdtholidr usimey essi nge dhe@secf1 obl ens
fromoccurring, devel opnents of 25 novel technol ogies are urgently desired,
wher elBressunhpingnieNicdsdals sisl af cempressdeprwsseebprplreuwgitet Gudh e,
and clean natural energies that can be substituted for the fossil fuels and
are ablelenlded maksrer dlsd idded wakiereand Ther nfiised aiatreda @i teat H5ak rardigy
as the substitute of the fossil energy is solar energy. The energy that the
eart h #Jé%@i]@ébt!%ﬁrymuﬁéns & pebyalecturo Ivte sepbming (refeeredetls 4 ®EM

ﬁrgy consuned bx t he humanki nd per one year. It is. not a dreamto

er Reeeivpfterher Sheidpaea tdion helhngsnke mdteghnhdogyl nelahedgyo allemn

and many_technol ogies far utilizing the solar energy such as sol ar
gener AALOYRY CPREAYproposed. 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
transpottRIFRUREe®FFi ¢ power itself , 10 and the electric power is usually
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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

-t 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 technologies are urgently desired, whereby consumption of the
fossil fuels is depressed or brought to an end, and clean natural

25 energies 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 is 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,
i,s able to regenerate its energy as an electric power, and is conveni ent
and efficient as an energy source. Accordingly, it is contenplated to
efficiently convert the electric power obtained by the natural energy into

the clene nutimgand peerdie brael.ecttadly/fibs HArvANSHo AL PhESE Y QIS RS
an energy source as a substitute of conventi onal energy sources such as

petrol@emandtof sthet hampakeddt bet thenyd1aGeRNRTROMAGRE]! &g UraRg hydrogen
as the 25 energy source would be realized in the 21th century. For

real i ztechsotoghysrHge m QoG $6@ 8bY ardeNet §paiss £ sbiglr BE?%%&E%:‘@

hydr ogen as a fuel (Polyelectrolyte Fuel Cell, abbreviated as
her ei nadterbgehapeopoeadacti vel y devel oped as neans for efficiently
utilizing hydrogen as the energy source. In addition, 2 '- uses of

hydr ogen f orImutlerteipre sent dwinke geitdiciForhate 1024h haduedNskdaredeshe
hydr ogen econony society with no anxiety of the greenhouse effect by carbon

di oxi deuewsds bkaremEnerat odwenathegeneratd rasane sedrird aabavE: gef e A 1&HE L O
enabl e hydrogen generated by the 5 natural energy to be widely utilized.
Such sweldttknesn discrhdedtabdhe inatersdd evergy 43S takienoBuithahdc utqilglzea
problens for efficiently generating hydrogen are sol ved using natural

ener gi @8, apaelectiracl powekar energy. The nost inportant problem for
utilizing hydrogen as the energy 10 source is that how hydrogen as a gas
coul d be safktystdbfithentedoastiore singr transpart dippaelectsiel powear iz@elifg
the probl ens as descri bed above, it has been attenpted to convert hydrogen
ad0a gerdi bhe eleatmimynpwgenisr usyadiliyow toyerdodan dhatwing ca udetitényan
occlusive alloy. However, these nethods 15 invol ve insol uble problens of
spont ahe¥EeEvapbrababtiendisnbervyci and dde whagge/cluinmeonsimed by

| i ght wei ght _and hi ghly pressure resistant gas cylinders have been devel oped
in rec®h fy%ﬁgl}agaﬁeéyréagt RFEORRGR M”é@@u%ﬁt Hedmeferised v eeval uat ed.
Consequentlxr the h drqgen is often stored and transported by filling in a
gas cyl i ndertP&dnost sivesatProbleyehioti theaf prugssupBeE8Yad shitgh bes £
atmor_nore,, Such ﬁfthOd IS mﬁdelé Hoticed as a technol ogy conpatible for
the hykf 3PehPeBRERTEME 027 255 CHHBAANIRPEGenOF s thec8NLEAYF §BIOUdS bey gms es

i he fuel cell descri be bove) a coppressed hydrogen at a
oiBed FOF HRade are A AR OIS hela S, EE T eks CAHEN £ disa fbas @ of
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generated by electrolysis of an aqgueous I'ne SO -on
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water for a long perio time, electrdolysis using a po ctrolyte
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is directly electrolyzed into hydrogen and oxygen has been notic
recenteny@fgg byse Be & 601 ¥s18 oFf waeuel, i Rbugy nyheoBRhYsd Bl ¥i$ SBPEJISI?F c

cells (PEFC), wherein water is electrolyzed by a reversed reaction o
usi ng dda BEbstiitnee of coriwiint SoiNdl ahd1H P SoutEeRy J0eNKi 48 detivBleum. It

accunul at ed substances on el ectrodes by a reaction of the alkali wth the
i npur iis emtsivcipaised aMain adhgdirdgeti 680huRg soci@tgrusnglBFdrsdeSias the
25 energy source would be realized in the 21th century.
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 efficientlyutilizing hydrogen as the energy source. In addition,
2



15 of the aqueous al kaline solution that has been w dely known in the art,
aqueous electrolysis cells should be periodically cleaned for renoving the
accurnul at ed substances. A purification device for renoving alkali msts
generated together with hydrogen is also required. _J Since the hydrogen

and oxuges @ENAYaArededl €osChRLBM A a ther with a porous partition
menbrane such as a gas-pgr nmeabl e%gégﬁgstggg ,ﬁgfn%eg%%ﬁrﬁ&orrzﬁi Vet ahsm

i ncr easensidelredecr eAs ehPlrb§enaBBYALMYT ed gas., and the
proportion of hydrogen osr? gx?/greln per E)rggt F%Igagteg&g%ﬁtq H’eoqp?ﬂ’bﬁ%t%%r she is

rel at i geegnhooseasttecf byCoasBaH Aididg &% econes a _detonating
gas that involves a danger of expl osi oné Pgu%klggir%ad}jszﬁ(%%ﬁent@‘aﬁ‘m’irﬂ%ﬁﬁl y

stop add deacriped gboeeahbirenspredd tPlerhsde t te hydrogen. b
el ectrolysis of the aqueous al kal i ne sol uti one u@%&ién’?esglﬁf?gggom the
geler anatiubglt baesgy! itohbeokvidN9dyRaNiGpwer that is a frequently 4
varyi ng natural energy. Furthernore, since the pressure of hydrogen

gener at ed bySetkcioclety aideshe e avsval kali obytionds |ow use of a
gas conpressor is required in order to prepar etgsﬁagé#yancon“‘ ¥ n that

hydr ogeruc$al rpsyilenas if o rpeif £1 #8éRTE 1 gt & vt 4 1Y, glyggc( 0. obtai n.

hi ghly pure hydrogen whil e hydrogen gzgd oxygen gIS sepzﬁgﬁéggvé?%v?él\’ﬂstm
per neaR@tunal yepeogbes, i parhe cBElralyesonay edexgEt hod . Therefore |

hydr ogen and oxygen are not m xed wth each other when electrolysis is

suddenl y st oppedoss impertentopysbiemnifdhetaqueaysy AYER0ias, tart
arig halt of electrolysis nmay be arbitrarily repeg}t%ed!.y Colr?seqﬁg%%%qsenrggibEM
el

| e

ct r¥PYEFe Hetthat howekydirogen &er acgay &Idu T e @ alfe@h @tng \(ﬁrtyéc?%n
el ectric power generated by the natural energy into hydrogen. 1°he ne hoad

for ge?%‘?’é?‘ilnbnh@gﬂmppé§§uweswdlr.ogen by PEM 15 el ectrolysis is inherently
able to generate high pressure hydrogen and oxygen because of conversion of
liquid to gdOT mdkVingnkhe podbhemsoakbadgscrabedr avede0 Teadihédn
pressure increasing device such as a conpressor is not used in principle.

Event (Y 1§PPLed For S9RYeRt hydrquess asra gafs ssthilghyusd h9A-o3fen 8F a9 1RY

be obhlai(fed only by ..J electrolysis. Since no nechanically novable parts

are i mmo £o B%ﬁ&tcé‘dl%di ARy pecd usiate abtopni didwevens teas RECRSWSE.
f

peki odi i nt enance rk with frequent inspection and replacenent o
e?%eng‘éﬁfoerﬁgv? sie%‘?f‘hléﬁ%e@l?“ﬁ%?‘ﬁf Bgejspanﬁﬁnﬁpaﬁam{famm armat t ended
autorrq_rrl %‘%gtion fgr a Ion(g period of tinme is possible 25 to enabl e
pract i cal converst SFCHISIND Vol wrat ehites 1ighs wieldhdgand thd did y pebikzage

Furth r i nce the .PEM el ectrolysis method has a hi gher conpression
ef fi ci%{ae%ysetaasrﬂc arggéj\ﬂ%t\%st E‘@Vﬁepﬁééf dsvedoredhani cacepteyears-i sarety ng

devi c S essar,.it is an advantage of the PEM el ectrol ysis
met hod t hat |rg1§‘sr?ég‘?r‘{)r3?£e%%? 8*#%’69\% Npls reeyvadupted) afangeghestpyct dhieon is

conce d%td’d% g t] hi gh _pressure hydrogen by PEM el ectrol ysis
f or e%tg; gy céﬁsgrg?géﬁ %‘%ﬁ%@&(’sﬁgﬁéﬁﬁ %Hgf $4ingehn vy gpENEYLinder
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cat al gluich @edHa: ; i for on, bot h rfaces thereof , i
sandwi ched with dgg'%gt}?%leyi?]r%&dgé%ﬁlrj%g% ghgg%ﬂoﬂiﬁgg \ﬁé?“@@t&r‘i’a-egﬂs the o

per mhbﬂ&og@nn@%oeﬁﬁ{l&eﬂdciétl} am nated in the electrolysis cell having the
structure as described above, the el ectrode partitioning each unit cell is

naned 10 aswhed o arg I | | ectrode .serves as_a
cat hode as wel | Q;h?an%odeéygrﬁﬁ?ﬂEﬁﬂggFe%%l%ﬁﬁqgl%é \gs%BﬁpW%iEHﬁil%ﬁﬂ%ﬁt ed

unit ael lesemibed adbived ascampRiese: i izlayered ty
el ectrolysis cell. Mich expectation iﬂ;@ﬁ}fcidn%%%f c}%y%#’emé?‘re$€e%ehjtﬁha

Apst easf 360getiomashogldi po RseESUr OtAKMALEY BYel B8 1ume of the hydrogen

gas cylinder is forced to be large, and the space for the passenger

cabin is reduced. When the volume of the hydrogen gas cylinder is

small, on the other hand, the cruising distance is so shortened that

1t is practically not acceptable. Accordingly, it is a key point for
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15 doubl e-polarity multi-layered type electrolysis cell using PEM However,
i.t is a current problemof electrolysis by the electrolysis cell using PEM
that the pressure resistance of the seal nenber and PEM of the electrolysis
cell is as low as about 4 atm. The hydrogen and oxygen gases with a

pr essatel i ing thesaverent socdetsyrtad thehydnsgen ecanomyssoohyt et agebavairad
in the electrolyte cell as described above or had sone inprovenent on, and
hydr odewrinegen aubi bized canf the @nghgmss8tfcat dndo @ ihd ghdquicampfesseder gy
conversi on cannot be generated. Therefore, hydrogen is required to be

conpr dxwsdxepasn il th gasprespuresof asr héfhi asedd0sadmage aakd r ansport ati on.
25 For obtaining a high pressure hydrogen w thout using a gas conpressor,
l'i qui d hydr dgehte hydregenahad heen genematied bytelettrolyhipres sur aqueous
hydrogen, and the hydrogen is charged in a gas cylinder. However, it is a
di §ad\m¥h@3g@¢rﬁtq1¢ﬁ,iot§'epﬁﬁﬁéreﬁéw ddssiodstiingnanfa dkalk tne e leedo lydregsuch
energy and |iquid hydrogen dimnish under the G transportation and the

st or ag®s BoERapbmt hydroxide c0keH)t ha wagesf for weddmg aprtiad oof ftimeent
mai nt enance and is hard to produce |iquid hydrogen at the renote area under
the alRiRRETRLYHLS AesbRIvwnt Rodvehertagdyse memdsan® \falbrewimted tas eRBMgy
| oss, the energy conversion efficiency is decreased in the production of

| i qui IBREEREYS bS hegedaadd an )t by whd alspune wadesr bs ddaragtdnbgdactirndy zadch
energy, is required in the former case. Wile about three hundred mllion
cubi ¢ IRERMYSTARN 558n0rEIED| hrahren Peticetis regantyyearyarmia resslitol d
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and faci Ies not creating a I onal energres ar

gggstr&gtfﬁgfégpééﬁgigiﬂgliﬁggﬁgg?g%ohi9H§§Lﬁgsh%géﬂgﬁgaeﬁﬁcﬁﬁghﬁgk hgﬁég

l'i quefied drogen as a sure rogen source, ~or as

sourcadréﬁsaﬁéaagtéyget@& .i;isiéeﬁsheﬁﬁgxﬂ;gg{) ggwaagcs&&& l::h.g'é%ugdl for.

hydr ogen i e mayor energy source In t en-—economy~socl e

P R e e e L
| ncr eagdmi@v fhey| 4BRaS¥CH1SEs! BBnERAtEAROYRIWer WIRH Hirdgen is also
required.

-J 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 is relatively increased.

25 Consequently, the mixed gas becomes a detonating gas that involves
a danger of explosion to make it difficult to arbitrarily stop and
start gas generation. 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



5 generating the high pressure hydrogen with a pressure as high as 350 atm
aor nore is a thene of devel opnent. Devices with satisfactory functions are
not avail abl e today. For exanpl e conmercialized reciprocative conpressor
cannot meke gas over 200 atm and the di aphragm conpressor needs to exchange
a di- apfa2gih§Ha thoOd REry@nd Flurg nRiridee! | PRRbL LY most -
There isﬁgo gas conpressg?}gf capatlzll ty g%'ﬁgn%l?ngﬁ%r%r%%%ﬁa%wnﬁﬁfo@en
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i gnored. When purity of hydrogen used as or conver

10 int@sel 8€t 4l GaBOWBMpYesRErt He PEMu14Rla Gl loddePps - gﬁ egt are
poi soned to decrease the output poweMP of the coelqse, gﬁss?{r‘] aaf%)r%bf‘g%%gﬁ
shorte@émgregséheh?aggbgg,life of the cell. Therefore, contam nation of
hydrogen is a fatal drawback. The nost efficient utilization of energy as

thé mayor enpmgyodtradt 25paeer #atks 26CATRELCHIY dledfi® &g cdpPydhogen
by which the volune of the hydrogen is conpresSed under & high pressuie to

enabl ehigel hysling eydroden Weddid hydirogenh and 6kxP88R0L S ashpd Rl &y W LH8 bHen

be used as a substitute of the fossil fuels when hydrogen used as an energy

sour cethat parwaldtes onle gt dt Phnpies peMe TwEk FFEPs bY¥ Meadd N0 Thies ‘I\’ﬁﬂf@‘g
for the conveni ence of storage and transport . Various nethods of Pf

el ect roygsogehaard heeygen uite hats nilid@ it hmeblked o thelr epRer alleed IS 1 Hh
pressure hydrogen (high pressure hydrogen) only by electrolysis using no
gas cohpresddenliastappeddfidts elacet fass 1Y QO Wode dies RAKalliad hana
devi ce for generating high pressure hydrogen required for utilizing

hyl@r ogevart andehalpyofoeieetmollyshy alaycibelaptistramily coépehyedior sol ving
the problem of | ow pressure resistance of the electrolysis cell. For

exanpl €@nsequanthyi i e PEN dbpahestyPhs emdtiRubliscakceblbnt £o12 20nS@r Hi/eP
5,690, 797) that the force acting on the PEM of the - doubl e-polarity

nul ti -¥hg dreguend yvaryisgyelectelic pewer dienfearated dy phesmmerdb emrary
hydrogen generated in the cathode and oxygen generated in the anode, an
that thet®oh¥@ragenng on the seal nenber of the cell is a differential
pressure between the conbined 5 pressure of hydrogen and oxygen in the cel
and ext er nal The d8ethed oforhgeperptinge hdpbr presisaneeHydsogaroney gREMi n pur e
Mﬁ er in the high pressure vessel for storing pure water and oxygen in
order $teCERP1BF1IEnLS plRReGeRLLY BRéentghapresatiechigbspressurst bydypgen
hydrogen_and the pressure_of the high pressure vessel for storing oxygen to
be equtd %gﬁ{bbEFﬁPéﬁeﬁ iCANYGTSIOR o bigvhY toh 9aise PENRINGREhl Viedvime

of the C§{| are controlled within the pressure resistance of the cell.
Consequ@masge yalpme gnds BpJReranical RFLSHRER| INeReapieg dpvice sunhmse
of the_cell acts on the ceu%ﬁfven when hydrogen and oxygen i s generated at

a cont? ned" et o LAY HIRF ik B T e&VENINA 15 ¢ hydragen with
corr ost ot erowEdoPF P8s DRERR" B e o E T dimk TaY (e YetALESqopnly by
e e RO B PR eth ) S R PSR 1y B RRTE, PREES, Briideurliga oo
Ther ef P FRE AROEGRALCE TR, FRSRr AN, TRt b R G G BER pc

envi r Gideit et@REE WHPR D1 OR Predhdnt NP dfRdld Y1 SRYRESt COL M oSl on
of netals and water together asthe
expendables is not needed. Therefore, a maintenance-free and
unattended automatic operation for a long period of time is possible
25 to enable practical conversion of the natural 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, it is

an advantage of the PEM electrolysis method that less compression power
5



pressure is increased. Furthernore, corrosion of the netallic parts such as
t.he 25 electrodes are liable to occur as the tenperature is increased in

t he perm ssible range of heat resistance of PEM |n addition, the |eak
current cannot be ignored since resistivity of pure water in which the PEM

el ect rod ysdguLRbl, | Sn@ URIEHE AKLECES 26851 s wgeeﬁbfﬁgégbbﬂglé%pgﬁg@&%ft&% €

I ncrease i s solved by cooling pure water in which t ectrolysis

cel | i 'bﬁ?éélﬁﬁlrQYhya}:BEefﬁ EgaPEﬁXE:iéﬁﬂ%ﬂ.ytsﬁ% b érfex.feﬁ CeSh$@rBEon.

operated at a tenperature o C or |l ess whére the cel i cl ency becones

poor, and t heh@B9Eden b gadkia®l ngh FaSeG R BABER &3 i S £0L

Y%
utilization of heat. 5 Therefore, this proposal involves |nhereﬁtﬁﬁﬁiﬁ%§m
to be eDéyELoBYEsaSe Bl P rapatdd WP g AXPARF ANty gﬁ* uRifCldd 1 5
current by the decrease of resistivity of pure water, in order to generate
hi gh prEeh W & e JreQHilctd the peM,| hablagh¥dEaagr 12S c2BcR2ads SULTE-
10 When abnormalities such as break of PEM i sol ating the anode conpart nent

of theaglpaaviolwsE6rmell o bofthi & SrEatd dh xRS 18EsinaRi cRE8I & Pdiaeal
menber of the electrolysis cell occur, a |arge anmount of hydrogen i's m xed

with oxygetrodet thrbigh wheerupareekhtbeuanadghbesehee! palrmiabiee! | since
arising a danger of generating a 15 detonating gas. Therefore, a

count esaea s ¥l fier 1hhiinadadyen the a S tESLY $ £6.cCL Wali ity YheVBith@cture
generation of high pressure hydrogen with a pressure of as high as several

hundr eals detsordibetabove, piass ielllee tiroder patt Pt eohinghé scll@itiideck19ris named
generati ng hydrogen and oxygen , the device J is currently only applicable
f d0 gemsmadonyglaypodgrityid¢leatpods simeeotheakratrédaseatvas andh icla thodwt
easy to generate high pressure hydrogen with a pressure of several hundreds
atm t has Wwelk@ssipnecanddeo DEhediBM sdectmulusiid iceilig comprdgdmond ami natasd)y
source. A part of the electric current flowng in the electrolysis cell 25
fl ows "Ripueelhat eayi hewnpdfedhaselae doubllesipo legtity amsitiel gperég thpe
decrease of resistivity of pure water) even when the problem of corrosion
of rret%l@cw%zﬁ%cﬁelsﬁer Mchjexpeasahdor| ke coslopsitsadied ondivy etheagemaee
el ectric power |oss caused. Moreover, since pressure resistance and heat
resi st@hce 8Ysteae for- axBREA§dngedilighaprensure hyfgogen by atlve her probl em
;ggt the decreased resistivity as a result of the decreased purity of pure
er FPubhe-RPYAThEEsBULElvdeyeredystype edasirakyes by iephhi uping PEM.

resistivityH§¥ regenerating contam nated _pure water into pure water using

the ion-excHaMeVeEsi ht 17 BaFEFrEaPar Prﬁbﬁﬁf"s Ofs € eT VS ¥ I ebi®ecause

Lo G5 N TR G S ol DRGSR it a Mh LUEb et o 2y
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

) 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 required for energy conversion cannot be
generated. Therefore, hydrogen is required to be compressed using
a gas compressor for efficlent 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 ligquefaction of

hydrogen needs large energy and liguid hydrogen diminish under the
6



i on- exchange resin due to accel erated di ssolution of wall substances of the
vessel into pure water when the tenperature of pure water is increased for
decreasing resistivity, the pressure of the cell is restricted because the
i on-exchange resin is broken by treating pure water under a high pressure.
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for utilization of hydrogen as a energy source. 15 For solving
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st or edsh§re89a" 8E€hhh@l . pressure tanks while hernetically imersing the
electrolysis cell in an electrically insulating liquid in an exclusive high

Pregssure vesgethiresPeef £@ dHEMRNLEY, Qgﬂeogn@frg@ebﬁhﬁzem%rﬁﬁ E‘cienc%d

el ectrode due to coexi stence of ‘0xygen and water "at a high tenperature a

pressuig. adeisasBihofl tRé Qﬂb?ﬂuéﬁibhepfoibgﬁi@bi‘&a&oggncQrsr %\‘r&ﬁbx@’d 2vf:l.th.
el ectrolysis and decrease of resistivity of pure water at once, but alsois
abl e tehereyenif tdumpled H5ed | Hpa Beged r.ﬁ[ﬁé@'nﬂﬂ:ﬂ%@é;ﬁcﬁé' PEE i'@tﬁ'[;?

e

serves for isolating oxygen.fron1hydrogen even when the electrolysis c
i's brokermetheasdy owiebléyabsitovhhgeshhfbtiYeal miha 168 louvke mdiweveg, this

method is still difficult to practically enploy since no practically
avai | avyeérefent iscably annukadliyngn ittdisd dodn HfErSdverahet&heCcEp0lY SieS
cell in the high pressure vessel has not been found today. 5 A vast

quént i hydobgéhel kesttimatald yoibes coasumed when kb sy refdpdréen t CoF donks £ He
demands of the device for generating hydrogen enough for being converted

i nt o vastomabihesoise hyrdpoddmasi the ypds.ed AnoeherggnexiceddihigvEty€ramavdint S
difficult to chemcally synthesize and use a |large quantity of the

el ect refathe hwdpbgenngnergy curiremdhlly @waidiablen i the mavkebnmagt be or
so that the environnment , particularly groundwater and soil, is not readily
pol | ut eengymedaagthe \phesgyr reghéredglicd Liqguedyiingd shchborasic amoustt b
and chemcally stable so that the liquid is not reactive wwth a mnute
quant i RydBP9IBRygen and hydrogen | eaking fromthe electrolysis cell while
hag%ng no dggger 15 of explosion by reacting with oxygen even when a | arge
quantity of dkydewnghsliguréying mpehangs prevghr £oreddauefgusty slvah Wast|y
insulating liquids that satisfies these conditions have not been actually

f ound. argRENE grogepEhpyhl bs gonstruchad » Eheraitdi v opa Bl wicom st t edt
performances , its production and use are forbidden fromthe view point of
publ i clh@RefYLiBAMATHLRER @RI Y CORFUNR aterathatidthaut crepting addiditanal
avai l abl e insulatingfoils are inflammbl e, and involves a potential danger

of expPBEFE¥ ARENCORFYDE MONESRSFIYIn addition, pure water is difficult to
use since regjstivity 25 of pure water changes with tinme as described
above, althdﬁéﬁrﬁﬁ?ﬁgmanp P%s&ﬁﬂuﬁ§1€9bgW%&mﬁ§£sin?%Lﬁ%ﬁ?ﬁ% $OYLra. is

Si nce water has a tential to di.ssolve all the sybstapces, , the

red o REPEOVERtRaPRRdrEh e RRaI AP P SR E SO ER S P ORS e o eREY s
in theghj S l;... Thi crease o | SLLvi 12 not _only
decreaggggg%??gge#%$ %?%?%é“§bﬁd§ﬁﬁ§%ﬁ?¥i %éﬁgéﬁéc ??c£§ﬁ??gnF°géﬁerated,
but al k jC power in
the hi Ch"Brsaurs sessar ey o bt T ErLER mPaEbhEh: 0o The
pressure. ThAgcbPEiRg3§, OhiskN® £PNeYRIMFE By tendy by
whi ch the elec?rolys?sﬁcelf may beiéghally 3?&?%%355%;?ﬁé%gégs 5?%E?§%r t he
m xed Bp8r6§efysbases, ape Qéyﬁﬁn_ei:@!'g egeuplrded s HatelitBve, and it is
counterneasures for these potential dangers should be prOV|ded. 10

DIZ5CL QebRE1 PFcbhYEbELEbaAesardilnghiid hRareledC i sOft Heh tha Jote Rinedy P du¥ece

i nventors considering the situations as described above is to provide a
syst emianghaehhddoben @comonly by pIreHy efdygr@gen, wherein hi gh
pressure hydrogen, in particular having a pressure of as high as 350 15 atm
or nore requhedgésrcompressng hpdodges ,asnatheneterstands, than gioblems
efficiently generated w thout using any gas conpressor. Such hydrogen can
be st apfywaad off phytgensr dteetrdiied prestisntsly ysiMonesivey, mechanical

pressure increasing devices such as the gas compressor itself for
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an electric power generated by a frequently varying natural energy such as
sunlight. Accordingly, it was found that high pressure hydrogen can be
generated only by electrolysis conprising the steps of providing an

el ectrolysis cell using PEMin a high pressure vessel under a hydrogen

at nosp lie et ' I t sing the electrolysis cell, storing
hydroggﬁhgerﬁgfglpegﬁgﬂﬂg p(l:}jaéts%('j1 e ﬁ&#‘ﬁ’ge ' g‘ﬁlbﬁe%élﬁeeg &@s bdghoasi 3§0

the el gehr 8y fib$eCqls! tard Vi enerated at the anode in a high
pressure vessel for Ss?o??‘%g&e%efc{b%&%}s&s eﬂ%r'e @&Vg‘:etsodﬁ%rsﬁ%ﬁfﬁéﬁieﬁﬁed

D cosure Compr oecad et SyRATERIET AN TR S e rple i | <
Genor ot oneey ot o en e FSA0F Cabbot FREL Y IR SUC RN thS Hientagme
et veen the bt osenr o nt eheXotanst AP Bt {1008 B0 Rrg AP ageh and
ol ot rolyar e pure sRrar Torbe Sy o The2e B A R, e en sprrpr

Cored, and pire varer | <oy sof e P caGhn a0t R A S E Ranitia sars

stored, and pure water is supplied to the oxy

cel | altseltoaki agothed biroblBRAHRCMle dd Adfbdden. hydr ogen
Into e

generated in the electrolysis cell is returne hi gh pressure

vessel aft erWbenlpurg ty blf Kyerdgen vedagaaie ¢Lanosse ﬁn&éﬁ%}r‘%ﬂﬁn?éeﬁ he
s HHe

hi@? pressure vessel. It was found that the process above ena
el'éct rbhyei eleetritcopdeernnuelng athe rReAied 1NCa 4 Bt G OlYS ell is
prevented from 15 bei ng heated by energy loss in theri)el ect ?%\ey?l»is%c;tr"g%‘%%%.
The el @te DoiiyssinedtbidEcrase shawie fUPpowes @zsthaecéﬁﬂga&%w LS4y

in the PEM el ectrol ysis nethod. Although PEM used for PEM el eg?r%ii}%tgf%
made o?fpshgntenimgeofatbehaeirndca ndlfat iofelthedicil healrHeasifiance

conpar abl e to conventional plastics, its nechanical strength decreases when
t he t efpRtaminatiepeefishy00Ggent hsaar faitdldarmasiat 120C or nore. Since
the desirable tenperature for operating the electrolysis cell is 80 C of

| ess, the hethe geost atfiolent catiltzapbnon bfsenasgg BeSthe fib JRlre el g5 | S
1. I'n

oé water is renoved in the operation of the PEMelectrolysis cell.

ad@i ti TAYLFe Wadcegompddshredhly the commpmrstad bydrodges BEMiel €6t Y9 15me
syste%an be efficiently and precisely controlled by form ng the piping

li nes HRirbyerogan dsygenprassrd hoderesc bdmie presswes | t@seh 6181 Phag
i ne qf %Ef[geatin medi uag into branched fine tubes in order to increase
heat 7R 1Y RE deadihs innad @nddaEnspartesd . t Mivec by derosyeri RGinlbe -
a suffj ci(gntl$/ hlbgl% ressure resistance and heat conductivity. This is
advant 55e688 3 §1P& t§ 9Fithy fesalpfuels whgntkygregennisedasfan ehky gt

about by, the el ectrjc power generated by solar energy as a clean
ener gyéc?u%?%éisf FUET tﬁd}t’ﬁ&” dBEahigbe PEESENTS Bydsogss by redmcdwmenti tishe

t enper. f water jn the cell from decreasing to below OC as the
f r[ergzi‘ﬁ;g "gen%grrgtjégo?o%‘?rb#e%%r?fofSEPEPBSrP‘bq toan SRt v oMEgiiouseme thods

ener ai¢ rolysis o ter is halted at night in cold
gr ovi ﬁi:fesr?‘?é)h?y‘iginé) e°€a¥% %%é‘éﬁs%%?gAs%BagF%nﬁ‘lﬁﬁé&ift&blseeé'!qt':?g’Q%Irfﬁi@;h- hol es

for i i i f, a,thick high.pressure vessel has been
addi Ito a”jfrﬁa‘f%‘*%éﬁegﬁ?5ﬁ3§§%§%%¥§s’§'%°m f BEESTPTSh hY A& ogieddt PBILYSi s

cell wy @l@éﬂi%lﬁfﬁ%s YAl NS g%@cgoﬂl rtﬁ%%roel ecbéﬁhgg%jﬂgﬁklg@é Hgvgnbpﬁg

di fference 15 bet'ween the "pressSures 0 Egen

el ect wdﬁ§@q1t§%g€e@@mggn£ﬂgl he91LQ B§ WP% o, ttqj%ggir}&sﬁre resi stance

of the electrolysis cel Wever. Since the pressafd o

e2&ct hylatIderc elelquived Foredtidii HBChyvAFEHEACY s | oLl ng the

pressure is required as shown bel owBasyfaﬁer?e%ssuéHes?%o %f&&ﬁfn&nly by
electrolysis, particularly for solving the problem of low pressure

resistance of the electrolysis cell.

For example, it was noticed in Japanese Patent Publication No.

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



hydrogen acting on the electrolysis cell increase. The conventi onal
pressure control nmethods ( or pressure control by transfer of hydrogen and
oxygen, may becone inpossible to conply with the requirenent. Accordingly,
it was found that the pressure can be effectively controlled by allow ng

re Q L I Ot Ri r re 25 vessels, for ori ng hydrogen
gﬁd oﬁeggﬁlgoﬁggh??gﬁgﬁﬁ?$§uh?&%%%ﬁFv :ﬁﬂéiﬁ§%5ﬁfzfiﬁgﬁ%fipF%sgurg tog
anot he i i | ace of .pressure control b
ranef SLEepEEh il Boe8shollboPhEs HiarbleR S58ehrBACER Tia Rk oBncAna:
A pres o] | 4 or ressure_control ., pret hod 15 has
beon of SYBSAUBLAOLAELQRER QMDA andl H e HE £ 5RRR! et MRAR e seal

pr el ShebBEYhel onecaBy okl goat PeodhLERST LAl R SRSt ESS S

resi stance Ps of the electrolysis ce

tiaeki4 i | hj i t hat

T AnC peasteRcse el ol it Shlydl I LAE] Ge1 fhRg FRrL Mdkrr e of
t] hi 0 (1) Th i

O] Capone kg e, b RaRY ity €e09°0s strnelaed o it bake T Fa e i,

S(, fpressureoydssen ik debirdingbhth WESE Wit o¥ydeh LACLEISE ¥5 NS "

order to increase the pressure ogen or OXygéen—ge

since the messEaey i% ok ﬁﬂﬁwféééé&é e i %%“Ts'fkglb—itfe?&f’@&” Sabs SHETSLTY

limted, the pressure P of ogen or oxygen aval SVeRTRAT ;
det er nbnedsibehys tHee mmﬁwr@srs%&le%a%elpﬁoefsiﬁfiﬁ e&#g@{e%%ef 15eld gy i e

the al |l owabl e pressure resistance of the currently aval ect & 5

cdl0 i Sheetf fétyntbalt phedbites gcBLhy! &¢ Y KO PER Ul P!dd eseULe
may be within 4/10) or within 40% whe% the pressure %fgéo%é&eeﬁ&oe%r h%/tfiﬁ:o en

gener acellli srabocanhtiflaem wAthandithe Yrddsar@thad senedtsonghd yeuged for
controlling the pressure can be enployed with no danger of breaking the

el ect repysequently, Thelygf ar diffemeatdane prfesthntd wibthat Midabrésshgui red
for utilizing hydrogen as an energy source can be applied in the
conver¥edhatarrecef dihesiceldeattatoprdsenel126veneNen  hyd o i Yard @5iyfen
control of the pressure with an accuracy of 4 / 400 or nore , or 1 %or
nore (1% gen@fdtestat arcomirimest prepsare satebgiggnei@ipreg Sl 286 starte
pressure of 350 atm or for generating hydrogen and oxygen at a pressure

r é%ui refl the epdds t thereby enalbing digh pPesasumef hydesgen! €o beshageldted.
electrolysis cell. 16 This accuracy is hardly attainable by the

convent i onalHOHR ¥R, feerEeaien| ¢f metaklpecepauts, shndld ber eoakliideire@niy Ol
of the pressure would be required, since hydrogen conpressed under a

pr essutie ofewbott £9p09aparabdng shenbydaoden @arel faxygen dgaske. i M@t or s
have investigfte a nethod for excluding the factors that nake the pressure
resi stShTREDP LY FES ddch As| gubmerged i pyaer water big healdirgs ithen netead gror
controlling. the $res€ure ig transferring pure water, and found that the

el ect rOTSATE RS RAYi YR LS nBhering  oxygeR deneratedeatctsbei boddkedai mikt er

iseffective for inproving t ressure resistance of the electrolysis

c&r . ﬁl‘ﬁ#ﬂé %’f%ﬁ:‘f{ﬁ eveb%?ﬁ'?t shﬁf‘é"‘?ﬁs%%t etherelegtroduspresslilehaudngl the
housi rolyvsis.cell to be small. In addition, the high pressure
vesse{p%%%&(;&$%ﬁﬁe%¥9\}?ﬂ Thafanvironmant gontadaimahigh praspuneexygen

t hi ckngsse been required t e thick in response to 15 the
pressur e ggl%%%@eﬁéé%?ggﬁec?ﬁrf?ﬁﬁggso f"‘F%@Rﬁi Gy water dqgathar s Heen
reqmlﬁ¥£§§h{géiéfﬂ§éré Séae pressure is higher, or the thickness has been
required to be Tncreaseéd rn’ proportion to the square of the dianeter of the

. Th [ it fact d
handi 1 ng of "Che eamiiet e SEESh 8L S, AEARALGEBER, 5U6 &% Mshgeous
i 951 t : . 1 o ; tore i
Ief f :acfeilve foor%réeé;ﬁ:ﬂta)’?% ?ﬁghte hjccaaef ec]{ %%Qghégg‘%'?’rt’ggafﬁﬁso N Yag e{atl‘J?%‘ ErgblFEe

| ar igermiddibl [AYE] sy i xed . i b
oI Casi o P e e A S & 1R a4 38, "2 Tk

per MeatimErICANRIE b MM ES Andderddiieses pyeodi fegl %ag{efchgr&r?f'chm 0

the high pressure hydrogen vessel from each cathode o e ce _
provi diheg PEMIie3 ebatre yRAld ceQIMyRi Qabmegg\déﬂdt BekbRatRlsNOdRnah tHE Si&S1 4! !
an

of the double polarity electrode; |
of temperature increase is solved by cooling pure water in which the
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(3) pure water to be electrolyzed is supplied through a pure water feed
passageway fornmed by a hole provided at the center of the cell. 5 A water

| evel meter was al so devel oped by taking advantage of a large difference of
el ectrical conductivity between a gas such as oxygen and pure water, in

Or dor pEMIledt Ay d 0l L@Ns BT € BRI A5 Skl SRRRASUECTERL Ol i ne

water |evel in the vessel in the presencé o ressure”gas

| MPr OV H0F & P @CEHINRE Yopir NP T & tRMpeatuil loF R Wat %é&%éxﬁé il

material of electrolysis and oxygen generated by electrolysis are stored in

t he hig@lpr%ﬁué@eﬁ@ﬁs%cbﬁggt sbr,itanlaaxhtaeowﬁmryg?&% t Y554, hat
a

water is stored at the bottom half and oxygen'is store e top half in

the vegsehabenesgeonh e dersityval u®@MIPAtiDPASS HEdtr as 1. 429 x 10-3
g/cc at the standard conditions (0C and 1 atm. However, oxygen has a

deldsity equathéfefbee fdahdist propo¥al GnvlvePIRASY o9l
calculation of 1/ ( 1. 429 g ?%?3) :n§00 wth theégﬁg%ﬁso ﬁﬁ%?kgégg%%ﬂﬁidan

i deal gash ddiéeleBtrolPeicV\BdbLrobliont ByosxpyEachnat 18aR 83ate 1 S8+
than 700 atm and an enpirical rule that a gas is lighter than water 1s not

val i d.byotheind¢etyaseush reyessiontof othpudenwhatyrdoes Bele2CtY geH&Sstd he
pressure is 1000 atmor nore considering the size of the oxygen nol ecul e

and i nbeghmpeessare floydeogdn @emenredicwy aitila Filmpthyamsgeld dL\wl RSy
that has been w dely used cannot accurately sense the water surface due ¥o
unst ab$eunceenent of the float caused by water stream and other factors,
when the difference of density between water and oxygen becones small. In
ad® tion, dufzen|abyoohalhtiékoatchoabebursatt of P filsadlatite tiey ehnsaker
agai nst the pressure should be taken 18 into consideration, because the
fl oat cemparbnenheof| bhe eypetirelysisecelli Sromgiitsedatholiaveompazitpriretn)
specific gravity of less than 1. Therefore, manufacture of a float durable
to a pPEskigak refihe ddal mentiemoforhel efllectnpdivsgen cerldr gechas, kedmarge
considered to be 5 difficult. The inventors have devel oped a | evel neter

t hat cHROBRtsehbhydspeent &g mided wikbglexwgsssuire tthe sidlvipressese cell
problens, in order to steadily and widely inplenent the nethod for

gener BPRELRY ghher edegEEORYSiSge8ldcc@rdisinga @ dandew «off igenetdtThg a
ineention conpl eted as descri bed above provides a system for generating

hi \é'h pleteR? BiRg FaYen TGHRG AWag BaFountermerpsire Eer| thils ptanger s diigmh
pressure vessel that al so serves as a storage tank of hydrogen generated.
The el B8EMHFSSis cel | conprises pol yel ectrol yte membranes for generating
hydrogenlanngx%ﬁ$£ b{ 15 e[ectrolgsis of pure water. The invention also
provi des a V<% R91yenthiliengentEat hPBsehr BighdPEgERUESNPYAEOEST Wi th gh

I [ |, f tori hyd ted
an o MRAETRELE o o048 Rt SSPOFRlGRENERRB) SERco PR ad e PSR i don

| i |1 i Si [ | | nb f
ener 1 e AP 43RS Bt £55 peiiely S v B2plhind SlisPn e Aegrvce
i d.the hi
Ségizri$or S ofﬁﬁgkgﬁéc%Pgﬁ%g%%h%ﬁ?grggggégéﬁghSigﬁgﬂogﬁﬂé&gﬁgésiigg%ure
i L% h i L. h f
8222?2??ﬁ%§ﬁ?g ipFégguggﬁﬁ;é?géghsﬁggngtp%%gfuﬁépr r|%%ﬁé%§%f%§t$g}sgﬁre

cont 1 Ay aRGeén Wi L€ B s i T o R Hhuldied I 2¥n %%%Swsecghg&g%&gdgh

pressure vessel or storing hydrogen an € | nner pressure of

PressuEg yessetesSarg! 8brNatPAYI8R ol AyAiYets Y AE! Wb Ld\P SEEPSYT €
resi stance of the electrolysis 19
A part of the electric current flowing in the electrolysis cell
25 flows in pure water in which the electrolysis cell is 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
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cell. Preferably, the system for generating high pressure hydrogen has a
pressure control device is provided for neasuring the pressures of
respective high pressure vessels and adjusting the differential 5 pressure
to a pressure below the pressure resistance of the electrolysis cell by

di schay g NG Y dr H6PnOF YL iaaUY et88c¥35¥§8 PLOYLO2Ys l%ggaoe:‘v‘etswft

hi gh pressure vessels belng swtched based on the neasured v

Pref ergbhye ddor&y st & Purlt SR Pudlel gt & 4 Pﬁéﬁglgxfggxggggsmé@sé hnot

pressure control devicCe is provided for adjustin erential pressure

to a pressme ¢ thedevgingl m@m@§1§@ﬁﬁfﬁ%@%@éeﬂQfaeil;iﬁgtéc{ﬂefaﬁﬁfngehg fre

allowing pure water to be transferred by swtcChing the“valves Int

vesselpa tonNaPt & hure Wit dd R inig) @heC QBRURNSNANYE Weldl fPur Qn"\’gh%ftiidhlar
respective high pressure vessels. 15 Preferably,” the system for generati hg

hi gh peiessuie Ay869961ishpEoB1BMEBELRASRORNEOle 1CMI KRy 1 T O¥E f8feh Byt HE
pi pe line comunicating with pure water filled in each high pressuré vessel

and t hen4R66ar By $n608hEhheEhbY tEhpePaeTd AICUYIR B Cor haytag a
slider that slides depending on the differential pressure of pure water ..J

in each hi glwit Bsspiite VRatet. skhoeiar Bbl ¥ilwbs Hetenedated woll tRet he
system for generating high pressure hydrogen is a double polarity

mul ti -icyesechange 1edin QuEtbsadge Bephtiedl dfysOiut 88h s edhidoubls Rl add ty
el ectrodes having catal yst layers on both surfaces thereof) and the

el ect rof yhe wedde RHirntso phuace dratie s wiizin tiheg tienlple d e & fipafr P WeSISalF €1 g
vessel so as to be conpressed with conpression jigs from above the table.
TH® prisentcasedefivrodeareaspngyirded saivaityqd thy messatd NgF htlge eeeIsule
hydr ogen, wherein an el ectrolysis cell conprising polyelectrolyte nenbranes
i s di spestdiched Yegaupe ddmiienvexchlangedezdn ibybrogen myndreatgang 3nere
generated by electrolysis of pure water using the electrolysis cell.

Hydr ogeatgenenderdai Bighopydssnrehe Gopghegressidye vdssels cdfifdiciyg tbe

el ectrolysis cell, and oxygen is stored in a high pressure vessel for

st or i ngereEete d1igh prasunphydregest hequiredt fior attuk sz plor afahgdrogen
Preferably, hydrogen generated is cooled before storing in the high
pressud® Je8BRFI¥oRAPUIAPAg the electrolysis cell. Preferably, the
differential_ pressure between the inner pressure of the high pressure
védsel for KK iFYLVyagoERASAnBrehdeMAnedapangsesdinexasiing Batenpr essur e
vessel _for storing{oxygen and pure water is adjusted bel ow a pressure of

t he prRBRiteationfuHdcaiiqmion A0 Elit My hasmraresed adnsdregen eparay

electrolysis cell in the electrolysis process. The pressure is preferably
contro??é% %?VgafugPPﬁﬁrPﬁéeﬁy&Poé@ﬁthéﬁﬁﬁﬁiQﬂki%B@&k#ﬁ%ﬁ%s%ﬁr@an

B e B 3 U8 0 R TR LA B L0950 L g o

DES Tt B PR bR o ph BB SRR g oo shove g, Lhe oot |
1181 950 BEPE LA Qo KREREIA1E) Skl BNl Bho LS gL
3t T O B N AN il et
S?g%@ﬁ%é%eﬁgk%\{]egﬁg r?%‘f%éi%an@' métaTs9sudhSH8VEné SEONBIAE JIQEdY

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.
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exanple of a current introduction termnal for feeding a large electric
current to the electrolysis cell; 21 Fig. 5 shows a schematic draw ng
provi ded for describing an exanple of a current introduction term nal for
feeding a small electric current to the water feed punp and | evel neter

the |h vl el Brve i M 4 B d&?%#ﬁ?,- 'F%'vﬁﬁaﬁrt‘fi%ﬁéad ol
Sr:ﬁtv.e HiS: %EE%EPng%eéxé%%?bWPF%ﬁ f%&§9°§?nsatle1§%cﬁﬁbg Habide
o Ll I oo ivife e il dnitnd Bh B %%ﬁlss“r%ﬁéeeﬁe%éem%

of th t rating high pressure hydrogen according to the
mven?‘?%é(nl§ %5%&8 82ga partial cross section showi ng the structure of the

155di f ferenty %'as&rgaau&ﬁtgemr d B1Ek0y %allkggélfgkiﬁsgfiiﬁ £a° Cg]'%“%eed

showi ng the structdre o he  rélease va ve |

cross sect.onl*lﬁ*oi}twéﬁéﬁgﬁ%u%furee{%%@?Ee PGt nraroda? rgugs
P ST éﬁ;éaoma LREOURE ARt senahg&ah R0 sLhe Ly fsgegd ko

exanple of t gener afT ng pressure rogen acc

the i nyentdpimed. F'rg)wewr SQ%saa&%%&wltc ftfasahéﬁﬁt:'a&pyoﬁgm%e%&eéé Urta

controller 1n Fig. 13; Fig. 14B shows Cross section ressure

gggt irgt%éé(;][a Zin R eﬁ&giﬂétﬂ@y%f\ thé é:lﬂctﬁféalfyginéﬁlﬁlﬂﬂ“{g il%rﬁi WL HSES
npl'e of the 22 pressure contro r;

10 any burden to the environment, or so that the environment, particularly
groundwater and soil, is not readily polluted by leakage. Moreover,
the liquid is required to be incombustible and chemically stable so
that the liquid is not reactive with a minute quantity of oxygen and
hydrogen leaking from the electrolysis cell while having no danger

15 of explosion by reacting with oxygen even when a large quantity of
oxygen 1s leaked in the high pressure vessel. Such electrically
insulating liquids that satisfies these conditions have not been
actually found.

For example, although PCB is a flame-retarded ligquid with

4) excellent performances, its production and use are forbidden from the
view point of public hazard and environmental pollution. Therefore,
all the currently availlable insulating oils are inflammable, and
involves a potential danger of explosion when oxygen is leaked.

In addition, pure water is difficult to use since resistivity

25 of pure water changes with time as described above, although pure water
itself is excellent as a insulating liquid.

Since pure water has a potential to dissolve all the substances,
the resistivity of pure water is gradually decreased when pure water

is sealed in the high pressure vessel. This decrease of resistivity
12
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Fig. 16 shows a partial cross section of a different pressure controller;
Fig. 17 is a cross section showng the structure and attachnment 5 of the
el ectrolysis cell according to the invention; Fig. 18 shows di sassenbl ed
perspective views of the electrolysis cell in Fig. 17; and Fig. 19

i.llust \ )
Col | IoE 8R1Y de e RBLE Stk 1 LRI cBIL I SO Felk AT QAR H fp i
Pr ef i i j d

re e&?&@eﬁé@@dl Bt Sadkot ﬂ?alflbsahﬁnhw o a?tﬁfggtdaq%ﬂéé 4 te%fr}._\s hRAE"

according to the invention W be describe erelin

| Nventé DEchasE Gedwer PLOWHES highS preamuad va s ad ukih g e Re' é&le%&xﬁﬁ?sﬁ%ﬂ

and oxygen by direct electrolysis of pure water using an electroly

conpri c¢ I taninepeese Rwpresshrand Mg HAdRredEerss Y praakaadndy 4y sach
other with a partition nenbrane such as a poneIectronFe menbr ane. As

descr i degotentitaBi Hanbeyebyt hRiphesde! el@HI1Gs RN ES Md P er £E8HAT
hydrogen to be safely and stably generated wth no use of dgas conpressg}s
usi ng eruyké@ by dhgPrestirg bydengeniangd xyoen maned goe ity d¥Ry&Y Mgy

t he conventional system Each nenber constituting the generation system’s
pri ncilpalexplidie danThexdfforelScornberméaguiresnfbbetitdde pdtentlid B dangers
schemati ¢ di agram show ng the overall constitution of an exanpl e of fﬁe
syst enshanl deber prowgdbdgh pressure hydrogen according to the invention.
The reference nunmeral 1 denotes an electrolysis cell placed in a high
pressure vessel 10 ( also referred 23 ' to as a high pressure vessel for
storing hydrogen since it also served as a vessel for storing hydrogen as
will PRISEk@SVRBIOReINVBNIAON) . The el ectrolysis cell conprises an anode
conpartnment and a cat hode conpartnent (not shown) partitioned with

pol yel ect r olA¢ecrdhpghviestBe (PBNpchaviEnghel domeaddomtbybdite elmisent o PEM
Pure water for electrolysis is supplied to the anode conpartnent of the

el ect repysidexing the g tionmas dgseribediapoye Lento providelectystiemsi s
cell is constructed so that oxygen and hydrogen are generated in the anode
conpar@f@ e thadcEpRogenesatingnbidgh prassure diydragen hewlereirchighysi s
cell 1 by feeding electricity froma power source 9 through a cathode |ine
5 and RFesfvHe hydeogenodndngidittiardavinhe anessuzenplrasgntghsasafoto
a&%igh gressure vessel 31 (also referred to as a electrolysis pure water
tamk oft® 9 LS sediiFafkfoq) utdtizipg hYdsegeBnRstan eREFINFVIRGE 1 BT S

15 purge ma#E% thrOﬁgh a return pipe line 4 together wwth a part of pure
wat er BRppt FEOLPREAY 296N ARG e M RO 1S Ng AN 93F FIRPEeBFRH . | Such

| 3la hayi | I, bott ided at th t of
Che ol BEFTosoR balp becvah B g 8ok Y, GRnSrAr Y ondw.Py £ 1ar 110 ko ng
the J electrolysi L.l di tly disch dint
the b B BreStei 8 peted) S5hSnteurBTen FRemERRiyn vBrYds Bajidad esTOY
Howeveg cﬁigge ﬁgggrgked hydrogen is heated by electric power |oss during
electro?y5|s, the s ectrolysis cell 1 housed in the high pressure vessel 10

nigh or essur i Y REaERoIg: ¥ A8l Rt LAY, RAER R ofs S 8" ISR, Pt by
goner arer TR eRoHFL Y ST SO P (b Er Bl ¥hq e clidlos B an
ext er nél e 8£pb 19X ¢ DAL wBIMPPEM AP a0h1 §RH I KL $23Wel URGER 2 1Yatbgen
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



through a pipe line, and hydrogen is discharged into the high pressure
vessel 10, preferably into the bottomor in the vicinity thereof, through a
hydr ogen di scharge pipe |ine 2. Consequently, the heat generated by the
el ectric power |loss of the electrolysis cell 1 is 5 cooled, and hydrogen is

Mai Nt gnRedAtl HaJeMRidyaididd e for operating the electrolysis cell
Tenperaturés of hydrogen f lowng in and out of the heat exchanger 25b are

measured wi gl her @’é‘i‘i{é}r%&%o?@%y%&‘én?%d R iakeldescithd deabSPRET Bles

of hydrogen is controlled by controlling the tenperature 10 and vol une of

col d yaker 38Nk liditddiiEdiE s 19 ROV 230 1§ 9158 duml 09aH Db S£830894 nly’ OM

a hydrogen di scharge pi'pe 2 becones heavier due to a | ower tenperature than

the t @iReHalr#es et nd EQQ%%u&teOb%@wie@nt Iaaeh'ggasaﬁeésafetuesmbhlﬁregsure
cooling the formed with the heat exchanger 25b, cool hydrogen is collected

at 5t he,daQid10mckd Dokt iveg Mpdrds&ssane YRESEresBurkowevehe iigh e 986Pei S
lifted up by hydrogen flowmng In fromthe hydrogen discharge pipe line 2 ,

and | y;easeandesd P¥ot LY Txiddr an8PETeEL o BYaYE tphd ¥ tieiet b @ Alcddy € hian

i ncreased by making contact with the electrolysis cell 1. This ascending
hydr ogafe Gaiddifrd e diatiantd of HEM durght phesig ecvessbéctrdl¥fikheeugh a
val ve 15 and needl e valve 16 , and the electrolysis cell 1 is efficiently
cool ediydfiden tdiml @x@ajemloptiained lark stoted,ednd phrpuwatest &6 sapplied
certain extent by feeding pure water that has been cool ed at the heat
exchangerthibaxywdrheidieod® thdeeleberoagisiisgceldill afyeaf cobbilingurd waitdr a25
is not sufficient as conpared with the electrolysis cell of the PEM

ell@ct e ats exchysigem kndwnaddithenarhydihegen gendmmssregddn thpuetentireldysis
Therefore) it is desirable, in the construction in which the electrolysis
cell Ieékl Hesusetiurnedhénho gthehdghupressusel vagsebraster iaup Haly oyarl) theat
hydr ogen generated in the electrolysis cell 1 returns 25 to the high

pr essheaty @xahiangrsidignared|adctthel paitsigde of1thet BigbobBreRgural veese it
is contenplated to directly discharge hydrogen into the high pressure
vessel Tuwasy foyad gHathehai @ﬁo%@%gs%?%v% leg &g elestyodinfl hicmll to
conduction area is required for cooling since_the heat is distributed in

t he hikgpmexesstipblycererated singgidhe shectrelyeds eohliuks iPHawenfeq faom
vessel becones Eoor as the pressure is_increased since the wall of the high
plesspelngieated b¥ eREEEV4CFS BB theckeleptdrdisile RIRLHBthod i s not

considered to be excellent in_the cooligg 10 efficienﬁy. Eﬁf glectrol Si s
cel | can be B¢ ediegtuatvsist 66EAFLIENSENE? JIORF APBFOYER RSt teqPeratiye

P b e e b )
QL?rC?ZAEEE?E ¥§§§ﬁtsé§abz23§t?gixﬂﬁEtTelF§rFssn?FVCO rFOngggigﬁ X:f%QW@
gener EELASHETIARF T HPEEOLE Ao st St PA MY P s hethans ca
orh (REFEhgthogERtBhEEs Ml KA BhbElal A0S, Uiicdehel 1000 Werfh MBIS
Line ZaLBEoUGD hRe1BRat BEchRade! SPMcRY teS BRRLANBANS RAfRA I A EAS! NG

function o e electrolysis cell 1 without using a punp. 'I'n addition, heat
Conducsf,lééfaifiﬁp El\{gré’ﬂééti:ﬁﬁrﬁgéeéefi {hesPresrnGdd), ik Ml etaiiGed
vessel I'Ss gher, and the ability 2~ fox cooling the electrolysis cell 1
i's i MpOVEbctric power loss as a result of electrolysis of water is removed
in the operation of the PEM electrolysis cell. In addition, it was
25 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



It is also evident that high pressure hydrogen can be stably and
efficiently generated in this invention . According to the present
invention, in particular) hydrogen warned by the electrolysis cell 1
ascends and reaches the upper part of the high pressure vessel 10 26 by

r-et ur iy Bﬁf?ﬁ@&%‘t’lycﬁﬁlgﬁdpté‘séﬁlfe hegad1 PXEhed$8Ya Raltt eohaﬁch&a KR ¢ of mes

hi gh pressure vessel is released through a valve 15 and needl’e

val ve 116 dagitiefe dhd hf@i‘téféé@ﬂob?ﬁing%ﬁoadﬁﬂﬁkﬁri%@ dngd 4 €h£RCY Of
the electrolysis cell is high to enable a efficient systemfor

gener gﬁd&ﬂ% R et Yo egasy t&@%ﬂ@étﬂi@%oxb&ﬂ@éﬂérﬂ%@ﬁr ?6%1”& he

el ectrol ysis 1 as described above is discharged into the pressure

vesselendkdy o tdecIwah o gy SChaE8e Puberei nq&nn@f%&@hheab%d o %nis
stored in the high pressure vessel 10. 10 Wien en electric power is

COBt i MetIfdd 1541 ipR@vieriMthiee tRaipRr at@ite 9 puel kA tlredh @hesSice 1€/ #rom

t hrough the cathode |line 5 and anode line 7, pure water is continuously

el ect rqdyzess 110y gwem@wwoayoeasaaﬂehfde@ggng Qempeitdte i st whehhe
oxygen pool 3la of the electrolysis pure water tank 31 while hydrogen is

col | edpukraidd dhethe gblecesslysikecasehl Or gedeirad iINE IS o int Bg t ank
and vessel are elevated. The pressures of oxygen and hydrogen are neasured
by preslacterobyses dPaated 38bhalesdeati neght i BoXEPrIvitiCe €l GELLWI B S
pure water tank 31 and hi gh pressure vessel 10, respectively. The neasured
J val vesnter seapemed W th each other using an independently provided
controller (not shown). When the pressure of oxygen is higher then the
prBssure of Zypdvedemethod Exangtal ing vhineudt-helastfompuwld ing deim Hd e
control signal fromthe controller, and oxygen is rel eased through a needle
val ve B¥es aitchfirgethhckhbighr poessureeveissed has2deadre addtelondhéy t he
pressure of oxygen is equal to the pressure of hydrogen, on the other hand,
t he neawwentedve 36 is closed by operating the controller . The aperture of
the needle valve 38 is automatically controlled by the controller depending
on the magniRQKIEURPTENS1Md e &oman agténgme thet abent BRI} SRl hytirtdyion.
2r Hydr ogen and oxygen are generated in a proportion of 2 . 1 in volune
by el d&te (ﬂ'{/%$%‘gr‘buF%5€wﬁFéPCPn°fhéhél edecdrpdivsigelqell . thendpfferencer is
cqgtlnuousl el ectrolyzed by closing the val ves 36 and 37 conmuni cati ng
éHeFRJE‘FS%‘iﬁeS Afdhpyregeriany prEISRIAMIINg on tHhpieigsctrolysis

ressure vessel 10 wi thout discharging hédrogen

Sﬁﬂ%@nr' 3 t'%l%qvﬁsi%&wepa@ggéﬁg £9 he pidhim ﬁ?&r%@%ﬁs‘i‘ﬁelﬂﬁ’esﬁ?%“ﬁﬁgé h
31

ey wgoﬂmﬁemﬁ?iis“Qﬁ%ﬁé’éﬁgﬂpééaﬂé B R ord e
|nvent n i S cted. to cont h pressure dr ogen

farokysEs ferl 1F Jidig“ Diig et AR AT S oMkl the the
Egﬁ{g g? é&rgﬁf qgg 8 8 Brolle? so_t hat the %I ne_ i s 4@6
| ess 2 Vol uTe sureVe€8el %0 Vi fﬁ@QMHQQ
| l?# U et St LN | 1*3"@ ?2 egcrhs Psﬁsssﬁ&so b
ot ey Er ?%%‘aas%?ﬁ%gﬁghg %le@*‘ﬁﬁﬁ%#is%?ll%%eﬂ%&?{%ﬁeﬁ% AL SS Ry iDL
contr 3&%@&’«5&& t&ﬁ{tﬂﬂg @rtﬁx%%%r > ?Qf TEE 'c%ﬂf’&yggeﬂi’éﬁs‘f&té‘@ ng{]dg%sg‘gne

of hydrogen, or so 't pressure t ween oxygen

hydr oggy i &gﬁeheaﬁay%wbﬁ ol BRPBEEI e troe%o%&pafqp G fh 16 Jésaaagggﬁa}ﬁ :

cell) or wt attl with a pressure contr oxygen to

hi gheradderaing1p! eseunBsOEolndr @8R tHeHridis ¥ e Ssan ase Of £ PYdE 9980 yand

oxygen reach respective prescribed pressures, the controller autonatlcally

stops ddrerebeLédi Sypamw&agf padel aPelhedivBimeP Wk erfe tR1 §Repressure
el ectrolysis cell 1, and 2 | ectrolysis is stopped with a halt of

PR2ESS UFés & 61T FdICs t RENPNBEStE fisn ahd vy §eRt2PE twatiFerfed 2ol GWessel
pressure vessel 10 and oxygen pool 3la, respectively, controlled as

descr i teeh id Qv eh igtee i preyss wen ti o ldrect Wi f rd 88410 HavamRs Wineweld pPrdeiare,
oxygen pressure a little higher, and the differential pressure between
oxygeniranl &8 of pgrebsges ¢ontoonl rwy [techredférasi hydivgen her pesden eas a
resi stance of the electrolysis cell. Accordingly) the differential pressure
bet weegas heor nsydeséand bothi netbbdishdogleddtaml ysis cell 1, and the pressure
acting on the partition nmenbrane (a nenbrane having platinumb5 el ectrodes
on PEM i solfapregsure enteotbeparmisimalieforithe prhssurecrgat robmethod he
el ectrolysis cell 1 are controlled to Qg W t hin



t he pressure resistance of the nenbrane. Consequently, the partition
menbrane i s not broken with no | eak of hydrogen and oxygen. The partition
menbrane nmay happen to be broken, or a part of the seal nenber of the
electrolysis cell 1 may happen to be broken for certain reasons. However,

the pressWéerfa %38§€ﬂ%£g%$&.balanced with the pressure of hydrogen by

permtting a sm pure water in the electrolysis pure water tank

o1, TLY 1O 49034 RgsauL VEppcla vt SAORECHBERERSs S )

water feed pipe line 1l eturn pipe l1ne 4 con

el ect iy ScnRbl1ind ARdaNOELA Olat Nor eh S O ¥iSL SpPULEWYR! L6l Ut

and by controlling the pressure oxygen 1 n the oxygén poo

litt] edibghenetdBdctAS1 P LS HM1a hahysl g%gésmggaré beobp%hvﬁ%éx? W t%ﬁ(ér%n gﬁo

Consequent |y, excess pure water is pr from

pr 8SS Wéhees66d i ttheR eTeked 0193181 cBY AN 00BR1 8L WAYHSR hea@led Hf r@%igol}

thereby rendering the process quite safe. Furthernore, when the volune
hydr ogared sutéecOxyBsD HOGUrady 1§ se@RipEacint tnbesPhanm bﬁ&smgft (¥ £or
vol ume of the high pressure vessel 107, it cannot be anticipated that the

oxygergérrbﬂ\emge@ﬁéohy?hSpﬁeéguEé woliebgeank 31 is mxed with hydrogen in
the high pressure vessel 10 even under any breakage conditions predictable.

Suppose t hats axygesyp ) s heo®xygen pool 3la be aggiydentally m xed with
hydrogen in the high pressure vessel 10, but the concentration of hydrogen

never exceedrhe d@Y®tion N{1) cbewd! SowntRat 42k BHINEcE3Ea2d toCARITAYE
never happens. The descriptions above are only valid when nor mal

elfct raltises Pé omt ehei preoismahnbiknedorUsoalting] 1d mafiie (EFsopeatehlt he
power source ( see Handbook of Safety Precautions and Control in

Manuf getessute pfoiSdro doecdheeiser s hadafia it .oxader toulnicyiesd; eyt Hee plrieas (@ |
1993) functions imedi ately after the controller senses an abnor mal

el ect rk ofchydrngeor onloxkygen gevlerzgesd aniloveseat,i shnck the afemeraty® for

systemis stopped to ensure safety. A damage nore than breakage of the

el ect repykrelting theadhffeneppinlbpraisshessti sproammntigy ekithbsedn thesed

by m xi ng of hydrogen and oxygen. Since m xing of oxygen and hydrogen due

to an RERRIWEE Biqh aysiragen @reoxydepsayvaddiable ighevhnitsad lyedelttenutined

detect abl e as abnormal by nonitoring the current and voltage of the

cdft r PY ekhe chressusensesissanrenPan ofx jidpen etllestoicesisiozehd a hydrogen

transducer 31b, and operation of the hydrolysis cell is urgently stopped.

Therefore, &reke rtlayabbgcRreEqUreederds tanice Afhdhey drworen by an

ener gy source .
available electrolysis cell is 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.

«) 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.
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can be safely generated. Since the electrolysis cell 1, the cathode line 5
and anode line 7 for feeding electricity to the cell, and the el ectrode
terminals 6 and 8 are all placed in a high pressure hydrogen atnosphere,
probl ens of electrolytic corrosion can be avoi ded. Wien hydrogen is used,
t.-he val ve 15 attacheﬁ to thi high Rressure vessel 10 is open by operating
the cotft$IFSFUrARY h§RafehYi at531ngRleoPNe 4DE coRYientianaly nethods fom
by adjustéﬁg ige aperture of thergfedle val ve 16. Pressure decrease in the
hi gh FRELILIIRIERE RFGSSUTHe AN & POXeSET1GF CRBTTOS 8f dhgapFessuire
and an E|ﬁ§3;ic cutreat flows tq the electrolysis cell 1 fromthe power

sour ce" PN PE TERBLESRE (HINYT PYITOIERCeBRTEEF P UNEL K APFeEFBERIQF yahaut n
t he elgﬁéro Si s ﬁgl# 1. naeguenhly, héQrogen with the sane volune as the
vol une #i8rB9BNLCd %aﬂ&%ﬁ@ Rr &86h fOA8TEa ve 15 and needle valve 16 is
gener at ed, d the pressure of drogen resunes its initial pressure. 5
Si flce the vgﬂﬂﬁéﬂ5Yg%9%¥%g%ﬂv?lgﬁ?ﬁﬁgbgﬁtF r8ulRt ﬁg\ﬁﬂquﬁgéﬁQﬁﬁpﬁeEBPe

|l oW y i ncreasin re, of the needle valve 16

I 6 ] b h t
VTand TREERFRCERTE BYR, BF e RACERET e atas Lo FpREG ePt: BBO PLECHRE Ea £RL} 5
[ di at d by th 9a, t t of th
cl ot rTe QEFTERES T 1 B%i HOLE FFELOPE PEFBPaCEPh] GEREXoLo4Rg, Fhe Br&MAHE doner
i ti th trol t b i th
hi 1 oft B EEEER RS A VA R EaRRe, st e slERp {FF R R h Baing
15 d i | | W i th b
appr ot ir e o YEhIFube 'Sy FI L Be BTt lept RIS R AV A
[ ' t h I I t h
s rihpPobifa eRk HEEQhrb zeaigtanal off chy MULL O PIRE be l HRESS"
| ectr t 4 I l.y s |1 1
ctops {5 TV EE RE LRI e T aNE BT BF FAL ARofl bRekHEE FEERR Y Rttt
t t d f 1 [ I h
ot her Fn o e o R R ot okt Y. rhS, BAGK prkesliie 0°
el ect rygsse1r 884 bé MbRged WIRH Nih RSN a30WHAS Rst BOEQqulee,CtarlQlﬁbEig% ald 1
has reached its maximum) and the aperture of the needle valve 16 does not

i ncr eaggienyesBr 6f Therehtlehathpedaneagadraa agoyat tﬁ&cﬁtyq_hoﬁl‘é%éﬁ%&f‘é%
t he maxi num amount of hydrogen that can be generated fromthe hydrolysis

cald Iltxandsderes wHdeskedidre theetRieraeee 6f tHe Hi GH gYefuiife Vel
10 is maintained at a prescribed pressure, the valves 14 and 37 are open
when theaspbessurequirtletbi e Naee @asvairelprids sl Os Dol REENt b¥ the
decreased 31 in an energency, and hydrogen in the high pressure vessel 10
and oxylykoknessimbggan ¢pol rad 2oobe tilne relaacid dh\tai ottt Fonaloet hé i are
are urgently discharged. The valve 36 is open by automatically operating

t he coofrbheedimetien blifie ttief vesoseili.al Theesefore , behee dmpnalrengant anfl tixggen
i ncreases by rel ease of hydrogen . Oxygen is discharged through the needle
val ve SBryctuheatpeimips gsanuibactuhe carodjdrandl itrive ofi ghepvessailetvdss @lasko,
bal.ances the pressure of oxygen in the oxygen pool 3la of the electrolysis
pwle weerdegingsthehvesspd tpfberadvantageousuie héswmenuffpdrtogdmonbst .
oxygen at least falls within the pressure resistance of the electrolysis
cell with a TFtvag firgndr thpksshee foll lowiaen stricture pkeseifecoiveiyfioogen
Al t hough the descriptions above may give an inpression that the apertures
of theSHRERLEIRY| FBe e65fgREs38saf¢saE8Red @RaWeent flowing 15 fromthe
power source, 9. to the electrolysis cell 1 are too slowy controlled, they
are all cont?%?IEﬁeb9°%b%6nBﬂ%éFiEY Ruitdnlagezgd SyReeedretasdvisdis aeddd
IS suflic#ently high as conBared with the sgeed of variation of the natural
ener gyt St ht*€8nPY oFPRPTESF1PRA0E RHEOPRARGSLIOP PRESSNES 9F énspgpressing
Agﬁprdinﬁég _there are no problens in generating hydrogen using the system
t & geMePReFhAg hi gh pressure hydrogen according to the invention even by

i h | i d.b h | b
bonel der ed t B2 bR ARG SR ERER H Dhanp RS A i aRier ahel Ak Ui P hoge
hi gh . 2 he_.h di h i | i 2
o oPREE ALELEDS e dh ALOLA Zind b Sl UL DA SRR IS i diien WEREL £rom
[ 1 i | t fqit i . 10.
Tre ancion Cathde He R okb1oby poboRi AL s Al o Rt BaRSERT e,
17 i's QPER MWENcAMEES Ct Pah Ayt £f1 Wit §hd %o%%llleeﬁbﬁgﬁ%y electrode;
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to discharge it into a water reservoir 20 through a needl e val ve 18.

Di scharge of water stops by closing the valve 17 when the water |evel
descends to a prescribed |evel. Since hydrogen is dissolved in water

di scharged fromthe high 5 pressure vessel 10, hydrogen is also collected
i-n thegygter reservoir 20. Nitrogen with a controlled flow rate by a needle
valve 23 is supplied into the water reservoir 20 froma pipe line 24
through a fil4erpde Wk {d QL1 ScElS gefs i ob he gai reugh

filter 19. Sdln’gepth_e wat er reser voil' rc%_%‘zgégne% soﬁg%?tgg Efelr%glgl%at%e Fom
|0t NGyt Do ddihdld dddilyral? £ S BIRMKSTE proRENed 4t AlEEddier L OF RLer
reservoir 20. While feed of pure wafer into e electrolysis ce 17 Ts not
particedprly restricted, pure water is supplied into the electrolysis cel
by neans of a water feed punp 32 disposed in the electrolysis 15 pure water
tagk 31 in tAe;A0dfRN rdtiN ek B1Go SevEISped 8% k8R4 rg$es
an induction nmotor and propglleratygé &%tgy fegd.pu#b intg rgpgggpﬁﬁgyé%é
unit) anchFed aid e d e @0fo tiellle 18- A8 Idhrth el ATl dibd T TRILTRIGE 49

drawi ngs. Pure water discharged fromthe water feed punp 32 IS sent 1nto

the elegygohysha pakk wadbier 1RebRaetORLe@ oW thHie ARl owicH aPHEH 18R

pl aced in the mdway of the pure water feed pipe |ine 3. The tenperatures

of purengeirtesefpinethé oméagurehensedrfi tRE waceheabveiChangde B FEE in
measured with the thernmoneters 28a and 29a provided so as to cooperate wth

t he hetlte prédmenyee &6.a High prelsatirelgsas s and fot impaeviignRedhso a&dﬁhé&?
able to electrolyze at a desired tenperature by controlling the anpbunt o
cdO vef epresgpreedofitooila refrigerator ( not shown ) through a cool water
feed pipe line 26a using the controller. Since pure water collected in the
el ectrol ysi Wiplite puateewatenks@@ foBthesmabesiako thglbei bglgedanana eky
hydr ogen and oxygen in the electrolysis cell 1, water surface is
cont i ngeRergtadnbyoeddchrohyshe hereclstioatest 133, thendhimgh epressuresvessel
repl eni shed fromthe pure water replenishing tank 44 considering that the
vol unetegebkeoyenit mahdes conpgadypoonjetiuredptbatrwdtgrwis hstorédodt titee
vol unme of hydrogen in the high pressure vessel 10. Wil e repl eni shnment of
pur e veettonhabh@and purgentbs teored at the top half in the vessel because
15 the density of oxygen is as small as 1.429 x 10°3 g/cc at the standard
conditions (0°C and 1 atm).

However, oxygen has a density equal to the density of water at
a pressure of 700 atm from the calculation of 1/(1.429 x 10°®) = 700
with the proviso that oxygen is an ideal gas. This mean that water

«0 floats on oxygen at a pressure of higher than 700 atm, and an empirical
rule that a gas is lighter than water is not valid.

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

oxygden becomes small. In addition, durability of the float to be used

i1n the float type level meter against the pressure should be taken
18



controller, the valves 40 and 42 provi ded between the el ectrolysis pure
water tank 31 and pure water replenishing tank 41 are closed at 10 first
since the electrolysis pure water tank 31 is conmunicating with a pure

wat er storage tank 48 through a feed pipe line 5la and return pipe line
51b. Than éqﬁé\ﬁﬁf/ of ' | i 1 h % f the
ret ur-rl1i pi pe |1 nie fﬁzl;br]ne' gp%ér%ﬁjéaeﬁg:q’fglrfg%v%t gge‘lés%g?pga a?%ég&%?%r%o:} e;ih

| on- exEhangals LQWRA A +3 halkeantapphPEnklY Lshign

the return pf%e *ﬁ%e 51b ang'thenpng m§P§r§§?§?§3? Pgﬁk&&gspﬁ gﬁ%gpg?%§¥
by opey at nfgra e flnurdiercesishisddar fudtife W & pRRsTRIBIERG Wity @
resistivity meter 49a provided in the pure water replenfshing tan )

i ndi cafrPs, @4 PI LSRG " €56 ShidbbYend VRhye ctgsgd and
the punp 47 is stopped, t ere%y %nyingggﬁg gé%e%ﬁ%%érlwﬁﬁéégéﬁnéé ?gnk 44
W 5h piaree @i e¢, having a high resistivity wi thout containing any bubbles.
Then, the pure water replenishing tank 44 is pressurized by the pressure of

oxygen in thgOXNEAMINRY nile AevdidfRlEd Eﬁkrléiit ﬁe&ﬂég:s tha VL btea'%‘%a]%\]/l .

communi cating with the pure water replenishing tan openi ng the va

40 andperat@yQifier 9 MAYN P red3sus@BeRC8b1vEink €883k pRobiemUl & n'drer
repl enishing tank 44 filled with pure water, substantially no volune change

i s obsgs V@&:bauiryr@miﬁi@ézycmggéﬁeﬁt the Reehdd Forl RURIH©IndUhEghat er
in the pure water replenishing 34 tank 44 spontaneously falls down™into

the elprdsalysilsy@riégencactorankg3tobyher ankentiamd hi gh pressure oxygen in
the electrolysis pure water tank 31 enters the pure water replenishing tank

420by repl adimg imven tidrerconp Tdted ad s a¥e 4O Bdd 48bave prevedely acarisites Ng
that pure water in the pure water replenishing tank 44 has flowed into the

el ect ridy genepartd ngoh bghtpards Aire aydriolgen tbmprateng v @ledar-diass 1€idened
toits original level using the |evel neter 33. Wen the valve 43 is

cl osedlispgiedrigs auhtgbxpressure thes grir ehett al sot seagest aska 4t drage tank

di scharged 10 into the air through a filter 50, and the pressure of the
pure veiff hydrogenyecgenekatidd: etTheiselecthelushesphdili coppeisese.

Subsequently ) the valve 41 is open and pure water is cifcul ated by

act uatbaye Fechoeby 1¢ membrahesh§opugeneaadd nge pliysliagempandindccyidemi by pur e
water, thereby replenishing the electrolysis pure water tank 15 31 with
pdPe w%&%ﬁtﬁgﬁYﬁiSSPﬁcEHFQewéﬁﬂﬁ-mater storage tank 48 is conmunicating
with a water_tank 56 through a feed pipe lines 51, a punp 55 is

aut omat i cal IThepEreeRkiomenl 8@cPTAYEAeFeReFYSteh&oguaengnating gl t ank
48 is descended by replenishing pure water into the pure water replenishing
t ank RresEprentXfragetafemrEiEnngs thp: ik Pressuspesielntof tachpghe

wat er storage tank 48 by bei ng converted into pure water throu%h
pressure vessel for storing hydrogen generated and a high pressure

vessel for storing electrolysis pure water and oxygen generated. An

.J 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

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



t he i on-exchanger tower 54, filter 53 and valve 52 provided in the m dway
of a feed pipe line 51. Fig. 2 shows piping in the main part of the system
illustrating 25 an exanple of piping for enhancing cooling effects. In this
exanpl e, hydrogen generated is introduced into the outside of the high
pressyss vessel 10 through a plurality of fine tubes 2a, 2b, and so on,
branche romthe hydrogen di scharge pipe line 2 by neans of a branching

pipe | 1ne CO:Uananst AP HUGE £6F lgdlfbrarind MLDE BLODAREESRUME RSS!

10. Hydrogen is discharged adain into t essure vesse

bot t o at feesm%&efﬁéf%ﬁﬂ%@&%ﬁ%&&ﬁ%f @e;a%rmggfe?ﬂgggﬁg%ﬁgat

exchanger 25b di sposed at the mdway © e plura

[i ne PSRt v idle JIOsGAIELLOls R dOrDELL G PRECHEBLLEn 121

enhancing the pressure resistance of t p! pI ng

i ngor t 4O i [ fhed anghis 0j nt t he
hydrog%‘r;gsdi scghgggeép?%éégﬁﬁge géiggﬁb?gﬁc ggglglﬁl?% ?%reyl%rﬂ@ubée%m%? 2b, and

SO on,e fd R 1\es D @ 1Arey ws%h\aezsgﬁ% ﬁ9dro§§ﬁ%d B&g‘%& tﬁraegﬁ'tr@%&%ﬁ'

enpl oyed in the invention ) whereln thtough-hol es t penetrate the wa

of t hgyueadd &S5 weBpketite AQghi Prosubevddsels ted es?wi_ztach%g’bo {4

on, are inserted, are forned into tapered shapes from1he I nsi
hi gh pites weasyesgeval@esand the fine tubes are hernetically seal ed w thout
wel di ng by sealing 15 the tapered holes with wedge-shaped cores. The

t enper at ur e IfefeHEDE) tHOBPGtem BoE PatiePdtiNg Regh S¥EH3NYEI hgak oYet

measured with thernoneters 28b attached at the inlet side of the Tine tubes

230 2hasnal pressursocothtrbiaieeicbangepravhdedndohaidpietBie A% attached
at ' the outlet side of the fine tubes 2a, 2b, and so, fromthe heat

exchantjief f@5én t Tak gresymrrd toeaopraysnngeelow oo paldsanhdy regilstinda ot he
tenperature and flow rate of cooling water sent into the heat exchanger
25b. Cduvt ielpoktelysis beldl by alilbivied barecwaltieng thy deogeransféheedi b
pressure vessel 10 by passing cooling water through the fine tubes 25
provi csuitehime bhehvalvesuir thesw¥esselsecapniectemine idierpipe t htnes
electrolysis cell 1 and water pool 11 to be prevented fromfreezing during
t he hatomm@npeatbug Ththtpuperwater bh respeativet bighspuesshlre vesseds.
range of about 10 to 20 C, and cooling water is supplied froma cooling
Per tank Preferably, the system for generating high pressure hydrogen
has a pressure control device is provided in the pipe line
communicating with pure water filled in each high pressure vessel and
the pressure is controlled by the pressure control device having a
slider that slides depending on the differential pressure of pure water
~J in each high pressure vessel.

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 jigs 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



3G wth a punp. Cooling water may be used for cooling the electrolysis
cell 1 to a tenperature of, for exanple, 80 C or less when it generates a
heat by electrolysis of water) while serving for warm ng the cell at OC or
nore when freezing of the electrolysis cell 1 is worried 5 during the halt
peri ochyRird dién A bk 9y¥al 8ré Ydnelrated By @i EELE € i ’

wat er tfaé]k %?lnay beggupplire§ tno tahe angde s?aeaéﬁg?ﬁeé)gf%% ér)(gvl%}élgﬂggqg 1

af ter Qi debtrdiydishseieat BXEAINGET gR8ratlbg igt UiBrRigPe p! 'lt'ikge hignalso

branched into a plurality of fi'ne tubes 4a, 4b, and so on, at a branching

Pi pe | g 3ré4edisenosontalnl g WRPELEBREL1YE e 1 0ril BRIHER 1L3Blr M

as shown in Fig. 2 in order td control the tenperature of el ectrolysis

cel | lin am?vhtﬂﬁdyﬁr@eeasdnwrs&%ﬂh@eeiéeeraly_sIBeﬁP@wt%wEsae g'leﬁ:"”e
wat er as well as oxygen generated are controlled Wwth er nomet er s~an eat
exghangeth 266t usinéd Ppiee WRheErl. S supplied to the bottom of 15 the

el ectrolysis pure water tank 31 and stored there. The tenperature in

control | ed rmfefstabIP] HytrdGum Yedlchad BONE Obo DAt hEr SFEH T 1154 SiFqiHe 1.
but also for preventing pure water within the electrolysis cell 1

el ect rmiglsi presgeraavesséankodtadninti Bhet ehest4d1yHis B0 on, from
freezing. For exanple, when the atnospheric tenperature has decreased bel ow
0 C at ni ghtPreferablne thaétdoffepentiadnprebBeutenbediwedin (tHOt rfomn)
senses the tenperature decrease with the thernoneters (denotes by the marks
0 in tieesisume of) tpe tMighegrasstite véseel Hbess ¥or i Ad hy@rd geh 8AA tHY iPwes-
water within the electrolysis cell 1, electrolysis 25 pure water tank 31
adf fipressires ofathéthigmpressure vespedviot et oiriony bxgegenngndpudeowarter
pure water into the return pipe line 4 for pure water and oxygen conpri si ng
the puk® adiestédcbepoyeal pnessuardofl thel piriessuneas slstalice asfl slgeon, by
operating a high pressure punp 32, even during the halt period of the

el ect replx¥eteeerolyte3nembranet eopetituténgf theoklagtwailysiss edlils insudld y
in the range of 10 to 20 C, and cooling water is supplied froma cooling
wat er SERKE¥RBYSERORKPCOEER aTleinpreToere ngs warefemaplye conddofidredcdnyt i ng
the electrolysis cell 1 to a tenperature of 80C or less when it is 5

gener AFHS birg tthechydrogap rragsus e gninxygembrg sswr el n eanect ve blilght o
0 g or_nore when freezing of the electrolysis cell 1 is worried during the
hdPt HTE$RVES FR53818 Y Gischarging ydrpInpen Xy aen Eaepr thenyessels
plurality, of fine tubes 64a, 64b, and so on, is provided in the
electr?ﬂ%é?ﬁ BYr BT3RS ERTTARR BRreoNates) g ther ¥esmedSin the el ectrol ysis
pure water tank 31 in the invention. Consequently, the tenperature of the
electrolysis cell 1 can be nore easily controlled while efficiently

i i h trol ysi t tank 31 f f i ng.

P o B A SRR ol Ok RBENTNE teapl & of o wat er 1 eod 15 purp. driven

ith i nd i t tati I f th t t eed
35 1o the. di oo ResShrie EREERaRam, SRR e Synuatd consicagdOn |

| gct i t f | 72 d t
nator LT SRS AObE thaleySten 86! SLBLEANE A HIGH e Hefbdtne
referqm%%wa%§a{o7éhﬁeggggﬁtgPhgtation axis, the reference nuneral 75

t OT

denotes a ro which I's manufactured by integrating a lamnated iron core

conprising g d@amnafLdy ot {ihd@YESr O:ilfﬁ:ls{:fﬁ{f'iﬁgegh Qk%ﬁiewﬁ%hpiggaggn‘[ %Pe
copper coil and by coating wth a resin, the reference nhuneral denoteés a
drive $0dposd &Y EnRYnWi AE Fige %o%@i'ngogfﬁ?a:”.{[d ltﬁ)é?%%%&g o geﬁgga%\%nges

coating with a resin, the reference nunerals 76a an enot
for suppilyipsesdupé ehyar6geH ERBWNt @nt P gdrijui ng coil, the reference

nuneral 77 denotes a rotation sensing coil, the reference nuneral 77c
defotes a r @iy @ i¥CaStPesEBgBetiohNeE I & NE & dBHPMS pbla @i wi R an
denotes lead wres for the rotation sensing coil, the 3 reference

numer alredudel 6w niBtoteast anbegaimpde oft hdel HateaNERdiFingd 1P WENOtES a
nut, the reference nuneral 80 denotes a screw, and the reference nuneral 81
denotes a berirg Nt nendnes . a Thehémadivi deawifg, pfolridéda fard dedtr@tfing an
electrically insulated 5 by being coated with a resin, and are guided to

t he owamiel @bftd eurireattr i fisoduptiien walreri adnKoB8 f dvd irepnasl axfgeeb Bet tiré
current introduction termnals penetrating through the bottom 71 by being
el ect rqurfent i peuthe celleFhrohmsds fedd:punp 32 so constructed as descri bed
above starts to rotate the rotor 75 by ieeding 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
water in the electrolysis pure water tank 31 is supplied to 15 the feed

o ~ . . o o . I .



exanple of a current introduction termnal for feeding a large electric
current to the electrolysis cell 1 constituting the systemfor generating
hi gh pressure hydrogen. In the drawi ng, the reference nuneral 90 denotes a
copper conductor, the reference nuneral 90a 25 denotes an inner lead wre,

Sggd;ﬁgeéggﬁﬁﬁr%@%‘ﬁ% $iohete %‘552%5‘.‘%553%?§’%§Ft@‘?§ E.-f%%%%g{&fﬁgﬁgﬁgf
94 A i i 95
di ske P P P4 Bull e Ar R EEFON T HITHAY, Forl 12 M PR It Vb oF 5l

nuter Qe fENES °Eduar 8pPhea! BanbChaRCIRGAUIRIAL 08 denotes a press

er ence nunera enotesta SCréew, he reference nuneral 100

d t . <] I | .of th
i gh preosurct Y ac it 4 EEREAE e AR ERG BFBRIERA S5 HeadihaRg, afr
vegseﬂe£%m54é qQ Pﬁé”ﬂe@éfcﬁékgﬂkly insulated fromthe electrolysis pure
wat er vessel 31, e

ectricity can'be transferred fromthe outside to the

nside of t e ¢! GUURAhY 8 Solihfr 18'EaniGRP Bhovucll Hor eI, & UL

drawi ng provided for describing an exanp a current

term natafoie f §IERG @aggglkeghe?hhbg "0 current to the water feed punp 32

and | evel nmeter 33 constituting e system for generating high pressure

hydrogen acgeygli ng mowleai aazteﬁ%aiepc !ifafvﬁﬁgdbi'wgl’edt e g&n{g.ggf@%ﬁg”zha'

110 denotes a vessel wall of el ectrolysis™pure water 't

r ef er edgmpLERI Rltnblhe £ROQL £5r FodNTHY the' tBFYLERINWIENESrhEd! &t SUED A&
curabl e epoxy 15 resin, and the reference nuneral 112 denotes a copper wre
cqouer egall t f afh&NAIBh peakklde VBisgedonstruction permts a nunber of
electric wires to be introduced into the electrolysis pure water tank 31.
Fig 6 shows migehenst acselidih Pdc RIVGEaf shiwiles ThidbbRaral 19%8 Rk tft 1di1e

| evel neter used in the invention. In the drawing, the reference nuneral
120 despeother eranplevst thel syster!Rat gehyshtiny BLYR e dAte Bldrldten
reference nunmerals 121 and 124 denote fixing screws ) the reference nuneral
122 deamtesdingoppethai tavenvenad with an enanel coating, the reference
nunmeral 123 denotes a press board, 25 the reference nunerals 125a to 125c
denot e el ectFigleslpliat 2adpawtinhamb = sectpeal shgwahly the stwmietuteadf the
and the reference nuneral 126 denotes a brace. Since the electrical

r d9i st&hEte pentbah phessuseckbensbr 120Fdad @&:ectrode 125a of the |eve

meter 33 so constructed as descri bed above differs when the el ectrode 125a
i s subnmergedidd lddt 18 crogisneegbdonrsipowingdther strhetalrecof ode: Y2z ase
subnerged in pure water can be discrimnated fromthe el ectrode 125a not
subnerg@ive nipuFégvwaler, enabling the water surface to be deci ded whet her
it is above the water surface or under the water surface. 5 Accordingly,
the water sf¥dcel BBaleah pLdgceiedshpelingrthe strpetusenofhéhel aetleahs
125a and_  125b, between the el ectrodes 125b and 125c ) or above the

el ect rofbva2iR FignaBFing the set of electrodes to serve as a |evel neter.
Fig. 7 shows_an exanpl e of an external water feed punp powered ' 0 by
etHctricity DHovitedSi® GROFUSSId U shawine dhe SFhuctine afatde devel1,
which is, dif ergnt fg?n1the wat er feed punp 32 placed in the electrolysis
pure MBTEFTtHRKES9: Aipair of notors 128 and a pair of magnets 129 is

trically, di d relati tq. t feed ratati l.ade 127. Th

purp mai n url 198 P8 AETET e 1 8L Al PP IRR9 AT @vaF o capa i g o

- ' [ [ teel, dthe s bet th
aonetoh o0 | SEAER Eealbig, B, ShE,AvGEer iR, o P i S FHRETR e

[ t . i t hi titi Il 131 nmade of
+ hear Yasal, £oapadife AORREC RV Aaler - et her - ketone) resin (PEEK) -
T t f t 7 t 29 at
N S R A ik e T
rotatipoh @fgde;d27 floats and is fixed in the space. The blade 127 rotates
with rotation of the notor 128 . Pure water :

Fig. 14B shows a cross section of the pressure controller along

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

Fig. 15 shows a partial cross section of another example of the
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flows into bottomof the electrolysis pure water tank 31 connected 25 to
t.he rotation bl ade 127 side, while oxygen flows into the upper part of the
el ectrolysis pure water tank 31 connected to the notor 128 side. However,

t hese portions have the sane pressure since they are in the sane

el ect rptySkSroUsSn¥BsEietank, and no differential pressure is applied to
the partition plate 131. 41 - Wile pure water in the electrolysis pure

water tank 3ids 1 ¥hdwld & E:'&‘?:tal de.gisde ; lrect [ el | the
el ectric curré%t is supplied to ?ﬂb nnfors%%gapﬁfggg% gﬁg??#%gidggggsure
penet rgéhfBoiNepUgh into the nain unit of the water feed punp via current
introduction 5 termnals as shown in Fig. 4. Fig. 8 shows a schematic

drawi ng prowrfed 1f704 5085 d <Y @Qc@:’loﬁxéﬁmvﬁnﬁftﬂ STEIAAgd qndsg%ltifg‘gm‘mt
'l of t or pure

t hrough-hal e formed at the side wa ~the“high pressure vesse
watser @fldtlQé}’QEé‘ct’9§l§9|§6§1]ge|lﬂ h%;eo%a‘ﬁ'gng;o e MGIFRESe, hueral 141

denotes the side wal of the high préssure vessel 1 or pure water and

oxygen vessetigligsKiam Besalshenivlvdise Pipt Be1¥asstlw i Ehe' eg.‘é@(%trféﬁ.e\;g'fs

out side of the vessel, the reference nuneral 140 denote a pi ping,
ref er ed€®l NEF 8y . 142; dgAgtes a core, the reference nuneral 143 denotes a
ring) the reference nuneral 144 denotes a fixing screw, and the reference

15 nuneral Ipbg derotiaslvs hed€es Hff Idie ddvddith Y Purel MA@ Ydld ‘%hc?&e
descri bed above permts the core 142 to be pressed onto the side wall 141

to fitof hthei elagtidlybysceenleshoan wheFiighe 1ifi xi ng screw 144 is tightened
fromthe X-direction by holding the holder 145 of the fixing screw. The
cdfe 142 is tightened by pressing the fixing screw 144 by the high pressure
in:the vessel t~ the direction for tightening) and the pipe line is

conpl eBE$STY MGRE eBORNCARBYINGOOYR- 08 FHEWINVENTIONOre 142 is nolded into a
structure by which it is fixed by being inserted into the side wall 141 in
t he descri ptPxeferred embpdiderd scofitdrecspstgmaicrr pebkratdngae gt prads digre
fixed in the through-hole of the side wall 141 using a tapered screw, and

t he pip¥dregenidccanding tealtbe vnvienthensandlcdree deldcwibeldsini detain Fig.
8. Fig. 9 is a schematic diagram showi ng the overall constitution 42 of
anot hekexghnaftest the system for generating high pressure hydrogen
according to the invention. This systemfor generating high pressure

hydr ogen is Tagitryeption bagdcaslyhproyAd®s ian syistem andirml metiped sfera
hi gh pressure hédro en vessel 202 constructed so that an electrolysis 5

cel | 29Ane¥agin PSeN| ANG IXXFIRYAY AIFERAh@le gfarrkya kel of thingh 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.

-J 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



pressure oxygen vessel 262 for storing returned pure water and oxygen
generated, pure water pipes lines 216a and 216b through which pure water in
t he hi gh pressure hydrogen vessel 202 communicated with pure water in the
hi gh pressure oxygen vessel 262, and a differential ' O pressure sensor 253

f- [ £ [ of d [

the hig 'a%?%tsﬂsifﬂ*ﬂb%s%%%%%h%agéSff%%gg’%%‘iﬁ%?§§§&?%fﬁ%3 g Feed
| ssel ) .

or essOre e e 808, KESREno RrarBoBho ik, bR IPB Gh Pl hRFERbRA b s

Fi g. I [ | ysi I

oD 1 e S e B TR EEE AF 91, PhbRetnthE bhY Lkachhie

wat of o4 Eeheiot VERSk hd PP e Bl FLAEA M e YBLy L FOULEETVER megoranes

el ectrolysis froma power source rogen and pure water is

i N50 (el PaPlhgSeEct¥d889e8t VESEh! eABS Bkom.hyﬁheaeua@e%d}aq&g? port
203, and oxygen generated and pure water not electrolyzed are sent into the
i gh REESSLESLPAYHUL KARTLoASE WHOUABGR CoTUEPLRLRE df Rhe20feRld i

I e upp of “EheTRi'dh

is stored i n the oxygen pool 252 located at t er par
N3

Pr essUs&L DX @8RS 8l pd8é- wd PerPE i hi ghep ’
vessel 202 and r?i gh 25ppresgurerox‘ggghﬁ%slgﬁézgz arggei %géggggﬁt@éﬁ'ﬁg%&r ogen

and oxyg ForEiRicte sof ERRE kYl ad®heaPbges’ hPelyPnessrEs A ’tr{eo.ranode
exanple, 400 atm The systemis in waiting at this pressure by halting

el ect redypastiéet A0d hysdtneas tempacdmentiee shedragany s seadesd, on the
ot her hand, a valve 257 is open and a needle valve 256 °is slowy 43 -

ofién teldeerbhysliogearir vmg bydasggneleed raentt 2 Fromiehdinsr easeret bhe
pressure in the high pressure hydrogen vessel 202 is sensed with a pressure
gauge irowdgh ea catiodg byneofeandf aadanbden l@nectr.ic power to the
electrolysis cell 201 fromthe power 5 source 261 is resuned by the

i nstruction Giygerxayénetdbed (imothehanodg opmpatedent deopeiral itah avhighhe
pressure gauge 254 ( and the electric power is supplied until the pressure
Meas urpie Hsurd orepragsls AL o ajbagy et eat tonss el estoovilgsnsl puwed watelh@ ank
aperture of the needle valve 256 is further increased when the pressure as
measureld adm i gh tpre sruss ueesgaufer 234 riing exyged ) v o storiimey ehsetebliyld s
el.ectric power fromthe power source 261 until the pressure as neasured by
t B8 pruke Ma Rl dhrmwh @ pesyrint pipei inel 4 vidgethe Foetitbfa padrtogeh pure
continued by maintaining the aperture of the needle valve and the electric
pover WRERT tHEPDHbIRA ERem ¢ purf iwates eedpddauddrdods pod decsdagedyin
increasing the aperture of the needle valve , or the electric power

suppl i 2PFYR tPROboIER Ravies 2camabhchetten araaxpromidedownsbitbepupper
The differential pressure_between the pressure of oxygen stored in an
oxygerPFobl 055the ngleGETrBLESLE BUSE Wpdes&gd®h Xe high pressure GO

hydr ogen veaﬁf 202 is neasursd with a differential pressure sensor 253, an

exanmpl e of 90 W rhedhin e HB8dPAERC A5 COMPAFIMEN Qfedth®l ysis and
feed of, h Usual | t traqll t sh trol i t chi f
nd Vet VESOEA e R, plmek e S Hecd 110 BabEbosBRa DS Tt htke RReaALTS
di sch 25 disch t 245 | troll ed
That reEte P e SR LR B BRR RPN SRS W dast A" FBMevEn s gihce
i | d _whi | trollj th

P eos HERSEARER Rydroduh S kThER LR BYCEHERRLA® AlSs MR B4R e

i t i | .2 d
Pvar ored s 241 SulE &1 8RRt AT ORI I° RN 1P5RR KO Sssurei

: ! .

I R
P85t i Cilh #heynPYnife 4 3PV 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 is cooled by leading it into an

external heat exchanger 25b outside of the high pressure vessel 10
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5 oxygen in the system for generating high pressure hydrogen shown in Fig.
1. However, since the allowable pressure expected fromthe pressure

resi stance of the electrolysis cell 201 is usually about 4 atm a pressure
control mﬁth an accuracy of, for exanple as high as 1% or nore is required
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generating by the ance o pressure contro

are cqﬁﬂgggfghéc%ﬂgeepgé@rgﬁ%ﬁisp LRl ines 216a and 216b, respectively) for
comuni-cating pure water in pressure hydr ogen vessel 202 with pure
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differential pressure. 25 Acc water 1 n ressur
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t hrough the switching valve 208, when the pressure o |gh
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hi gh pressure oxygen vessel 262, and when the differentital press
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Consequently, the volume of pure water in the high pressure oxygen vessel

262 is reducthodingdidger Ol UsEhaEgedYgE6M A hRAroYssediaMa pfpe 2

i ncreased, thereby reducing the pressure in the high pressure oxygen
vessel b@fdmedi heavier edise ngo t el pwes StempépatitehtBANPERES UEAPRY-ARAGRN of
vessel 202 to maintain a differential pressure below the all owabl e pressure
resi stlayndeog&n pploseed Hat thieehighupeesbubygdvegeali Do the docdinyg erEiFdrmed
hydr ogen vessel 202 is 20L, the volune of oxygen in the high pressure
oxygerwidsdde péati ex6hdhge2i2%b, tduwlvblydregen hpdecobragtedrdlt ttie PodIuM €
of hydrogen generated is 400 atm Then, 4 cc of pure water as 1% of 0.4L of
oxypgerof |t hdgh piresisariei yespedsiQre Hxx\ygwrvelslsbe‘s AEPraogeh filoW lifittend tipe
hi gh pressure hydrogen vessel 202. Consequently, the pressure of oxygen

r educeay thydregen dslowing 140E rammnthen dydregaresdischargefpipedddgen 2, and
increases to 0,08 atm Accordingly, a differential pressure of 4.08 atm can
be ef figiagnandeddycrgducipg dhst spepificgraybty swherndhy tempegstiuty is
transfer of water with a volune of only 4 CC. Controlling the water surface
251 i M REELHT R BYe@éh#Egoﬁygéﬁcﬁeyééh Ibe edeqtiralyskpreghet at iThils
hydrogen artrcularlggat a pressure of 350 atmor nore. In this invention,

the | RRFCREIRY BERrogen cpbstesi the heat gtk e hdghypresssra vessal

?@ys poni tor the water surface 251, and pure water in the high pressure
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Therefore, it is desirable, in the construction in which the
electrolysis cell 1l is housed in the high pressure vessel 10 for storing

hydrogen, that hydrogen generated in the electrolysis cell 1 returns
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Pure water is replenished into the high pressure pure water feed tank 241
by closing the valves 238 and 239 , and by opening the valves i 0 236 and
237 . The high pressure oxygen vessel 262 is isolated by closing the val ves
238 and 239, and pure water in the pure water replenishing tank 240 is sent
i-nto t Lhgh S e F 4t 3 rou an
ion-exgﬁagggrhggﬁeﬁyé §9§%dvgg%§érB%%%?%Eziﬂﬁﬁ%%%%fkﬁ&igﬁé éﬁigr?i%Eter
neasurggdoyhg.a resistivity meter 15 235. Pure water is circulated through
t he i on-exchanger tower 233 for ion-exchange treatnent until the
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is high. The inside of the high pressure pure
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wat er repl eni shing tank 240 is placed above the high pressure pure wa

feed taskidthr1iACEed dimghy) ni EFRUFE WAIdAl 10N Wh v d
237 are closed and the valvesag 8 and 239 are open 25Egﬁé€f%%€%h§§h§ﬁ§?%g
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pure water is circulated with the punp 232 at the atnospheric pressure, ?he
punp 282ncédthewalangerti®Mgh?greskulrecvedsddlans 1L ebghiiHeld/ t BELE + 1RBCK &' €
all operated at the atnospheric 4i ," pressure. Crculation of pure water
with theepefipré@3xlis hethodatsdotapansi derea tidBele3dellan inofhel&’c?oﬂ‘@ﬁﬁr
nmeasured by the resistivity nmeter 235. 5 When a subsidiary tank having the
sdfe peffbchencg.as the high pressure pure water feed tank 241 is provided,
feed of pure water in the high pressure oxygen tank 262 is never del ayed by
al  owi ng anyThee lefctiwlydbs oeld waysbe esfific el wadddled Byhailicditarging
pressure oxygen vessel 262 serves as a material of electrolysis by belng
sent ihydrogenaensmatiedbis the €1€0trolpsdsraillyas despried abbdeE , S8 BySe
for a long period of tinme and water quality is decreased with a resistivity
of ) fEheekemperajugeNsf/ bydrogeneds, note distsilpeated| anywiveee of Siwce
el ectrolysis cell 201 nmay be poi soned and the service life of the
el ect rBY¢5pgeraay be dimgharged throrgbnétne Astwsihayling thinmedddiirakness o
occasionally replace a part of pure water with fresh pure water in order to
pr en?ftWﬂe'E/Jq@él repparegubtihdihe wad li 0f thehighepressureyyeasedsie| 6Lt
frombeing deteriorated. Pure water in the high pressure oxygen vessel 262
i's excﬁ‘aﬂgeetwi’a}n % Mt pranpreniged mnd edalgn g edfimiensy den endegate @562
to flowinto a pure water discharge tank 219 by opening the valve 218,
di schar gi ng »eFRrdheety; nhigh PressukechY8resrar gant ek generated aviktteut
reservoir ﬁ23 Qé%c&osin%%&he val ve 218 and openi ng the val ve 221, and
r epl enPSRAPHRIHNSRLEGEECOIY LS G81h Lald A GRETOSIVESpRYHFrARMeB tiwhe e watieme
of disch&rged wat er fgrn1thgphig pure water feed tank 241. For reducing
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naser ﬁéﬂcé‘@ﬂiﬂﬁrﬁhé’aéﬁécit§o§ 5quedaiq fil QW ifpg-dfigg pure water reservoir
212 by opening the valve 211 when the volune of "pure water has increased to

above the prescrs hersy @ vi@end henye! HOEh ObrbBEuRH ByWRbEEn' B3 B Fst%%zlé} S
al v

determ ned so that the pressure 15 variation caused by Opening the v

211 anshallffewicienrlyegenecatea fil ewiksntvdeLOn | € ARISKALRS 8oVl & prba dIRES
not exceed the all owabl e pressure resistance determ ned by the pressure
resi stimeention heirl pattbbysas, cCkydrdfén warmedabp! ehesepBeseotpatist k11
maxi num pressure of generated GO hydrogen in the high pressure hydrogen
vessell ZremsisiHhdtmadhess waimppsr hairtogen t3e0hddh pra@ shireciresard tilte

al l owabl e pressure of the electrolysis_gell 201 is 4 atm the pressure

vari ation 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
atm25 x 0.01 = 4 atm wth the proviso that the volunme of the pure water
reservoir is 0.2 liter (1% of the volume of the stored hydrogen). Even when
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5 electrolysis cell 201 to a desired tenperature, the reference nuneral 213
denotes an electrical resistance type |level neter, the reference nuneral
215 denotes a pure water discharge pipe |line, the reference nuneral 220
denotes an electrical resistance type |evel meter, the reference nuneral

224 d t t i | 25 d t
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denotes a filter, the reference nunera denot'es a pure
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neter, the reference nuneral 15 246 denotes an energency o0xygen Harge
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port, the reference nuneral 248 denotes a pressure gatge,
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hydr ogEn i n oxygen, the reference nuneral” 25 enot’es an ener gency
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di scharge port , and the reference nuneral notes a gas sensor

for semsi agsthargeacentoaitnen aighopteakure RYKEHIEM o Ffﬂomlnqhiesh@d%yéxﬁ'
cross section showing the structure of the differential pressure”sensor

used i dikbRarfeepipeniine shawd coilketdd dhavsBBrelinendiféd q’ffgm 'éﬁle ure
pressure sensor 253 conprises a main unit 300 which has a cyli’nder éﬁi
whose beshetndd.are sealed with bellows 306 and 307 expandable in the
| ongi tudinal direction by the pressure of the high pressure hydrogen vessel
20D or hi gh Whessen @leotgerc yeseal 1862orbdnhblkeg vupplaBai 86k theligbwer
therein; an internal nmagnetic body 50 304 provided to be freely slidable
in an aghatedPrtot the eheckoedysdst eell 1wilt khirotghnngle fcaahode NEnEYS | HEl@r
301; an external nmagnetic body 305 in close contact wwth the outer surface
of theangfiendéne3dl purepwetier dsoperdtimmuslh ¢ hectndébyneli tBgaehieddredy
304 so as to 5 be slidable; and a sensor 320 for sensing the differential
pr essuP¥Ygancanpchydrogeni t Oxygextis redlhegped | In bty @6fgen iptadl e3by of
expansi on of the bellows 306 and 307. The sensor 320 conprises a |ight
shi el dFR§ plactrglysisvabre watesopenkt Bdnwhilile hiydregesr ia coddreited bgly
. a display plate "0 316 conprising openings 317 and 318 shi el ded by the
t EHPe‘P%ﬁ%gPEﬁ%ﬁ‘ér%Ms;s%\hd% @nét sheepressuret of theotanheamd véssel
converting the transm ssion | um nous energy of the light after perneating
t hr ougRThel8¥ekPAgs 317 and 318 into electrical signals. In the
differential pressure sensor 253 shown_in Fig. 10, 15 hydrogen in the high
pressur e hydTlgﬁePF%%?éE?sZ@é QXYM anhy A eSRR Ged MHased b Rrasswre
310 through a g dr oge ipe line 312, and oxygen in the high pressure
oxygengeléggﬁl 3 %2‘3‘? :ggetEt L&RRE S ¥de PIRERIRE rat ddih &lertmolnsis murgh
ressures in_these conpartpent are
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307t KATYRE, S st d Jpits nieh RFhsToe e AN dndeRondan sy rsiidas
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through a needle valve 38 to discharge in the air 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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J1 fromthe hydrogen pressure conpartnent 310 and oxygen pressure
conpartment 311, respectively, are equal. However, when the pressure of
hydrogen 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 i r Lal .pr.essure, and the internal
rraglrcl)eti g bodyggggg??iglnlaazgg&?ggt E%goggéggaﬁggsgﬁrg BERARSFtAOm 0512 si de iy
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response to the displacenment o € 1 nternal

di spl agcemapd 13 rdrdef 1l d gt [ i 19 fixed to the_external
rrlagjrjleti ¢ body 30g°to céfygigﬂ%;%gﬁin&ﬁ‘%§‘Ii§aneFﬁElo})9§¥r4-t§1Q}ét.

Conseqdesthyrgting IrdYeh WM PhRfss 0 e opening 318 is
reduced while the :hgg nous energg%: passifr}g %)ﬂé o(tk}gﬁsi'ﬁ%' oggﬁi RgesPprie s ns

unchanpgdrogbanihhehgr B5§H" Srof sHy¥ e & ey f e hydrogen pipe line
312 is lower than the prgssﬁfe %f oxygiﬁegegé'férrg%@lﬁ% Po’i"ysg%‘%f‘bﬁg% P¥¥geni3

, on the theteaygen pasl t310f fomePeRl PHe3dTed pydpogen side is
covered with the Iight shielding plate 319 ,eaﬁﬁg?ﬁéﬁuﬁug&‘%& ﬁEr{fﬁnk 31
passi ngrehedeghtede openi ng 317 decreases. Which of the pressure of

hydr ogen sent from the hydrogen pipe 25 line 312 and the pressure of oxygen

st from t h8ingggeme prEsentandeh tiohighal reBt elNEofdibRSE&NE L) gé??;ﬁ%ﬁe
! y'p

between thenm) can be determ ned by measuring the | um nous energ

t hr ougRrefsuspdnydgegen 7ased hyitogEneeabeqe, sbhiecdi f § erant] r y
be adjusted to be zero by controlling thebgm)unt o] %?sﬁ?r%efﬁ%%%n%@
by contR®|Yokumefof exyoen ejokimdidd nth afhd Recpgey & ot AN sheesd ec%d”}ll_i/eed
243 shown in Fig. 9. Wiile the nethod for sensing the position mpt e
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the 5 description above, this neasurenent may be performed usi'ng a slide
resi stb#SS@ldiq §yrobservind the wadeaxlevaal 33@mgnel bedeedyo re AP Hrldtare
slli der, js. made to slide on the slide resistor in harmony with tHhe

di ?pl M- &S W hydregeni.nt Bycasedoxygén tiserezeasedl tHBGHGh thdade B,
thereb%/%freasuri ng the di stance of displacenent of the internal nagnetic
body J0A-VEiR- .and Athedouessuresaareosenteolled aodthhdetheePressure of
respectivela/,,shovm ng the structure of a release valve 208 or 217 used In
the sy¥T¥IR™ ALS SFHIRAY P reqwel dkawkig, Praesucecaschydrogef(8o@r s31 Eha@NMRHeS €S

a disc e port 332 provided at a cylindrical main unit of a valve 330; 15
a cyl i‘{n%"[ege%%l{’p?ﬁ\n‘ifg%s%‘% hefueasn eyviges rodl hydrogenaismt lead¥3within

interl to the cyljnder 331, the spring 333 being fixed with a screw
335 antg_ga%dlf%sn‘br%ﬂg%’%’%t%c‘és@otlb% ebeetrelyaiasceihe oprwnghfiar eeata,
connegli g P

i i 338 1o re water pipe line 216a or 216b for
al ['owi ng” pur e&\?\?a%ée‘gg? nc?ﬂtrﬂigﬁg pPEEIERe tRy B0 Ged hitddse hizdemrthamghthe
press &ﬁgyﬂg to transfer; and a ventilation port 337. The
rel ea?e val ve %qﬁ%‘ﬁggare provided so as to adjust the pressing

strengt h of | turning a screw_head 334 by | oosening the
fixing nut ?‘%%% %g{lésgg:u%% I;b/gs t%ér}b‘{/‘???l%%? and g¥¥YAER rsagh BesPestivessure

of purRewRiran t he .connection, pipe line 338 is | ocated
above pte:r?e cfl61 sbcéh%raggggghg ‘3339»?8%%% tté:r? e&saﬂﬁpgaﬁég@&lyrﬁwﬁs Ehenetecbripi pe

i eh ' L.sgh t .33 i.th desired
orossire ¢ s pr eooor oo Her BoBERg'3) P8 s1attaivG &y ceid felang

125 i s edled@ rioqssiiy & d e ey - EX] nut 336 so that setting is
not changed. The cyli nderﬂg%l s%tat%ég?sé{eaéggﬁﬁ\%ﬁ?dlWrFﬁéecontract of

the spring 883 phesseras df hgaeplesal aﬂ&%%é}%e%big]p{}%%gliijﬂegggggegr essure in

t he at nosphere acconmpdating the main unit fieessel

hi ghed Ot And 6Xpgpnepsole3 i, PtESpd@E Bhe 1P, tHEN i | pe | ne 338
When the pressure of pure wat EI’@?I’] t he cghnectfgﬁﬂgggeg'?icg%g < Y Rer
i ncr eased lwanes leoreirafl ddiewiall indebradr£X58LES Wy € e discharge
port 332 to allow pure water in the coﬁ%ecti on pi plg'q.f :tﬁ\eé é’égé?%rboreessure

di schar §¢8tiroinigherdi soitarte @NIff&33eh t Da LORSLESRAL! MewgggeokE}geRf apa'l e
in the connection pipe |ine 338. Wen the discharge port 3 IsTrornmedinto
an inverse triangle ) the anmount of pl%se wat er di scharged is reduced when
the differential pressure is large while it is increased when the
differential pressure is small, serving for pronptly alleviate the
differential pressure. 15 Fig. 12 is a cross section of the level neter
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25 In the drawing) the reference nuneral 352 denotes the surface of pure
water:; the reference nunerals 353a and 353b denote ventilation hole; the
ref erence nuneral s 354a and 345b denote attachment nenbers of the external
el ectrodes 350b and 351b, respectively; the reference nunerals 355a and

3500) PREReLT vaf YORF RO THEPEAE Medt BuRHI Bhe Preafull i SEIRratP RN Bt <.

th 35% d X L i th
oxtor ey COTELIBIE St © Medbiyiivdly (0 i 80P LA ST pREaBLERC Relhddlt ,
denot eghéry it £ 66 RN ot IS 1015 thiaf e 8L RAGR 1WRNA! § 3533 %p%eﬁgegsqwt e

nuts for fixing the fixing jigs 357a and 357b, respectively erence

) . . f I
nuner a6t AP0 RNEnS6PRr HepebA maﬁgkahbnqaphah%an@gl%@gggj Akl el

36l1la and 361b denote washers; the reference nuneral denot e

| egd véI&Strddes '&x @mpqmrasmigl g@ﬁ%ﬁ@%ﬂ%@?@%ﬁﬁ%&& ¥t he Wi hode

reference 'O nunerals 364a and 3 I Xing the centra

el ect rastasaBbién 8Ndn 36RE; e POt EHEy L EE CEENECT nHHErébﬁti‘g?iehotgg%%Sg%%ﬁt e

o-rings. Wien the central electrode 350a and external ectro

| evel trd piredsVreoresnstatekest anedRenbiLRe , ARWEs ®e SHPFEMIRI pahltQ Y E

wat er, the resistance Rmof pure water filling between the 15 central

el ect rmelsb2hde pednext BroREnckeehr ade 13afkb oFamylde JHaAs Wikl dyygoRNecting an
electric resistance neter between the lead wire 362a and the ‘ground. The

resi stance Rhdagiarentide mémboiné heagehappenet 6CbeoBeoRkaah 6@@:5?%:\&! tdyout
being covered with the insulating cylinder 368 and GO t he externa

elfct ridue B5db membée ofathe eelléytreigsisngelhelemagt happenr €9 HeaMi®ken
between the | ead wire 362b and the ground. The length of the tip portion of
t he cefer slerdiadot redsodSla Howeverer Hie wrds i ofsokggengeay Hendan aeed S
defined as Lr, and each length of the central el ectrode 350a and external
el ect rwiith 3800 Peessunergfdhydrpger bmt permnsttihgnadsmallxvolaie ofX pure
determ ned by the follow ng equation; Lx = Lr(R/Rm (1) The equation (1)
above WHEAE imgthe heleetrdlysishpuser vaterotapkr 81whbef 1892 intoddher Mingd
by cal culating Lx. 55 Wiile the resistivity of pure water is about 18
VB2/ crRT@ISYRR rAsel 1. e cponestdngnhethethe punerwater deedasige diline
ti,ne as the concentration of ions are increased by dissolving the wall of

t A8 pu? enhraturas adive Ldney dr connerted| tpythewkeat rolystermsel bl dur e e
5 water |evel irrespective_of the tine dependent changes of rests tivity of
pure waektomQf,the; aiectrelysdscorreHatPhyandkaddni aRd Y contaw klhn qddwes
such as hydrogen_and oxygen is electric insulators ) the electrical

resi st B RE PR thier ex3¥628 RAALt Btagkebrl 8 diddile kilghem thamy

t he el e}(l:tri cal resi]s:tan e of pure
the pressure of hydrogen in the high pressure vessel 10. Consequently,

excess pure water is prevented from flowing into the high pressure
40 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 conditions 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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i O water in which the central electrode 350a and external electrode 350b
are di pped, and the effect of the electrical resistance of oxygen or
hydrogen may be ignored. Since all the materials as well as the central

el ectrode 350a and external electrode 350b have excellent pressure

resi ste3ADdibnl hSbd Hapsengnd characteristic the level meter 250 may be
used with no limtations of pressure as in the conventional float type

| evel meter.rndl HBgeapkiongaaBblal aroloffie vahad WALR MBYMAE CPEERIGT VRIS

el ectrolysis when an electricity is appli'ed between t ectrodes

envi r YERRkern 19hh68 MainPaPheaSUrEs@XYIEN fndhdwmdy Qﬁ‘%”gsfﬂrﬁgtoft el E%rwer

t hese probl ens can be avoi ded by pul se neasurenent’s or ating t

cent r o (kedesar@PdoR e SakatyapeXheinal MECIHISL IA0MaAl? adt e
with a precious netal such as titaniumor platinumthat i1s resistant to
COB I 09O BenlditRicEsSs, HAELI4 her 1 £C1 | i b1 2ons@ShPIRESE1 Re bet veqnde

| ead wire 364a and the ground is neasured as the resistivity of pure wat'er,

t he nEamdtrbn@lifeddntee yuserkf €heten thd 1 Iér Eoa s@dtdh Bbnfrnlil 81WRIE! 1 d OF
determ ning the frequency of exchange of pure water in the high pressure

vesselcufrgnt omabioraidd @618yel6dnd>bperkitdonldrstRESganat-aen o ayten?f
the system for generating high pressure hydrogen according to the

i nventistopised! tstemsybe Ssa£éty201 is designed so as to be acconmodat ed
in a hydrogen atnosphere generated in the high pressure hydrogen vessel 202
as in the sysidamayepmdtieottblay, Beeakahedof\Wihkeel 868tE¥3IYE8ANsALEA 1CAMRENTRS:
the high pressure oxygen vessel 262 for storing pure water to be

ell@ct happead byr atul eadt pprevent Eng asxh boybem gamrssdibad mixinep 6F hyasoyen
pressure controller 270 in place of the differential pressure sensor 253 ,
and t lendlioxygemye val ves 208 and 217 are onmitted therefrom 'O The pressure
controller 270 functions for alleviating the differential pressure by

al | owi ng pursdnge eridigtaesh axrgdn gndriepdrreenxdgent o esseabfé2maid stiagle
pressure hydrogen vessel 202 to nove fromthe having a higher pressure to
t he vessthepleetralysheceldleds whighdsda develendtfdetentable meabmogmal
between them 15 When the pressure in the high pressure oxygen vessel 262
becongy mapdéprimghthecyrrentypad volkaghiofh theegent soherogean s sein szah,
pi%e wat er in high pressure oxygen vessel 262 flows into the pressure

cont r STiEY Sy ex¥gRP t hEaraduces| LAd andpar Bydxogen $nsusiduireracklbo and
hi gh pressure hydrogen vessel 202 fromthe pressure controller 20 270.
ConsefR&Ha{ton RE the dydrolysis eehi dif BresBtlE shaRRefd ve Tharefgpre s high
reduced as the_vol une of gure wat er decreases with an increase of the

vol un@TFSSHeE B¥AFOebErasdredaber i Ihalng hydrogencas afh eneRgy seurce
hydr ogen vessel _202 increases as the volune of pure water is increased,
there%V"bJ TS 9?@9ﬁ?$?§rential pressure. 25 The pressure controller

the val ve 2eins ECE e60ab et IR SR T rBE LG n e A Srada g de 11he”

%Qsiﬂ?ﬁfe%%ereﬁ%ﬁ%%é#gﬁiﬁZééﬁ%@é SHHEn VRS ERETELEE LA HRE ﬁiﬁLd
. - . 245 |

o QORERY oo AFEIAANY AOVUIR IOE0-ENEIALAe o i, SRS

press faﬁfa i ige%?ggB%ggncgﬁhrBgrhg%ihgg.annunt of hydrogen generated

fromthe hydrolysls ce SO at the pressure of hydrogen 5 is

mai ntai ned 3ineh H&Q?.Byelﬂe:gs lﬁrspeﬁs,ufﬁe%l%&%%éf%%&'%oa‘gﬂgq{'ge'l ressure
electricity supplied fromthe power source 261 to the el ectrolysPECEEN

201, thaesdeet hpsl {9roper! BYI 8B e t I SRR e; wat er
fromthe high pressuée oxggggégggggp Eg% %?gﬁ%iﬂ%%ﬁ%nruxjﬁgﬂib schﬁ%ging
pR5e \WErifrdITéR tde tHaah BB BIGR0YLtY BYS 8l 1482 186° thR apaFR A% E0SE
described in the systemin Fig. 9) descriptions tﬁereof are omtted. Fig
14A shows rieg®ld i wA1¢&£086.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 Tirrqrsasidecedsolihethe M gloppessaselde8saRiT0 U ima8aA:iak elife
pressure controller having a hollow cylinder 370 nade of a non-magnetic

mat er isEnsgedrby ntlex mate ssudergdide s39wlj ngndnas!| esectpntactirvehl Fhewsnrer
surface of the hollow cylinder 370 and made of a magnetic nmaterial, and an
ext er rdle slliedhr@ifsist ickildg 1i Airomnthet poweh $dereat®nmalers thfeacondfrdiher
hol | ow cyl i nder 370 and nade of a nagngéic 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 is introduced into one half of
t he hollow cylinder 370 partitioned by the internal slider 371, and pure
water 385 in the high pressure oxygen vessel 262 is introduced into the

. o S NS



- vessel 202 is equal to the pressure in the high pressure oxygen vessel
262 and no differential pressure is generated between the vessels, the
internal slider 371 is set to position at the center of the hollow cylinder
370. 5 Accordingly, when the pressure in the high pressure oxygen vessel

(pur coar et ROFLek) 28, bRE-R EYRLRE 0N duat bl st e o B B e o o

( pure water ressure oxygen 1M -ow

o esouren ey gent vee dBrdbRien oite e fot € YRRALRLRES Y Ful? o P Yammea
1 ow i 615 FRESRATEWRdT HE vaB L ot Hectll BN 800 difigalfiade 4t
vossel DR TRFSER PRoRRarauRn B85kt IR} FEREFISE AT ol ati no the
qus 1o the reced o VTR L IHRRIGAT el frlle S o B B VRLER 585
from (he croeate GLad s FLrRertadrP oY, GLOV19) TRCPRERAN, Tral ool el et
oS 1 o g, JRLYSTES, Y B RreSpuel e ot TR SHHer
openi ng 3800 Eher ehg T one: T Ree ey bR aBa by the ReEPHE TR T

openi rgn@&he HdELt DFetHe LAGidtH AOErrEATIHL Wiy ERr8aEHBINe @ dis-diRfEi Hal
25 slider 371 are determ ned by conparing the | um nous energy perneat’i ng

t Aidougbe1hel Gren Bhe3Gwat tdbditee JUThEPEEsEBEh P o REFAIEA Y thd Rbaual ther |
opening 379, the aperture of the needle valve 243 is controlled with the
contr otherebynoésahong theo inAdtialheresstizeal slider 371 returns to the
original central position by conmparing the transm ssion 59 | um nous
energy of tHéhbbenig V@S Oif hipgdroganspreiahesd tRreays €REIEY19é 1¥Haina
openi ng 379. The positional sensor 400 far conparing the |um nous energy of
the pressdle walve dld drs graduad liyhénsaeasednbyr kieéphngatide fpines & @he St dbe
those of the sensor 320 of the differential pressure sensor 253. The vol une
of oxyaeprokivatedpdconstanhe bhggeresisscdaigss port ¥ herre loetaeadd adrdry
controlling the aperture of the needl e valve 243 so that the internal
s|liSderbB7Ancreryingtthe anexture aft thle peediieovaivediécwhémdtladamount of
Therefore, high pressure hydrogen can be 0 generated w thout applying a

di f f erkydregenr eonauseto reashelse dheolaywiuntcaifi IRGIrogérengeheraptedsurksia

t he high pressure hydrogen vessel 202 remains to be higher than the
pressu¥Fesuhty h@lﬁigﬁﬁ@t@%@@@rm@‘geﬂwmgl fren)thedaver Boptee cherd tife
the internal slider 371 cannot 15 be stopped even after the control as
descr i prAChPelESieheeilpt &r §AODS| t@ednTrEafe . kes the spring 383. Since the
internal slider 371 cannot npve any nore w thout pressing the spring 371,
no restri cti®¥en IhapRoNa torf hEATRARMSAN symad exrredsntne dragigpumg AmoyY |
th% intgrna slider, 371 cones to this position. Therefore, substantially no
L&Y fPe T Qe Ay qan beygrerads ditrrAgthai RYdEPiBais eatdel, amdiia he

e Y 5 e BAAEE e RRE e aetd S F b aqd (A
o1 i dor 6L eBRETE, SSRRERYS Fa0TIREL S [The (pRth P99 40 | EopFBo! ded, t he
vesse o SRS FETETE SriE T aldN meldhbd Heimarebtfi. cofd, BhS Deteriowy the
7 ey V08§ | LRSS BT of LR, HERARLIR HIS emancia
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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60 Permtting pure water in the high pressure hydrogen vessel 202 to
directly flowinto the high pressure oxygen vessel 262 through the by-pass
fl ow passageway 374 indicate that some abnormal states have energed to make
it inpossible to control the operation of the system5 only by controlling

t.he apgrture of the need E al ve 243 Q¥ ﬁhe controller (not. shown).

rcor diha Emerabfigy s amd ByRaeders 18 4 S R
di sch I 247 8 i t int

Cbor ok E¥4 48To&APRRY SHE BhveRel sttt ol <IE HT S At eh tank 54 Rrsos

is sh j e valves ' 0 except the valve 258 are cl osed, and
genera.fgg»g%yﬂéggggé%géﬁd oxygen fromthe hydrolysis cell 201 is halted in

iZPI u\é\,f;pgtrgr;éréigep,g-ei N or%éerip%:(;qtsa?ﬁpyg%?o&%ﬁ%gﬁﬁéi@;ﬂfdﬁﬁiwq?m
el ectr _o?y5| s ce‘ﬂD Zrb‘id%or%rﬁ bei nd’cgger o&en&%y su’feq 2 G rﬁjm Qeg'?%%_@b?evalve
and saob ozb  FaRt PRAM P E8bEL 0F nb8xahln' 16 ShEPRELH Brchstidl WeRRR T I TRy

cpr i ng” S ST Ene RYPRRFRIRKIERVECh dn Hh Tobd b D1 8L ARTERY, Lo

spring 383 ternal slider to fa wa pressure

resi stanegt 8b1y8es9hecd halves 510644 2%k t%%ff@réﬁdfgf ﬁfdgét 0 dYd en

cyl i nder 370 except vol unme of the 25 slider 371 i's ad] uste e equa

t he Oxﬂﬂ@f‘o?@mar?@?o}iy‘béxh%thhgﬁsm Eﬁi!ﬂé%Y@ﬁfﬁ't@@%r%% ddifi stance of

differential pressure may be alleviated before operating e energency

shut - ofhe "®TOSDEE Iy skE08e111nitAdalfith¥W RAGhbel peeasSaraetld Oy ddn than
different pressure controllers 270. The pressure controller 270"shown I n

these thewph@sstite oEORpPHErsgena pure water pipe line 413 in parallel to the
pressure controller 270 with an intermedi ate shut-off valve 420, and

swi tches 411ARtioddR the-deswirtiphiings BBoval Mgy Jive Aa DREEEHECCRONLS P! #168L
270, the internal slider 371 permits 5 the cut-off valve 420 to open by

neans apetheresidf e Adbdiaedvdlleatldaind asdand wWiesctiec ddfwienifiladwing
pressure is increased beyond the controllable I evel by the displacenent of
t i i nfremathel pdwerl3gbuace Bheo rher rdlectraleyrs i lcebBlisEsatdet6pr Rgwig3
to contract. For exanple, pure water in the high pressure hydrogen vessel
202 i scentoodletio thegcake aldwcontuoofliedhbyhapcempurte roaigean hiegs elpeal.

t hrough the pure water pipe line 413 so that the differential pressure does
not i ngiraedhehgontaopraneed dedspiticlent1Filg.ghldsiconpared witdctherspeed
showi ng the structure and attachnent of the electrolysis cell used in the
syst enf50pHAt IpmeEfhegatugalieneraess die agutogdhencan ¢haget bhe lmhange

i nventi on.
of the natural energy. Accordingly, there are no problems in

<) 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 is 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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The electrolysis cell 503 that is a double polarity nulti-layered type

el ectrolysis cell is housed in the high pressure hydrogen vessel 502 in the
vertical direction. As is evident in Fig. 17 , the electrolysis cell 503
conprises , between a di sk-shaped nmain cathode 504 and nmai n anode 505 , a
pl ural tbyaPéchhpge sPapgrt P ¥akedt rabul | | 3540

catal yst | ayers gn both faces thereo%, gﬁgﬁgggfﬂﬁg??gg %ﬁygﬁgﬁ é?é%gégbg'

po a1 h1aehesbeoe St BHROhyAc 1065 ST T ATLRE S Loy

interposition of a division wa ween oppos

511 i ngiheeyakt ikeal ggggg&i%@d'ﬂ§%%?ﬁnnrolysis cell is nounted on a
nmounti ng table 517 provideé’in the high pressure hydrogen vessel 502, and

the main anogens@nydr6eR’ £858ebd0Lide HOWHALH 4 ddhar GORTEESA! el hYoR2S

conpressed with a spring nenber 519. The conpression j1g conpri's

cYl5 ndpieabuiiei esdel 1L3nGArocl 18%]dd ddersbh LRCLALSPALOE A S L8LL -

503, a spring nenber 519 aftached in the main unit |1°g,
press sotewbefoféeni WotRNg 8BHte8EYRad £l he ‘ﬂé-t R SRt fe VeSPeL 392 5§
S 0

0
as to energize the spring nenber 519. While one e conpressio~ijig
is showippDi8aFigtol thkOwaktBe ¢@BERRIARCS 0O rio WSiHidd Aund 4 “Er?i—b%én%
the conpression jigs are symetrically arranged to evenly conpress t

el ectroiyses 22l |ah@3n1itbogyRris tdischLE§EQ! Vi5tS €i8d | a PR HBYuER &Q@g%@é%ed
by a hydraulic pressure except conpression by the spring nmenber. '~ e

el ectrobysisSinet |tidJdted aemdvpil A¥ dakidted BbUaS! tEYoOf1iAOUNL €3 From
polarity el ectrodes 507 . A discharge passageway A of oxygen and pure water
i st(pr othdedibybfothengipeereadi, onibebesgand sz e n@iedd nfiid efepsetrb
each double polarity el ectrode 507 so as to communicate the holes with each
ot her wateheresetrvodlr @ior.ecti on. 15 Discharge ports 512 of oxygen and pure
water are fornmed at the anode side of each double polarity el ectrode 507 to
face the gasWdiiehfiegd pfispugewaptAr andoothecelgetarodived arck PUrE 18t R6t
not electrolyzed are discharged to the outside of the high pressure vessel
502 t hpau§hcuhardyscestygicpedt Mk watpgehs awbpiuireal watter tile slharipolysis
passageway A and oxygen di scharge pipe line 542. A hydrogen and pure water
di schafg&lpblt meansi 9ff ar waierofieele pumpe 3 2hddgpoised Ha rtadi &lektrselysnsi n
order to directly discharge hydrogen generated fromthe cat hode and
peheaPhRg paterndeak i34t dn Hdeniembasiiarent eshewrein Rigurd.water feed
passageway B is forned at the center of the 25 electrolysis cell 503 for

f eedi ng el ecTRBMALer fare RWRR: B 2tGATRIGHS % Ak dupt hon o tRusand\wr ape hier
formed at the center of each double polarity electrode 507 so as to
comunF¥Ree¥AteR £ BURBr integrates dnda ogier aaditon anthide taikles vithereédted
passagexgi E iﬁpconnected to a pure water feed pipe line 547 for feeding
pure Wi PofPErE158d hehiedndd tHT (Hethi BRE$FeRSer BOVEE3WANGE2, and pure

water is supplied to th rous el ectrode 511 through pure water feed ports
508a forned Pth‘éaBﬁBO‘ii%i: 5?%30‘%?&’&&1‘%"‘[4?%5 QulR; 42 igegent into

DL IS o PechrRilral KBLINE PRt SRHDLRatted Jat daf Tns ‘SAnanens
e £ha BAPdERC A shes i) 35 'L FrE WRERE £8Rg' BiBgl tinena™ 1
Che’ por yel ecrhd) PeioeblBudes U bl T D IRINE Ve B el dnm trom
el e SRR 14 38R 0 U IR PRRS Y S50 anc 200
pol yel ﬁebwh];aesae%r e &q@éﬁwmiwwsﬂ?& JEf Q:Ycﬁgﬁhxknesén FEEESS

conpr essi on i arder than the 15

orce. This seal nenber 524 is thinner an

p@syel gLbEOk¥l¢sHRTBERANE 1586, daRd gned YR it e éﬂl@_ﬂéﬁiél%ﬁcﬁxﬁxﬁieé alt

such as a plastic being excellent in electrical insulation.
rel at i aradeive® k einpe rativdeBe Tt t H4TEL DO eLshbAh Y I SE @%mr@aeeé%ﬁﬂé@e
a

t hi ckness of the seal nmenber 524 should be appropriate for attaining se

char acfeomsai cefyigéradorben6onshowiy ENrehgHPh Ndod NewPEdyY o €£4 'PIpd € ine
nmenbr ane 506 and seal nenber 524 Wth

26a using the controller.

Since pure water collected in the electrolysis pure water tank
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the doubl e polarity el ectrodes 507, and by neasuring electric resistance
after conpressing under a prescribed pressure. Wen the seal

characteristics have been decided to be inappropriate) the conbination of
t he pol yel ectrol yte nmenbrane 506 25 and seal nenber 524 is changed, or a

seal mafefsakonbtifed B{r%@in??&&&@ﬁﬁés&& sRt6Chedrbgem bhe Wﬁiétn fo?' the

nmenbers 524 each having a different thickness, in order to se

conbi n@téebryiybidese 1Bl ewatestdirPdcd 9% sbABERuOUE 1ySmBAELE R
provi de an annul ar seal nenber aroundcthe 64 pg?nea??%n holgg?dgiiﬂ the

const i 1évéDomeherpase maepu&eedam@&sagewl%di%ﬂé@rﬂﬂ&nS@ﬁéiPare wate
performance between the pure water feed passageway B and the electrode. For

preventepyehlishpabyehakt aal yoastashiage 2 atk WeLsheess Soffgbhe 15€dhe
menber 524 from being crushed by the weight of the double polarity

el éct roxpgéi7podl 3ka dasiprelfledably edithiel 48hef B0 Dimé 'or [1AparSGEH in
doubl e polarity electrodes 507 , and to dispose a plurality of 1am nated

el ect rthleshaghaprassate. véagelnilw.cat hode 504 may be in electrical
continuity with the high pressure hydrogen vessel 502 by allowing it to
contact the Whibéi ngplaehishhért afidpuite maiteranededdrdByedewi fEukaked
fromthe high pressure hydrogen vessel 502. Wen the high pressure hydrogen
vessel cé02rodleonntbeedalveshé0gandnd2( pnovidbavbelweenhe haRiel exihorps 594
is grounded while the main anode 505 is insulated fromthe ground 15

pot entbure Waherotmrk |34, aad puret vatepomeplesishpphi tdnkodl herel etoselysts
cell 503 by connecting a power source between a current introduction

t d0ni nbirsk minee tthe gloghtolPgis pmarewatesdank 8d s @wonnmhen poatingtet th
feed pipe line 547 through each pure water feed port 508a provided at the
anode ®rPeeRtREeRittPrane fank @H Ehrpush pofeed pipehbiperbla andatetosen
511, when an electric power necessary for electrolysis of water is supplied
to theP#BenlAdR8d@1Prom the current introduction termnal 527 t hrough t he

|l ead wire 532 . Oxygen generated by electrolysis of pure water, and pure
wat er not el EReRol thedvalee cbl et ifires P dingm Tl and dhatealve 43

di scharge passageway A having 25 the plural perneation holes 509 through
each d? cﬁgﬁggegBFP Bipe lipg PiPuRRe PBeB. hRBH PHESsHAL eFedselcimmilatedn)

far. storin i gh pressure oxygen through the oxygen discharge pipe |ine
545 L EAFOTER HBnSPiuchaRCHE. Coioad bandh fk Whak o o FROWRVEP. WAGer
ssel 502 fromthe 6

i schafRIBETPRLHE" taRl 48, mbBeoFobuED \BARS e SR AYAAERE RRZEpHAL T
Shown) & E55 A6 aeh 45 Uy Hi% RelRf 5 pPateR ipSve st 832 | HIeR BRRIAKINT M a
possi po PEFE HREE: RE MRRFEF el viPR A8 are Tav g Mo bt wed o
the Seoié pind Aatbs JEHEEln 00 call'uh I dldd Ll s iPel Foaliuii it
b s burhE FALTERUAE SRTUS e Mg sthd Hift gl UF ¥ W 0BadE Wby
Che-di Fratong) 4fie BaRerbatay! foblepinindy (BngS T SINES Pire varqE 4R dg
the prgsgygR £88iataNseyOl1theud! Ot Sing %{%r%ggméé'. order to protect

the 15 polyel ectrol yte menbrane 506 from b€l ng n, and in order to

prevent OXygeReh| QfRd palfe@atBEOrdpiEe i SH1REOSHWE A4/ €8 Parite al
menber 524, even mheng?he hydroge#bpressureépooled in fﬁeehigﬁ prgg%€?%§§

vesselpb@2stipe oEcerggdnt it phassiygencposhanta ofF the etllot g sild
a di sassenbl ed perspective view of the electrolysis cell 503 shown in Fig.

125 Theateectawk yEi Tomiiunizdt ik ¢atposhe phrehea tebh Wil dol yiel 8§t DM i,
menbranes 506 , the plural annul ar sheets of seal nenbers 524 provided at
the outpenthgcthtevalvesoiot hadpaizyel Hotveokyt, e sty aee gai EoMFodni &l s
annul ar doubl e polarity el ectrodes 507 having the sane dianeter with each
ot her .pfiteent jpolthel pere otattes mepleaishi mehhnkend il ladivioHbheroalatidd y

el ectrodes are lamnated in the vertical direction between the main cathode
504 andub@tanbhadéysns. valunecbhaggepdst obserired wiitbhaegildgiblegehanges
generated and pure water not electrolyzed out of the high pressure vessel
502 i PPt BEASANrehe Bhoreferee mireweh erehibdhe nnye 86 temn répdemirsyd il e
510 for directly dischargi ng hydrogen ggnerated and perneated pure water
into the high pressure vessel 502 is provided at the cathode side of each
menber .



A perneation hole 508 for formng the pure water feed passageway 5 B for
f.,eeding electrolysis pure water is provided at the center of each nenber
except the main anode 505, and a pure water feed port 508a for feeding pure
water to the anode is fornmed within each double polarity el ectrode 507. A

seal neshR’4H8pAntAResABIyEallE dotiMiARb ©le BRBRYA £p (869, Pas y
f eed to He ho?e, and an

B, a hole and a pure water feed port 'O 508a connecte

oxygen3a e Wt eAndirsK i 4Bl
DpLICII By BeEG 1N Shndublif DU SBOE Sifaf DAY OEHRLol 8 8 WkiFer

pol ari t¥nr| BLtdeerSAhd puedhtb® HisE8ALIR1 RYIF RN, JHGT
cat hode and per neat ed pu?e wat er intoﬁthe highgpressure esséfﬂT%héggsure
Accor divagey,. as is evident fromFig. 18, pure water supplied fromthe pure
wat er feed passageway B fornmed at the center of the main cathode 504 is

deldi vered torrechaDesouso eiettdndardbliotled by 20988 ey iR LW e

water feed port 508a. Oxygen generated at the anode GO and pure water no
el ect r bh\tadphirewmtiar eephenaxygedy task Rar B8s FAHAALVAY o Lhé %'I'etch:‘i*d).@’&ﬁg
of” the

and pure water discharge port 512, and is retrieved to the outside

hi gh ppesewateessank TR, HEndwaatt kheowsger tevehasss wadordtendd2o its
Hydr ogen generated at the cathode and perneated pure water is directly

di schaogegdihalalével isghgotheslsve L metisel . S50fnéh athd R 1R 80EH AL SWr e
wat er di scharge port 510. The porous el ectrode 511 conprises a titani um
mesh) hihghbptéssure f@cggen hiar able putel waedrt Ordh&gh NP&hx g |ié3fditéaﬁlé}5{¥% e
polarity el ectrode 507 by wel ding. The surfaces of the nesh for contacting
t H® polgtbethe ;i ¢hmvglare £306 erabongahlietpe apresisusat 6f yitte e drfder
on both surfaces are finished as a snooth surface by polishing, and

conpri 8kerageatbBok ddaresyrhis| rooddbes iatawh dpheiGR Prsssudepositi on on the
surface thereof . Each nenber constituting the electrolysis cell 503 in
Fig. 18 5 haSubssauenhivg theowrdyead H¢ apen amdepurerwatéerisned rion Idwed
axial direction in order to facilitate assenbling of the nenbers. Fig. 19

i |1 ustPRtaet@ating the mump &7 Bor E1hat the spypre iwaten neplemsteing tdrk 44
electrolgsis cell. The arrows in the drawi ng show pure water streans . Pure
wat er YitBupHie wateroherehyrephendshiaaithe 2 lpakeelyels Buneowatied tank he
c%%ter to the pure water feed port 508a, and flows toward the inner
cilfcunfirBhtR RHFE WAteRea@8d®i-e polarity el ectrode 507 by being spread
with an angle of 360 . The streans are tapered, and pure water flows into

the oxygen dPLRR&rbRepRUEE ERGT ASEBRBEESEARK: A8 B&r FEBMUSY Cadlieg B0Th a
syrmec LS AR ik, BeroBEh s Hanaihent TApHI S balh PRFP A8k aptgmas tard Ly
t .
:§2?§n5 nd geahog of hhe i ven&ion for nerating _hydrogen, high pressure
hydr ogZReT 234G ¥4ehst ?dWSSSH EVEL, 8 ggeaHuEﬁegG}eﬁhf%&§§%ﬂ ankyhferisft ed
ith i , b ted b [
fr equeselSeie b b A VHE BREe (R BER IBN SR he FotE v (4 By SPerahing ng
the i i t | t. effect § ti
i) rob ek, AL, R LR YR o e B an SRR ERFLLE sPRtled (o e
i i : t . , .
cul furPees del of SRRLLARR 4B hy MR B8 artk Luh B re ofp B FREsliph
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when nre@sapr ¥ AndekRephpyentih@n sgan exert an 15 excellent effect in that
el ectricity obtained fromnatural energies , by hydrolysis of pure water,

may be efficiegt |y shomeepipingnif e haGN pas taos! seﬂ'ﬁf ’ i
conveni ent fo?gtransportﬁaﬁdngtorage . No gaufioﬁ1?ggnee éﬂyﬁﬁgﬁs?§§%§€¥pto

pRé&ssuae éramplanee pipRhY iFoielehnandisRplcombey ofrddesel ectrolysis cell.
D sassenbl i ng and mal nt enance works of a gas conpressor are rel eased and
con~: am nat i bm tihifydxagplhel, Shglirogeal @@ner@itREE 10 GASCEONFEESSHPFo | Sheélsed
in the system Accordingly) decrease of the output power generated by
convereuhgidgdotgthei nighepeessicet yensienglohenbbighual paeldal iwgi o ifSne
caused by poisoning of the electrode due to inpurities in hydrogen and 25
shor t emipgs o2at hzbseandceol ofig btahbkredefromneliebhyparevent adsthage pipe
occurring. Mreover, the hydrogen vessel is possible to be snall-sized

si nce Winle ¢yby neansnpf esbrdnohdag pibeghipe ek dispoised abytiesalypgeirgphke
probl ens of reducing the space for the passenger cabi n caused by | oadi ng

t he hydrogen vessel as a fuel tank of 3 fuel



69 cell car and shortening of the cruising distance to be sol ved.
Accordi ngly, construction of a hydrogen station becones effective. Since
the electrolysis cell is constructed so that it is housed in a high
pressure vessel under a hydrogen atnosphere according to 5 the invention,

the prokl ens ﬁiﬂa%lfeggeeeot,egggql hioc pﬁg;gfoaem-esd&g%ns&g%hr %‘@tilor{/i{rg/h?o

el ectrolysis ce eak electric current”due”to decrease of resi

f , . . i h
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electrically insulating liquid are solved. | ition, ere 1s$no

of genepadf i kN ored in
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separate vessels. High pressure hydrogen may be safely g

si mpl ea et @ Ghidwd e @¥CLRE %f@ré’?'ﬂrﬁ‘e Qilbwgeﬁs&ﬂgdfg/iégrfiﬁé%:l%eé Eg I\‘é/'@%éj%ﬁd

of hydrogen. According to the invention, hydrogen~and oxygen gene

puBe Weh&'heH € coRdRd 163 Aged £ WekhbYeakel fgiie é’ﬁé‘fﬁ&:ﬁi}c{. g:fae%eﬁée

hi gh pressure vessel. The heat generated by electrolysis 1s

cool edrekiBthReepber @he&ﬁ&?@.ﬂ@diftis@q_ftﬂbes by wi dening the heat transfer
area for heat exchange ile inmproving heat conductivity by reducing the

thi ckness ofIthest ghetwalhpoLeanedEenkkkp hhﬁeQM@Hﬂdﬂﬁfﬂﬁbffylaﬁ?¥ﬂge
abl e hig

operated by maintaining at an appropriate tenperature to en
pr essubeahyHingepoint Haviierndide/ heasoglkehi aiahhygaepepat Efne AL GY %'ff%ér{kd he
invention, the electrolyte cell may be effectively prevented fromfreezing
duringinhe tiaétf e parbend 2of, @bgchnal ¥6i6n AtErimMthd hildie pHeistires QRSUL PY
usi ng the sane pipeline 25 as descri bed above so that the tenperature of
pdfe whoer Accondisgky cm noesl mettinal ieampIoydCior theliWedaidn CWhdideAn
when hydrogen is generated by electrolysis of water using solar power
gener athoaugh-hodkearhan grege tsmire éhierwahd dfiitthiechi 4ht pupes edré nasgde DalE, i S
formed fromthe inside of the high 70 pressure vessel for allow ng the
pl ur al irtashigethaviice tunbegs2al, 2, @nd spgohy dangem sort ek y gare Fateded ed
and pure water, to penetrate through the side wall of the high pressure
vessel inkadtapered rshapesof eem sthee sigw faie wift thee idabs paead e ewdse lendap) e
the through hole 5 to be hernetically sealed w thout welding. In addition,
t he fi®dRAdtihesinectybasaieel hermetd adlgly seededr¢litbhout|webding e selad ing
di,f ferential pressure between the inside and outside of the pipeline at the
bid@nchthg paperedohedgscHith wedor-shapedycoras e resistance of the
branchi ng part may be ensured even by using a thin sheet. 'O However, a
pl ate mat er i Bre hEETRETaRUESt PRURYERPERAc §3OWdnandindiangl muyt (ef ukteel hndsat t he
pi pes are joined hy welding, or comrercially avail able pipe joint parts may
be use%i’.mlléﬁg?ﬂi fretmrRATrRRAMWidh thasmpeatersa2h at tafchad afethednlet
enhancgg usi t he fing ubes as _the cqoling pipe |line. Such fine 15 tubes
can be®t3&i? gﬁf%cfé's’?e ubes dageiRy e28dcP | At F dhmadEat sxshamgen RSD,
tubes jn.the heat excha r en en_the pipe_line is elongated, thereby
enabli%%deggﬁfmgﬂ?%ﬁﬁﬁtQggcﬂgﬁaghgﬂaﬁﬁchFiQEF&Ettﬁlgé 86t &hged LRt Foles
causi ng_ t roubl of, le e...Accardin Q_the inyention, the pressure in
t%g ve'gasélﬂljlé ggﬁtggl’l ggggotpﬁa ?ﬁeegﬁ%%ﬁ izg‘\\{"prg'g?urt@“m%ﬁﬁ ogen
and o Sy ho | ven Jevel. er,m ssi bl.e pressure of the
el ect %%ﬁ?ggﬁd?)é%ﬁ&?lgfgﬁie%ﬁo&u&ﬂsﬁ%gdfen tﬁ&ﬁ?ﬁanté“ﬁ? @r{‘dgrfgz%’u Fate
hydr o g e e % |_t ily control the
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pressure. itron, ressure 0ogén o ‘'m or nore 25

required fOolcabiing vitkd2dl 808200501 9Y 208V OF dSRIAY HAIRALLY O%hy bY

el ectrolysis of water w thout using any conpressor.
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hydrogen in the high pressure”hydrogeh vessel” as a part pure wat e

s@pp! ipebwiaédeirnose wigle Jrysdaneralddn 1b, e??@iﬁeﬂ':g{ ReEWAter RY €he

wat er i s spontaneously supplied w thout purposely supplying pure water.
Since ebdetroépsibase DEEN AHSGRA G USEhRShel §r%§rtaﬁq:re'dv?ﬂ5mu§§gezgﬂg
speci al equi prent and operation is needed for that purpose) thereby

provi dungied f ehei naldih§epeptibal. 5 pressure control neans that permts the
differential pressure to be controlled by discharging a small anount of
pure wat er. Bieitenpesatiufrfecomtacdliny vasere £agub 1vethiced Yahhe dSEBbLE
anount of pure water as the pressures of hydrogen and oxygen are higher, an
opt i mikA efd e° Grayarsk aacddotedahempis wupp liilkd Feofivd tobldagewatepdt Bhgh
pressure hydrogen for utilizing as theggydrogen energy. According to the

i nvention, the volune of pure water in°the high pressure hydrogen vessel is
made to be | arger then the volune of the portion.where oxygen is stored in
t he hi gh pressure oxygen vessel, and the volunme of pure water in the high
pressure oxygen vessel is 15 nade to be | arger than the vol une of the

o o, o o S



the vol une of the portion where hydrogen is stored in the high pressure
hydrogen vessel, prevents hydrogen in the high pressure hydrogen vessel
fromflowing into the high pressure oxygen vessel before oxygen in the high
pressure oxygen vessel has been conpletely | eaked and the 5 vessel is

repl acedtwi 4 b © \WRbALnELWaReWMRAY! BE &S UL .d-dbl}]ig?% iy eﬁ%%%?{'%fysis

oxygen vessel is decreased by | eakage of oxygen in t essel due

mal f uNg61DN @b & VTP ALUIRS 08f, £4 eXAhRpAD, BHICRYE 9 bl GhehM ¢ '@%rr%lggtes

pressure hydrogen vessel happens to flow into the high pressure  oxygen

vessela héadtbpre M1 vl 866 GRitedf WiAME R tfihg %&e%i}@ 38 JBy,be
avoi ded, since oxygen in the high pressure oxygen vessel never Tlows Into
the high ¢reseurgobydwnernNfyeesehghekotRe ¥ dee8eB 1k ilsheilgh Flrse%\?&afi d
hydr ogen vessel has been conpletely replaced with pure water 1n the |gﬁ

pr éssuderdrnyggenevhasel pprevan oshahe Qﬂellftﬁ:%i'f-y'ﬁsi rede pigh pressure

hydr ogen vessel is decreased by 15 | eakage of hydrogen in the vessel, and

pure water iPutéeadteghiprdsselectrpdysisasnsee walt@staikat hayhakuyErdaae
hydr ogen vessel. A level neter taking advantage of a | arge difference of

el ect rteathe amhdd isvideyofet he erl ecigesl paid sl 101y @€ednNdobihg YBIWL thStheed
in the invention in place of the conventional float type |evel GO neter.
This |keet extkhangern25a.t lEhevatetrutevyelpd dime st aly \alai Y ardEed V155580
even when the density difference between high pressure oxygen and pure

wat er piusadlity ofi finel tubestiag 4he ayad gpereratdtom hregsiNind iplige CRUgEd
by squash of a float by high pressure hydrogen and oxygen. 25 A double
pdl0ari 64 disposedhieltbet nppesi pactlin ithecbdghr presdulre vaskpat i00ap!shédn
pai'rs of polyelectrolyte nmenbranes having catalyst |ayers formed on both
sur f actB Fithd 20bnmrdemniter coptepicthedenpesainrs of poe @iledtukysisrcell
contact with both surfaces of the polyelectrolyte nenbrane . The | ower part
of thelel@tinotheihydrpgen gischangegpépectine Fpunfhegtemberapnvesdet purd he
hi gh pressure vessel, and the upper Eart of the electrolysis cell is held
by bei F@LEBEnPFc¥eLY Aft AX¥BAPr 88BRBEALEGsareonantofiled with dbermiimetstxs
may be reduced to be smaller than the dianmeter of the high pressure vessel

i t sel fandsheqt exehanger 23¢; RRGPUFR Yati ek dds Sugptird ko |the hattom gt
pr,essure vessel should be increased in proportion to the square of the
dilBet Bhe

of BRETQL¥ELF PURE Weted dendy Ihandistorsa peheEguced to a

proportion q% 1/%.5 to %/2 by elimnating the need of tightening bolts, or
the di aneter df FRUPRFY uﬁFeiEuF@“&é?&&P tb@ﬁ%ﬁhﬁﬂﬁiéhﬂxﬁ%Wh@F?Fuﬁg '0
are the thickne f the. wall n pe reduced to 1/2 to 1/4 of the

b ckneQRtEPL e e FESPEERLYE SRS T JnaPot e EomnBrEpn tepacenthvakien

f th | I 1 0g. & | ysi t | yel ectral yt nmb
2¢ an SPPRLRCORELELREOLIE 68 E oLt T Srdted F B et Sk FEqnda
b j h L}, di t he. ef fi.ci f electrolysi b
rmr KBy FRaeB, e Ao EE bl B RN Zorl iy, onifornty

ti_ght eni ng tp@reQEE%QQEYS%ﬁeﬁeEhei%xh%%%h@%f%ﬂgﬁaﬁﬁéé%@(Néé#%h€§%$%§§ﬁpe

conpr essi on nenber VINg a pressurizing power,

resi stg@g8wohe ¢ et ¢Alght! AQulke nly ¢he fsﬁgé*: ”of’tct}?érdé(’ﬁ:[sﬁb Ltsr}]éécc%ﬁt%ﬂaeoxer( e

of the electrolysis cell is conpres downwar d conpression _
nmenberghdwh P& dileEN th@NtehpPErPh Pt d¥rLHPLATH E‘lﬂetﬂ}?eﬁﬁﬁéef%% ersilds | S

shifted toward the center of the electrolysis cell to ena

el ect oy WHS ntifis bO1RCL NS Er Wi A @) HDoEiMed @3S ete ERGLCRYLANOAA NG, { N P2S
from | eaking 25 through the seal menber. Pure water I's supplied through the

pure veé esn | egfld ppasegeatyrPvhifdtnt &heceenlgsief ckha al eahkeityehy Ll |
in the invention, and generated oxygen and pure water not electrolyzéd are

t @ben pute twetogtank Glyged filirne tangs passayewd Boovhdeds $réferdted From
communi cate in the 74 vertical direction at the anode side wthin the
doubl ef peézaingybel £Lowbnlg. pbaseatientiyto atheifeotumss tyBeen Din W & opiRird S
formed fromthe center of the electrolysis cell toward the periphery

t her eofatet @ bxygeaveonpndsPhll fheompure ngteachbed pigsd @dneaBdard pIsHa 5
resi stance from bei ng decreased by | ocal softening of PEM Since hydrogen
gener of bge atubée 4at e amdl georeatimgpeatedring @ ditrgdc tone stivereh givggd 320t 0
t he high pressure vessel from an exhaust port of hydrogen and the |ike

for recBeent ferpegi pher hait periedt mdddhs ¢d esttndilystimibtelbol arity

el ectrode in the invention. Consequenthy, the dianeter of the electrolysis
cell may be further reduced. Since the porous feeder having a polished
surface is secured in the double polarity electrode by welding in the

i nvention, PEM may be evenly tightened w thout being danaged by protrusions
and steps . Consequently, pressure resistance is avoided from decreasing,

= o o o o o,



el ectrolysis of water using electricity generated by the natural energy or
hy taki ng 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 75 sites such as
domest i ¢ uSephe Of &rhsESa BliFe I56 édﬁir@%&%ﬂ\ﬁlée@%sahfa—ﬁly e B,,hgn e
hydr ogen energy is stored and used in |large scale. H gh pressure hy rog%n

obt ai ned 10 tihgot 0y eiid oM PRatbe01 £FiRRI1 M ¥rbned é&o%i‘gg‘%ﬁ'fék' fhnk

deposition processes for formng thin 5 or thick filns suc I con

oxi de {hbEBgh¥@h) OWSLIEVD Jhps b 18R ¥ @r HaMd fidd® ddk tébeoalsix\}\gl fhe.

conventional sem conductor production processes "using hydrogen,

n heailécesblpsisPeacesseto B tefiperitutle G 1P OLE MELO! bRIN LT 5
pi pelines in atom c power plants and cooling systemin thermal power

p|6ntSggﬁéﬁaiﬂngeéﬁébﬁriﬂﬂt§Lnﬁhi?éaﬂkfvﬁﬂguﬁbiiﬁﬁrm@h%d%ﬁki%ﬂe&9§%§l§99§|d
be particularly cheap far producing hydrogen for curreftly require

| nduSt e 505 C ok b dWHEATSLSRING O£5LAE UL i Fb Py STBIde MOLUITE Yt fig
i nvention, cheap high pressure gas cylinders that have been conventi ona ?y
used f@urusgatheupphy 6f ithehpdeeged1yisbedinstialled in a narrow space, in
pl ace of expensive hold tanks that require a wide installation space.
Accordi ngl y, A etrlagenpipy Dene lsnpbippieduges plsiigl ChedF FidBi Blibes 64a,
electricity. The facts above indicate that the invention is effective for
ef fi ci @bl yandi 50zong 1seproetdgdobhathedebyctsony siisdpugte walteGt ri £hk V31
sugﬁesting that the invention can contribute to i nprovenents of gl obal

eldi r ofioencoslitng geusipatessiionthe dlechavlesab parbowateextdgki 91the £nel d
of hydrogen production for industrial uses. Al though installation of

hydr ogtnvegrhient orGonseqhenthyt othestemp@batandsofothe ienectasad sifceell

di scharge of carbon dioxide by truck transportation is elimnated, such

i nst al 1 g@nobpe Morsf easl 1 ynewsdirslld edd while lesf fiiotieret by pires emtdmapporetvicker
tanks for backup when generation of hydrogen is accidentally stopped due to
fai | urtd bhepghertgyer¥sasi purenwader fraok Yedors foeezimge. Accordingly,
purchase of hydrogen 76 for backup has been inevitable, which has been a
mai n cause fBr9i nBi bFt2ngropdesection shewhpdr sgenxgopdeacst a Makemrrfeed
si,nce generation of high pressure hydrogen is possible in the invention)

h roglgﬂmaa';rjb}éegtwéa 2R tRdYFtAPBhMPEREsAPeaghEPERSERdALY Vieh X amnke S0f
been usual | y. used, and any _speci al counterneasures for backup is not
needed?hﬁdV%BﬁﬁhfﬁeGuPP@P £2nk 1BrthecARgWAHIvatihg irefestenamamerah 7
needed_whepn hydrogen consunption |largely varies with tine, such tank is
expens@9%°gﬁﬁlg£Fe§8FFFWg°§ F&Fg@%ﬁ%%ﬁﬁ%%ﬁ#%nP%ﬁﬁu%?t$EmE§%¥,3%hn§éecheap
hi gh pregsure gas C%Iigd?Es tha% has been used for sugglyin usual hydrogen
may ber TE8HCAES: RRTBHRAL e/ 2t ARROTPR RhBUTRY¥ALPEN SXiite POXS althe e efaice an

or oouctiEEBF 1 APBGERS S hegik fied Bed¥ Shhe Fofn e hiesr lut Anhaies

' ' d i hd i al .
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OF gener ating bt essur
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5 wherein an electrolysi's posed in a high pres

ﬁ?gxeg%ﬁéﬁ?g&ﬁ; r%gie% 395?%5‘01{1&% 1AL d e whtRYSIELGE Yy S8 G4 00
coil and by coating with a resin, the reference numeral 76 denotes
a drive coil 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 rotation sensing coil, 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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el ectrolysis of pure water using an electrolysis c.ell conprising ~0

pol yel ectrol yte nenbranes, wherein an electrolysis cell disposed in a high
pressure vessel that also serves as a storage tank of hydrogen generated
and el ectrolysis pure water stored in another high pressure vessel that

COMUNE&Eé Pen ¥k tlunidia B edd 2y 588 E&hdt@MLSSES %é‘:%ff%&%%f Anen PF

oxygen generated. 3. The system for generating hi gh pressuré hydrogen

accor dy 91gad o €4 £ AN thaAWHY Y FARSEH@ ¢RIMeT1 TR e es Wi "Afd the
differential pressure between the inner pressure of the high pressure

vesselréPerehnosi NGmbyY &1 0geNdand tklae ai PRAK 1RGEHEe0f the high pressure
vessel for storing oxygen to a pressure below the pressure resistance of

the el ectrolpse Seefd Wirés 768, SYs8 SM7CandeNEH %ﬂ@@l@c&fiwﬂﬁ%&%s'mg{%“
according 25 to Claim3, wherein the pressure control neans IS provide or

adpusthyogbé ey i COLte@rREEH & PbsiA¢ Bhahapeegaitieavessehel 8utalidlel MF the
hydrogen to be a little |ower than the inner pressure of the high pressure

vesselelect BoDyEDNg Pu¥@CRatéd® tabk BhE by Hedld Uf USSR A0chEBEn Br essur e
hydrogen according to Claim3 or 4, wherein the pressure control neans is

provi degtfeduoessnr tegminalpr pehereatdng ahetigh/ etHe Mo PEGR ST Ebyepaghy
cnd adjusting the 5 differential pressure to a pressure bel ow the pressure

resi steheetoicabheyelpstilakedi.s cell by dischargi ng hydrogen or oxygen

t hrough the val ves provided at respective high pressure vessels being

swi t ched basEe oratiehe feedspung 3alswesoni@rctédeasyds sorfved giaratdtig- 1 gh
pressure hydrogen according to Claim3 or 4, wherein the pressure control
mdéns te pebtateethéorohdiu?bi hy fhediingf ancaleatrpoepowes to dher éasiving
bel ow the pressure resistance of the electrolysis cell by allow ng pure

wat er €@1be76 rEwem & mavery s tathithe ougsisde/ of ithet lod ecdsodlys icomens ed
to the pipe lines conmunicating with pure water in respective high pressure
vessel¥ater faeksykibegebhegewatht ragakign pfetber rokhpdioge axdsc gridifiigked

to the rotor 75. Consequently, the blade 73 is simultaneously rotated,
and pure water in the electrolysis pure water tank 31 is supplied to
15 the feed pipe line 3 from the pure water exit port 72.

A magnet 77c embedded in the rotation axis 74 rotates together
with rotation of the rotation axis 74 to flow an alternating induction
current through the coil 77, and the controller can monitor the
rotation speed from the number of cycles of the alternating current.

<0 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

25 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
39



to Caim6, J wherein the pipe lines communicating wth pure water in the
hi gh pressure vessels conprise two pipes of a pipe |line 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. Th f ' hi gh hyd di Claim7,
wher oih e VEHE - RERE S0 AWBRTaH APoARAPGE pBr Brog® FRARd SRt FErnce

ther ’ . . b
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unit conprising an’'internal nagne rovi e
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. t with ider t
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wherein the sensor is conp ht s ing pl'ate interl ocked with

the externalpfRONClLoROM) sCheBELE|BEARAALCPRRYIAG AT IPHU T S0 £hI8H
an oto

with the light” shielding plate, ap ctric meter for converting

the |%&Mﬁe%&%&er%h‘fefﬁif‘&dﬁéffaﬂftéﬁﬁn%‘l%&i‘&éé&ﬁ@h?ﬁ%ifgii Jr

11. The system for generating high pressure hydrogen accor

wher ei duthén £ &S YheCRAREFSESed Frurfp ANahil HELED fd €9B N3 c%n%'tii%[tﬂ L 4
on an electric resistor by being interlocked with 25 the external meagnetic

body. dystdmessysgenetatifgNRighi peelistleP h§axoge M HE QeI B¢ CE6 diRg to
Claim3 or 4, wherein the pressure control neans is provided in the pipe

line 8hventTfonurirc@hiengrawing pwhe »efetehbeSNEEA1 M8 WE8HORESSS Ve sel
vessel s and adjust the pressure of the vessels with a pressure controller
wall of the electrolysis pure water tank 31, the reference numeral
111 denotes an insulator stuffed with a resin such as a curable epoxy
15 resin, and the reference numeral 112 denotes a copper wire covered
with an enamel coating. This construction permits a number of
electric wires to be introduced into the electrolysis pure water tank
31.
Fig 6 shows a schematic drawing provided for describing an
<0 example of the level meter used in the invention. In the drawing,
the reference numeral 120 denotes the vessel wall of the electrolysis
pure water tank 31, the reference numerals 121 and 124 denote £ixing
screws, the refgrence 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 is submerged and not
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containing a slider sliding in response to the differential pressure of
pure water in respective high pressure vessels. 5 13. The systemfor
generating high pressure hydrogen according to Claim 12, wherein the
pressure controller has a main unit and a position sensor for sensing the

posi t | SAbmérgad ext gtad Wdider e 1:udi® lltéstah%wnfeﬁsgtg]& 1 U water

pressure vessels by allow ng pure water in respective high pressure vessSels

t o nov€an awél dhecFBhinabed £P8R tBE NgiedtPOaLON2 8! h%@egumg%g‘éfd innt%tére
i

non-nmagnetic material with one end communicating wth pure water

hi gh pegses! eerY&SE:Eﬂl%fﬂEe ShePt N BUMHAQI D By ddia U QL b £ AU Cab L Hd

wth pure water in the high 15 pressure vessel for storing oxygen; an

i nter nehe skatler S8f€a0é arnadaelr ¢heBiatied sh@rddecki ng pure water and
sliding in close contact with the inner surface of the hollow cylinder; and

anbext ernal md¢sledingue, othe Wageet serrater 58h 88H bl Aeld ded WhEth&LN ACt

with the outer surface of the ho' _|ow cylinder, 14. The systemfor

gener aié Mk twedh [hes slee thdie0en5ac4Ra di 2% | b&dwesn khe WIFAIXbALS 1950w
cylinder has buffer means as well as flow passageways at both ends thereof,

whi ch an@vizbe f o abovknghd Wlciromd ansid)r eHab1ihg PRSSFIEWHY & 14 d€s
internal slider slides to one of both ends of the cylinder. 15. The system

for geverstrwg a4sgh peesiumetkydrogen according to Caim 13, wherein the
hol | ow cyl i nder has buffer nmeans as well as 81 swtches at both ends

t her eof , whiEhg prowhdersf an ewatphiengsf aars festtof fn aBlwet @ E6 I punip ibrdi- 68
line for flow ng pure wager when internal slider slides to one of both ends
of' Ot heby @ ligntaricixyl roviiadesy aterhd outyeinky afi tigehd Ifcprebgsis gk Ggeter
according to Caim13, wherein the hollow cylinder has a net vol ume equal
to or tamk|dk, wikich he dhfferentnfron tha MaterthdEeed pumpos2 hyliegenist tred
in the high pressure vessel for storing hydrogen or the volume of oxygen
st or ecelectrelyisyh pueesiatendeadt Jlor &t paimgobxygtors1028 7andhe my bt et
for generati n% hiofh pressure hydr ogen according to Clainms 1 to 3 having a
heat SReERAEEM 2%t sypmetd igddnad éaragadasiaplon itdeal watt erhe exd troituet 6n
the high pressure vessel. 15 18. The system for %enerating hi gh pressure
hydrog&‘la 8 A Hi né‘he 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 axis 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 into bottom of the electrolysis pure water tank 31 connected

25 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.
41



to Caim17, 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 conprising a plurality of fine
tubes branched in the high pressure vessel. J 19. The system for generating

Chan oo o Yei vaTESr S ¥hd Q1B s HuIA LBG RO RhnR ST Syt T

the passageway of prpe lin rolysis pure water-to

ol eCtI Apys! the Grodi'dhale bR £HE PESSARAYPYIOTdTE Pl Rhd BAR AN d AHLALY

pure water 25 fromthe el ectrolysis cell] an e exchangers are

provi degd shipip 19@0 £ Ok bbb £ H 158 RS S 4H %ie%grglre{) ﬁqi%’ﬁ%%{ﬁ%‘%@g? thEdgn or

el ectrolysi'S cell and/or pure water returne STs ce

prevenihfg P emABh &lini ¢ 05 €884 der BReed %gumﬂ_ h@ié)’éﬁ?ﬁgmf 1&%%3@%@011

hi gh pressure hydrogen according to Caim Wherein t pi pe

r eBur nedrih 81 ¥4 8T sROWR! LAePig. Pyural ity of fine tubes branched in the
hi gh pressure vessel for storing hydrogen. 5 21. The system for generating

hi gh pressure gy d§ ogleswsCs058haHat 0c Ci2hifi Ag0brov MM &idy %ﬁ(’#fﬁihén%

cooling fine tubes for controlling the tenpéeratures of stored hydrog

and/ oreRygee cindheumetHeliefor Fed1AMPiaeePhirBEgRURY 1WRE8rmEHOSE f 188 2d
are di sposed within 10 the high pressure vessel for storing hydrogen and/or

hi gh pressuse tias IelgH YPred Ui TeBaIeN.0 o plite WA Man cSQRIAL} d¥ks i gh
pressure hydrogen according to Claim 18, 20 or 21, wherein the fine tubes

are hedd. arzh pheriedwingat thBerefetencef n@aehaltor £1 hsnetés ey i qfhin
t hrough-hol es tapered fromthe inside toward the outside of side walls

cdfst i ofittng higpantesste glegreb sl rasewvated3 anthoEeRddel 31, X
generating high pressure hydrogen according J to Claim2 or 3, wherein the
hi gh piesstes theshiside of diiezyensalewhidisas denlfes theedytsiid £ the
feeding pure electrolysis water stored in the vessel to the electrolysis
cel |, wesisalnotbe fefedencenpumkralaildl Gemdteurp.pFHing, The sgSeernicer
generating high pressure hydrogen according to Claim2 or 3, wherein the

hi gh premenad 1A denotes atcvieg the gef erenfae nupleak Wl il dehotescontimng,
means for controlling the volune of pure water stored in the high pressure
vessel the peferenee numperahel 4bldenotds tahd iigly prassur anfdeddel redersirore ng

h%Qrogen, and for 83
O “numeral 145 denotes a holder of the fixing screw.

The construction as described above permits the core 142 to be
pressed onto the side wall 141 to fit the piping 140 by compression
when the fixing screw 144 is tightened from the X-direction by holding
the holder 145 of the fixing screw. The core 142 is tightened by

20 pressing the fixing screw 144 by the high pressure in the vessel t>
the direction for tightening, and the pipe line is completely sealed
in the through-hole.

While the core 142 1s molded into a structure by which it is
fixed by being inserted into the side wall 141 in the description of

25 Fig. 8, a commercially available connector may be fixed in the
through-hole of the side wall 141 using a tapered screw, and the pipe
line 140 may be sealed with the same core 142 as described in Fig.
8.

Fig. 9 is a schematic diagram showing the overall constitution
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controlling the volume of oxygen to be 4% or |ess of the volune of the high
pressure vessel for storing hydrogen. 25. The system for generating high
pressure hydrogen according 5 to Claim2 or 3, wherein the high pressure
vessel fc~r storing oxygen is furnished with a pure water replenishing

equi PR hne?rReSELanh18 & LAl &Fd Qi FHt gPihg' Io e ﬁ&d%tg%rdea €

. &f ﬂ@?ﬁ
tank for replenishing consune ure wat eg, an 1 on-exchanger tower-~an

pure £ ¥ &Rl i o 0 T t f [ '
P cas e AR T Hhe oy Ao BTSTAT £0T | Sl Wil b ¥ ssure
repl emypdidge£q BARACaGQRPEECSarhd G P Wha t"8hekn! ER! £hys N "G PBEmpd 4 S8

pipe li'ne and a pipe linefor returning 15 oxygen an ure vvater,mlphe pur e

wat er 4 ARGAMSdE d\drd APErBYientydh SEP999 mg& ﬂ?%ﬁeaaesd/\@ﬁse a 8&?9;%?%&%&% s

able to be supplied gravitationally to pressure vesse 1 ng

oxggerced AP 3% e dMfmidftdd 13 RCRYALEHEAN akRokhbhie ggge%%%%ér a ‘aeifi h

for storing oxygen, tr.e feed pipe |ine belng dispose et ween the pu

t bel 1 .
wat er gitéd aeie lokigedeBded 965 &or RN FRYuARE Sark %gﬁgﬁ}%@}ﬁiﬁr{;nk

the pure water storage tank is supplied to the pure water r

thr ougderideat&d; exerangstet OyPhes alfhéder PsRCahaN2168" thebUbR! R 1R Prir£nd

pure water being disposed 25 between the pure water storage tank and pure

wat er wepdeins Bthaghigilpresdurad hyagbgenese ke 10Xy &b 1t8a od it Fudnk
is able to be discharged through a filter provided in the pure water

repl envstengin attre hugh pRéesurs bRegpHr Cewaledl 262D &t Nl £ BEKe K1 AT
circulated until pure water resunes a prescribed resistivity. 84 27. The

sy 6t erpe s sreme rsensty REGhE pr essiyimdyHeo@epf ecentlalgpt@s £hvé Perdve aaid N
t he vol une control means conprises at |least a level neter 5 for measuring
the swiessuné qiuhydwaigen inl tles high pbeebisyirephgdsogenveesstlf o2 A ithe
oxygen, and a needle valve interlocking with the |evel neter, and the | evel
met er pxepsuwe defl dxygenninothe Nyl ghepseséare okypenevestsel 262t hat odder
vol une of oxygen collected in the high pressure vessel 10 for storing
oxygent®ecomesoothe dbEfevkbnthelvpiressuaie.t he hi gh pressure vessel for
storing hydrogen. 28. The system for generating high pressure hydrogen
accor di ng t oirditdhensystemcfer genrrratiey highrprespureebydrbgknekbomwnodas
15 electrically insulated with each other and fixed to a brace, and a

rdi stBie etRrg srataadi@ ibeyelgstardazed dls seditstatoe thet adestrodysis
el ectrodes and high pressure vessel. 29. The system for generating high

pr essFelhyafto o hileh pressurgi pxygen vipeseln2éhavidy dthenmump 207,
conprises a cylindrical electrode having a_rod-shaped el ectrode at the
cent er@N@PUIFyates df PBFCSEﬁéYﬁFﬂn‘@Yrﬁq 1R @ Ay ed aftdrisy Peved seaig ad
d ai m€9, V\ﬂerei n thf | evel meter also conprises a rod-shaped 25 reference
el ect ricfe SHYRTERLYFLA SROW| 8cPPYERl FYUrReuPfied ByPArager erdepurenwatiqr

ther eo{s ’dflsnc grgcgéi Qgggcg}her g&%kerﬂ%%sglu:ercet rh(grdderc:hgaevrix r]\gessel 202 from a
zO 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 is 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, respectively, 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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t he rod-shaped reference el ectrode at the center thereof. 31. The system
f.or generating high pressure hydrogen according 85 to dainms 1 to 3,
wherein the electrolysis cell is a double-polarity nufti-layered type

el ectrolysis cell manufactured by lam nating a plurality of double-polarity

el ect ropes tonpeedi ngapegyal eebmohy hgarodenbrares g nssatal ytic layers
formed on both surfaces thereof and porous el ectrodes in contact with both

surfaces of When paéycéessr of ytRe NBRBEAGECe &hetﬂeuhliwgiﬁééds:é"K»‘f&feg&ﬁi S
cell being disposed on a nounting table in the high pressure vessel s0 as

to bravesspl exredsvhdtisdd waYIDA g S H¥uté YaugeOds ahoree t e dAN £ hylariged Ne
system for generating high pressure hydrogen according to C aim 31, erein

the elfeéd dfyansetetkris powerdothittrepellacitirylidhilsl ckayeset £¥Hf the power
el ectrolysis cell having double-polarity el ectrodes 15 conprising a pure

waber $eariceazthdmayssumettdyathéhtnsepietion dha M INAAN(Hot shown)
el ectrode. 33. The system for generating high pressure hydrogen according

to Cl aopeBdted Mheoveperttdon withotlysipresdiurd gaulye 254bl enddr electric
nmufti-layered type electrolysis cell conprising a pure water feed

passageowsr f s neub il iédairceil erheofpridssutel ea suieal ibyy thlecpiresdaird idawge

di scharge port of oxygen and pure water at the anode side of each

doubl e2pé| metuyne| tot Lbdeoahdiaadi yalaege port for directly 25 di scharging
hydrogen and pure water into the high pressure vessel being forned at the
cat hode si deTherabextuprs afhdheuneeddeevalive 266 gss Fastdgendncreeiswl when
vqrtically formed at the outer circunference of each double-polarity

el'8ct r e RELHEUTY ammeasunek wdstigsheapte pavtevaaege i 5¢ Ha greuored v8Bth
34. The systenfor generating high pressure hydrogen according to Caim 31,
wher ei %ntil%@%qm O%f theee otbréCRAve s thram &her Baver| sourdeskél sugsi L The
systenfor generating high_pressure hydrogen according to Caim31, wherein
the poPTRFLRFRORSIMEFRNRARY ithe PREFIFQ HAUSSURSL Feisamesy idise omdatianad t h
interposjtion of a sheet of seal nenber provided at the outer circunference
of thevi‘)%\l?el chﬁf':'l"Q)I%f't BYREP9esnés continued by maintaining the aperture of

the needle valve and the electric power from the power source, until
15 the pressure does not decrease by increasing the aperture of the needle
valve, or the electric power supplied from the power source 261 reaches
to a maximum allowable power.
The differential pressure between the pressure of oxygen stored
in an oxygen pool 252 and the pressure of hydrogen in the high pressure
20 hydrogen vessel 202 is measured with a differential pressure sensor
253, an example of which i1s 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
signal is emitted from the differential pressure sensor 253,
Pure water is electrolyzed while 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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10 36. The system for generating high pressure hydrogen according to Caim
35) wherein the sheet of seal nmenber is formed of a material thinner and
harder than the pol yel ectrol yte nmenbrane. 15 37. The system for generating
hi gh pressure hydrogen according to C ainBl, whereinthe conpressed
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electrolysis cell, a’spring t acconmodat’e I n the mai'n

and a P{§sS1 SCWedP, Oé‘fné‘é'dtlli'@|Qliﬁwﬁﬁﬁehbﬂgsﬁhﬁs*é&?)e‘ﬁ%?f'ff&no){:/ggr to

energi ze the spring. 5 41. The system for geherating high pressure hydrogen

accor dhréss@rél pés Slanvbes£ithd ha okl BpPod asdiy A eatd %%3%1:% ﬁ%‘&@ai ed

in a vertical direction with the top face serving as an a

bot t oramf e el fracohta@heden A8 42cuFheySyst eFvt UxARHES atéﬁ'%%%ﬂhas
pressure hydrogen according to Caim31, wherein the porous electro IS

fixed v4térnméhe ekeebgalivedsroel gehkratlidig hydivdeh At S¥p§eN §ihn a
generating high pressure hydrogen according to Caim 31, wherein the

el'éct rptgsisreebE toopatmesrt horpoueunehter ad iy & &olisped surface
in contact with the polyelectrolyte menmbrane. 44. A nethod for generating
hi gh pressurk dyfifegenttalppressgre exceeding the allowable pressure
resistance of the electrolysis cell 201 may be generatéd by a
disturbance of pressure control caused by a variation of the amount
of consumed hydrogen by the system connected to the hi{drogen feed port
15 255 for feeding hydrogen to the system, or by a variation of the
electric power supplied from the power source 261. Accordingly,
switching valves 208 and 217 are provided in this system, in order
to avoid a differential pressure exceeding the allowable pressure
resistance of the electrolysis cell from generating by the disturbance
46 of pressure control. These switching valves are connected to the pure
water pipe lines 216a 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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the steps of generating hydrogen and oxygen by el ectrolysis of pure water
using an electrolysis cell conprising polyelectrolyte nenbranes and

di sposing in a high pressure vessel; 25 storing generated hydrogen in a

hi gh pressure vessel conprising the electrolysis cell disposed therein; and

stori Nt j r e I j r Sj ur.
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wat er together with returned pure water. e générat’i ng

hi gh mmwﬁeﬂwwgeﬂeaﬁﬁpﬁﬂénﬁft £L aj AL 44 5‘:8”’eﬁ{azhﬂgptegﬁe§lzﬁﬁf°fo»§&géﬁ ng

generated hydrogen. 46. The net hodfor generating sure dro

accor dy&gs &1 t P65 £ Pt AR 51 G H & b e odegﬁgﬁ}gg%i r{%&%@ﬁ{féﬁ ool

hydr ogen out of the high pressure vessel through I ne; a ring

hydr ogesn bys aelcHedsd | #he reby bbﬁhc@h@sﬁﬂé:%ﬁ’éééﬁfeaﬁ %&m@ﬁ%@&&&

heat exchanger. 10 47. The method for generating high pressur rogen
aceor dokggé R ke dn 46 CRANeSiRBrbA818hePhaf prés §19|Pér:9d r\ﬂlé”fﬁ%@{‘g@:“é‘d&sure
e

returned pure water out of the high pressure vessel through a i I ne;

and 15hpde64eg e¥¥96n 20d t6l HaAAdalW & \Wir¥erdh it Mk HILSSHEEYCTIY
for storing electrolysis pure water after controlling the tenperature wth

a heataExehabyer prdSsutbereslBednter. generating high pressure hydrogen
according J to Claim46 or 47, wherein each pipe line conprises a plurality

of fine tubesuppeseradti thé e luneop e UdRn e6%8e hahh!Rasd s GRS SShe
hydrogen being returned to the inside of the high pressure vessel fron1fhe

bot t onvé éme 2102 26s 4L Thethersidiaghed @f @adyeseal i1ng thied h ighe peeise bl 'H8aen
according to Claim44, wherein pure water is electrolyzed by adjusting the

di'f)f ereessal P62shurce. det(fenf the modume ofs hydroigen)g hingh thiee 3 e ure
vessel for storing hydrogen and the inner pressure of the high pressure
vesselof hydrogen generated is 400 atm. Then, 4 cc of pure water as 1% of
0.4L of oxygen flows out of the high pressure oxygen vessel 262 and
flow into the high pressure hydrogen vessel 202. Consequently, the
pressure of oxygen reduces to 4 atm as 1% of 400 atm, and the pressure
15 of hydrogen increases to 0.08 atm. Accordingly, a differential
pressure of 4.08 atm can be efficiently reduced to below the pressure
resistance of the cell by transfer of water with a volume of only 4
cc.
Controlling the water surface 251 in the high pressure oxygen
20 vessel 262 is crucial for generating hydrogen particularly at a
pressure of 350 atm or more. In this invention, the level meter 250
is disposed in the high pressure oxygen vessel 262 to always monitor
the water surface 251, and pure water in the high pressure pure water
feed tank 241 is allowed to flow into the high pressure oxygen vessel
25 262 by taking advantage of gravity by opening the valve 238 when the
water surface 251 is descended from a prescribed level. Flowing pure
water into the high pressure oxygen vessel 262 from the high pressure

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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89 for storing oxygen and pure water below a pressure of the pressure
rresi stance of the polyelectrolyte nenbrane 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 f@qéwidyhdwaswg)m%s%ef A1 g3 Bl uRedHAgeN Wk die f%el&té.-i@b

I'ower than the pressure of the high presSure vessel for storing oxygen

and pu £ Vgl & higHbt NR vl @R $heChAgH ﬁ&:ieg%u%ésb%?gie'ﬁc%@ N, ana
electrolysis cell. 51. The nethod for genéerating high pressure hydrogen

accor i it a8 e tabhic Wa8" £1F 1) i dierlihitle REERSIUI frbSALIHPYR

by 15 controlling the hydrogen pressure and oxygen pressure In respec
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52. The nethod for generating high pressure hydrogen accofding to arm

Wher ei th® WIYHBERE shtel hrars Waite@dr By asvii e 2419 1hHG MY &% 218 PhAedd Lt he
pure water pipe |lines connecting between respective high pressure vessels.

53. Then rétie10d dippreaaeird pigteNvaBeRr 2E8HI afl O PD6M 36 Q¥ G 9:@@&3&&31,
wherein pure water is transferred by switching the val ves 25 connected to

pure vekpded PesteDeg60bP! tARiINGS RATantadY BT RREsUWE. vessel s and
provided in respective vessels. 54. The nethod for generating high pressure

hydrogen accurxk nwatler Ckateplehishé@neitd the niadly preasarabhebasa vor eddiey
are subnerged 90 in pure water in the high pressure vessels. 55. The

net hodtdmk Endyatilbgihiggbhpresbvee 188lrager33ccandi by dperdwg rethel vames£i n
the valves are automatically switched with a 5 pressure controller provided
i 10a p28& andt 237 pi (fhd hhghqmexd sure prypeatvesesdil g6 2pt £isvla tedsbelSl.odtng
The net hodf or generating high pressure hydrogen according to Caim49 or
50, the valves 238 and 239, and pure water in the pure water replenishing
tank 240 is sent into the high pressure pure water feed vessel with
a pump 232 through an ion-exchanger tower 233 and filter 234.
Resistivity of pure water is measured with a resistivity meter

156 235. Pure water is circulated through the ion-exchanger tower 233
for ion-exchange treatment until the resistivity becomes higher than
the prescribed value, since the catalyst electrode of the electrolysis
cell 201 is poisoned and the service life of the electrolysis cell
201 i1s shortened when the resistivity of pure water is high.

46 The inside of the high pressure pure water feed tank 241 is filled
with pure water while enabling alr 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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10 wherein the volume of pure water stored in the high pressure vessel for
storing hydrogen is controlled to be larger than the vol une of oxygen
stored in the high pressure vessel for storing oxygen, and wherein the

vol une of pure water stored in the high pressure vessel for storing oxygen
i.S cogéfgééggego be | arger than the volune 15 of hydrogen stored in the

hi gh essSure vessel for storing hydrogen. 57. The nethod for generating

hi gh pressur accordi.ng iy 4 r ein the yol of
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accor dj@gef 0288y one of Claims 44 to 47, wherein pure water having a high

25 resistivity after de-ionization and containing small nunber of bubbles
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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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10f <10%&' () - S50409&' ()-f L3 100& ()- 1940%& (

| dEnb @84 'denldés @) héﬂ%ﬁén?&[@& Vs, ﬁs@h@@pﬁke%&@&’@ suppT?88 %o (Hhe
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10%&' (9180.0LB1 ¢3i3%WR20)- 8&#$$%@Kmﬂﬁ@ﬁ§§ﬁétﬁ9elothe reference numeral
10f <s109%&' ()-5%40%& ()-S3 (109%& ()-3,%0% ()-f* (109 ()- % &Pp&&&;

'  aBYNCD S it/ @n( lecti@¥81(re V& 0%Rce) tPhE 1DIE). (Meter, the reference
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z&10%& e r &4 02K5 (Jend U (ure” watet dischargel®ipe line, the reference
10y=10%' ()-5%40%& ()-y3s' 109%& ()-, %d0%& ()-y&*

(109%& fymét&aa 0280 (denoted. an. é Lot r10aYiNedibrahcel@yBe( leviel meter, the
109%& () -s$109%& ()-19%0% ()- !',y(109%& ()- 10//01P111dE7/
10LY%R10eRe ¥ ngedoute gl 22U08&h O res(d T at) type level meter, the reference

10 numeral 225 denotes a water feed port, the reference numeral 227

denotes a pump, the reference numeral 228 denotes an ion-exchanger
tower, the reference numeral 229 denotes a filter, the reference

numeral 230 denotes a pure water resistivity meter, the reference
numeral 231 denotes a float type level meter, the reference numeral

15 246 denotes an emergency oxygen discharge port, the reference numeral

247 denotes an emergency oxygen discharge 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,
<) 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 showing 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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The sensor 320 comprises a light shielding plate 319 movable
in cooperation with the external magnetic body 305; a display plate

0 316 comprising openings 317 and 318 shielded by the light shielding
plate 319; and a photoelectric meter (not shown) for converting the
transmission luminous energy of the light after pei‘meating 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 is 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,

40 respectively.

Since a fluid such as a machine o0il 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 is 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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5 pipe line 313, a spring 314 expands while a spring 315 contracts by
the differential pressure, and the internal magnetic body 305
displaces to the oxygen pressure compartment 311 side by being pushed
by fixing bars 302 and 303 to a position where the differential pressure
balanced with the force by expansion and contract of the springs 314

10 and 315, respectively.
Since the internal magnetic 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 lumlnous 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 i1s 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 line 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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magnetic body by measuring the luminous energy was explained in the
description above, this measurement may be performed using a slide
resistor. A slider is fixed to the external magnetic body 305, and
the slider is made to slide on the slide resistor in harmony with the
displacement of the slider integrated with the external magnetic body
305, thereby measuring the distance of displacement of the internal
magnetic body 304,

Figs. 11A and 11B are a cross section and side view, respectively,
showing 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;
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
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
up by the pressure of pure water transferred through the connection
pipe line 338 is 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 is also possible to tighten
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111 98 1 ochel ht%g%&ré)atﬂ@&%&éiiﬂg(tlfb%n&iﬁ)unit 330 of the valve becomes

5 higher than the pressure of pure water in the connection pipe line
338. When the pressure of pure water in the connection pipe line 338
is further increased, the level of the cylinder 331 exceeds the level
of the discharge port 332 to allow pure water in the connection pipe
line 338 to be discharged from the discharge port 332 to consequently

10 reduce the pressure in the connection pipe line 338. When the

| discharge port 332 is formed into an inverse trlangle, the amount of
pure water dilscharged is reduced when the differential pressure is
large while it is 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 is 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

«J 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 351la.

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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108& (9red¥¥ dend® hlnrhls 359a and 359b denote nuts for fixing the £fixing
jigs 357a and 357b, respectively: the reference numerals 360a and 360b
denote insulating plates; the reference numerals 36la and 361b denote
washers; the reference numerals 362a and 362b denote lead wires: the
reference numerals 363a and 363b denote washers; the reference

') numerals 364a and 364b denote nuts for fixing the central electrodes

350a and 350b; and the reference numerals 365a to 367b denote o-rings.

When the central electrode 350a and external electrode 350b in
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 insulating cylinder 368 and

ZO 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 351a not
covered with the insulating cylinder 368 is 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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of pure water, since the level is corrected by measuring Rr.

Since the gases such as hydrogen and oxygen is electric
insulators, the electrical resistance between the lead wire 364a and
the ground is determined only by the electrical resistance of pure

10 water in which the central electrode 350a and external electrode 350b
are dipped, and the effect of the electrical resistance of oxygen or
hydrogen may be ignored.

Since all the materials as well as the central electrode 350a
and external electrode 350b have excellent pressure resistance in

15 structures and characteristic the level meter 250 may be used with
no limitations of pressure as in the conventional float type level
meter.

Although the materials of the electrode may be corroded by
electrolysis when an electricity is applied between the electrodes

2 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 precious metal such as titanium or platinum that
is resistant to corrosion. Furthermore, since the electrical

25 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 vessl_el of pure water

and oxygen 262,
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generated in the high pressure hydrogen vessel 202 as in the system

5 previously described. While the system also comprises the high
pressure oxygden vessel 262 for storing pure water to be electrolyzed,
returned pure water and oxygen generated, it comprises a pressure
controller 270 in place of the differential pressure sensor 253, and
the discharge valves 208 and 217 are omitted therefrom.

0 The pressure controller 270 functions for alleviating the
differential pressure 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 differential 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 is pushed back to
the high pressure hydrogen vessel 202 from the pressure controller

ZO 270. Consequently, the pressure in the high pressure oxygen vessel
262 is reduced as the volume of pure water decreases with 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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is maintained at a prescribed pressure by controlling the amount of
electricity supplied from the power source 261 to the electrolysis
cell 201, the method for replenishing pure water to and discharging
pure water from the high pressure oxygen vessel 262, and the method
for discharging pure water from the high pressure hydrogen vessel 202
are the same as those described in the system in Fig. 9, descriptions
thereof are omitted.

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
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
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 is 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
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
58



,10% & ()-!~y& (10%/ el & ()- "9%A0% & ()-y '10% & ()- h&GdEXY: ! ly;

| %4.0% & ()- 9%40% & ()-S7 "10% & ()-510% % ()-y3' 10% & ()- 1nPd0% & () - ObC !

| SY0%& () - 9A0%: () -1t 10%: ()- y L0% ()- 107 10/ 10/ = 10%& ()-fJIdBOC |
Ipf (10% ()- Z"10%' ()- 10%' ()- @HO%! ()- 9% 0% ()-3 ' 10%& ()- JV'fdEbC

ULt 0 e A e o o

109& (is.@%@&%&)afﬁf’@?&hé?‘@?é&&}e g 5;&{@:& ésiag%?'e@f tRel Y& d1s,
1#10%&' () -, 0G' 10%& ()-ay_= ?

"10%: {he 1 dSMDA @1115%3:03;910/5!9%%1:( %bﬁ%@i‘ﬁi&%@ﬂ 'tnd ELhRUE b2 {N@ md 1Pk

cylinder 370.

5 Accordingly, when the pressure in the high pressure oxygen
vessel 202 becomes higher than the pressure in the high pressure oxygen
vessel 262, pure water in the high pressure oxygen vessel 202 flows
into the hollow cylinder 370 from the pipe line 375 to reduce the
pressure in the high pressure ongen vessel 202. Consequently, the

0  internal slider 371 is pushed so as to increase the volume of pure
water 384 by allowing pure water to flow into the hollow cylinder 370,
and pure water 385 overflowing due to the reduced volume flows into
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
zO 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 is 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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The positional sensor 400 for comparing the luminous energy of

the pressure controller 270 has the same construction and function
5 as those of the sensor 320 of the differential pressure sensor 253.

The volume of oxygen discharged from the oxygen discharge port
245 are controlled by controlling the aperture of the needle valve
243 so that the internal slider 371 always stays at the central position
as described above. Therefore, high pressure hydrogen can be

") generatedwithout applyingadifferential 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 Dbe 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
is 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 fhe 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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to directly flow into the high pressure oxygen vessel 262 through the
by-pass flow passageway 374 indicate that some abnormal states have
emerged to make it impossible to control the operation of the system

5 only by controlling the aperture of the needle valve 243 by the
controller (not shown). Accordingly, an emergency shut-off switch
(not shown) and emergency discharge valves 247 and 258 are provided
for emergency stop in these abnormal states, whereby the power source
261 of the electrolysis cell 201 is shut down while all the valves

'0 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 is 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

ZO 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, x50% 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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controller 270 with an intermediate shut-off valve 420, and switches
411 and 412 for switching the valve.

In the pressure controller 270, the internal slider 371 permits
the cut-off valve 420 to open by means of the switches 411 and 412
at both ends, when the differential pressure is increased beyond the
controllable level by the displacement of the internal slider 371 and
the internal slider 371 causes the spring 383 to contract. For example,
pure water in the high pressure hydrogen vessel 202 is allowed to
directly flow into the high pressure oxygen vessel. 262 through the
pure water pipe line 413 so that the differential pressure 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
pressure hydrogen according to the invention.

The electrolysis cell 503 that is a double polarity
multi-layered type electrolysis cell 1s housed in the high pressure
hydrogen vessel 502 in the vertical direction.

As 1s evident in Fig. 17, the electrolysis cell 503 comprises,
between 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
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 is compressed to the downward with a
compression jig 523 compressed with a spring member 519.

The compression jig 523 comprises a cylindrical main unit 518
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u@?lwéék%ég jigmgfﬁed on the electrolysis cell 503, a spring member 519
attached in the main unit 518 of the jig, and a press screw 520 having
one end secured in the high pressure vessel 502 so as to energize the
spring member 519. While one set of the compression jig 1s shown in

5 Fig. 17 for the convenience of illustration, a plurality of the

compression jigs are symmetrically arranged to evenly compress the
electrolysis cell 503. However, the electrolysis cell 503 may be
compressed by a hydraulic pressure except compression by the spring
member.

10 The electrolysis cell 503 is formed by laminating a plurality
of double polarity electrodes 507. A discharge passageway A of oxygen
and pure water is provided by forming permeation holes 509 on the outer
circumference of each double polarity electrode 507 so as to
communicate the holes with each other in the vertical direction.

15 Discharge ports 512 of oxygen and pure water are formed at the anode
side of each double polarity electrode 507 to face the gas discharge
passageway A, and oxygen generated and pure water not electrolyzed
are discharged to the outside of the high pressure vessel 502 through
the discharge port 512, oxygen and pure water discharge passageway

ZO A and oxygen discharge pipe line 542. A hydrogen and pure water
discharge port 510 1s formed, on the other hand, in the radial direction
in order to directly discharge hydrogen generated from the cathode
and permeating pure water into the high pressure vessel.

A pure water feed passageway B is formed at the center of the

25 electrolysis cell 503 for feeding electrolysis pure water through
permeation holes 508, which are formed at the center of each double
polarity electrode 507 so as to communicate with each other in the
vertical direction. This pure water feed passageway B is connected

to a pure water feed pipe line 547 for feeding pure water from the
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~}"SH= 10 10 1ead wire 532 for supplying an electric power from the outside
5 1s connected at the top of the electrolysis cell 503.

While the compression force on the polyelectrolyte membrane 506
is adjusted not to crush the polyelectrolyte membrane 506 for
compressing it with the compression jig 523, the allowable range of
adjustment is so narrow that the polyelectrolyte membrane may be

0 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 is formed into a ring using a
material such as a plastic being excellent in electrical insulation.
While the relation between the thickness of the polyelectrolyte
membrane 506 and the thickness of the seal member 524 should be
appropriate for attaining seal characteristics, it can be confirmed

40 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

25 and seal member 524 is changed, or a seal material with a proper
thickness is 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
64 |



10 10@109%& ()-5%0% ()-vy,,3(10% ()-'!y,, 3(10% ()-!y"3(10% () - 1D~WUBSH=
10m(10% & () -!ym(109AJU& ()-! Q@ (109AJU& ()-! ~@ (109AJU& ()-! @ (10% U

U& ()-!y(10%JU& ()-~)z[ <SH= 105%10%u&'() y. (10%U&()-|y

( 109AJUE () - \/\P/(iO%U&() " (10%JUE ( " (10%0U& ()-),-./B{Y7 10! (10% U

() Bmddbth Ot %3*9"{“&”%9 f&élx?lf%? YAPE PLRTRLNT S8
gg‘l 810%/ 1 5%@ Q}%ﬁi}(&)ge%ﬁéﬁ}?@%%é%i %:171&@%\)xre \mterlseed passageway
B and the electrode.
For preventing the polyelectrolyte membrane 506 and the sheet
5 of the seal member 524 from being crushed by the weight of the double
polarity electrode 507, it is desirable to restrict the number of the
laminated double polarity electrodes 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 source 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
<40 B to the porous electrode 511, when an electric power necessary for
electrolysis of water is 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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» (not shown). Hydrogen pooled in the high pressure vessel 502 is
retrieved from a hydrogen feed port 538 formed in the high pressure
5 vessel 502.

It is possible to reduce the differential pressure acting
between both ends of the polyelectrolyte membrane 506, and the
differential pressure acting at the seal member 524 between the double
polarity electrodes 507 sealed with the polyelectrolyte membrane 506 .

0 to zero, by controlling the oxygen pressure of a high pressure vessel
(not shown) for pooling oxygen to be equal to the hydrogen pressure
in the high pressure vessel 502. Usually, the differential pressure
between hydrogen and oxygen is controlled within the pressure
resistance of the electrolysis cell 503, in order to protect the

15 polyelectrolyte membrane 506 from 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

ZQ electrolysis cell 503 shown in Fig. 17. The electrolysis cell 503
is 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

256 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

pressure vessel 502 is provided at the anode side of each member, and
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| at the cathode side of each member.

A permeation hole 508 for forming the pure water feed passageway

5 B for feeding electrolysis pure water is provided at the center of
each member except the main anode 505, and a pure water feed port 508a
for feeding pure water to the anode is formed within each double
polarity electrode 507. A seal member 505a for sealing the terminal
of the pure water feed passageway B, a hole and a pure water fegd port

0 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 is 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 pure 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
1s retrieved to the outside of the high pressure vessel 502 through
the oxygen discharge pipe 1line 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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Each member constituting the electrolysis cell 503 in Fig. 18
has positioning grooves 522 at the outer circumference in the axial
direction in order to facilitate assembling of the members.

Fig. 19 illustrates a flow pattern of pure water supplied to
the anode of the electrolysis cell. The arrows in the drawing show
pure water streams. Pure water is supplied from the pure water feed
passageway 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 being 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

discharge ports 512 that are symmetrically arranged.
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According to the system and method of the invention for
generating hydrogen, high pressure hydrogen required as hydrogen
utilized as an energy may be safely generated without using any gas

5 compressor. Hydrogen may be generated even by using frequently
varying natural energies such as solar power, thereby permitting the
invention to manifest excellent effect for preservation of the
environment such as prevention of the greenhouse effect by carbon
dioxide, elimination of adverse effect on human health by nitrogen

"0 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 caution is 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 poisoning of the electrode due to impurities in hydrogen and

25 shortening of the service life of the cell, may be prevented from
occurring. Moreover, the hydrogen vessel is possible to be
small-sized since hydrogen is 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
69



NLNOPHQRR RzX9. 7 10 U@10% U& ()-!d7940% U U& ()-!) (10%}& ()- !~VO)
(1098JU& ()- !p '109% Ut U& ()- SF"10% U& ()- RRRRRST&UIB7 10 Ul k
(109 UXU& ()--1f > (10%UsU& ()-!k (109&KUxU& ()-!f[ (10%UsU& ()-10% U& ()-
10 U 10 UGQUWIRKOOOMXMB? 10 U 10 U 10 U 10 U@=10% U& ()-![7940% U

ug () -d 1%13'; %%&%}\Qr{@ﬂiﬁé(&n@% EruiBi 0@ Y o Ry LB MET

10!k

EJ 10% lﬂ%&}é\éit’%lﬁy AL { 4 20 PYE HPRRE 448 £ £oh BESLAQL B £ bbi A 10%
()-\8 z[ PE: ! 0

Since the electrolysis cell is 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

) 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
efficiently 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

40 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 in the future.

A tapered trough hole is formed from the inside of the high
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%10%3%49 co(nggéﬁ‘ghﬁirogen and oxygen generated and pure water, to penetrate
‘ through the side wall of the high pressure vessel, and the through
holes are sealed with wedge-shaped cores to enable 'the through hole
5 to be hermetically sealed without welding. In addition, the fine
tubes are branched in the high pressure vessel to reduce the
differential 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.
0 However, a plate material having an optimum thickness for welding may
be used when the pipes are joined by welding, or commercially available
pipe joint 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 coilé 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.
Acclording to the invention, the pressure in the vessel is
40 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 readily control
the pressure. In addition, high pressure hydrogen of 350 atom oxr more
25 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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O pressure control means that permits the differential pressure to be

controlled by discharging a small amount of pure water.

Since the differential pressure can be reduced with a smaller
amount of pure water as the pressures of hydrogen and oxygen are higher,
an optimum effect may be expected by applying the method for generating

‘Q high pressure hydrogen for utilizing 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 is stored in the high pressurle 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

zO 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 hydrogén vessel, respectively. In addition, the
system, where the volume of pure water in the high pressure hydrogen
vessel is made to be larger than the volume of the portion where oxygen
1s stored in the high pressure oxygen vessel and the volume of pure

water in the high pressure oxygen vessel is made to be larger than
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hydrogen vessel, prevents hydrogen in the high pressure hydrogen
vessel from flowing into the high pressure oxygen vessel before oxygen
in the high pressure oxygen vessel has been completely leaked and the

5 vessel is replaced with pure water, even when the pressure in the high
pressure oxygen vessel is decreased by leakage of oxygen in the vessel
due to malfunction or some troubles of the system, and pure water in
the high pressure hydrogen vessel happens to flow into the high
pressure oxygen vessel. In other words, an accident of forming the

0 detonating gas may be avoided, since oxygen in the high pressure oxygen
vessel never flows into the high pressure hydrogen vessel before
hydrogen in 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 is 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

AO 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 is 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
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and the upper part of the electrolysis cell is held by being compressed
with compression jigs. Consequently, the cell diameter may be reduced
to be smaller than the diameter of the high pressure vessel itself.
In particular, although the thickness of the wall of the high pressure
vessel should be increased in proportion to the square of the diameter
of the vessel, the diameter 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
diameter of the high pressure vessel may be reduced accordingly. As
a result, the thickness of the wall can be reduced to 1/2 to 1/4 of
the thickness of the wall of the conventional vessel.

However, since the area of the portion contributing to
electrolysis of the polyelectrolyte membrane as an effectively
functioning part of the electrolysis cell is not reduced by reducing
the cell diameter, the efficiency of electrolysis may be remarkably
improved without decreasing electrolysis 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.

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 avoiding the gas from leaking
through the seal member.

Pure water is supplied 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
74



U 10 US =10% U& ()-5%0% U& ()-yf &3(10% U& ()-SI GdE_@10!!! 94.0% U& () - &10%
U& ()-s9%40% U& ()-& &10% U& ()- y94.0% U& () - npd0% U& () - & owdE_@

10111, 694.0% U& ()-3(10% U& ()-,S, 940% U& ()- * (10% U& ()-,"940% U& () -
'10% U& ()-wz{|};{Y7 101111 ~V9 (10%/e/ & ()-'t (109%/[/& ()-3!t

(10% /\[érgt:(éaf' 41D Loh) at 10nk ARolel g%g%%%u& @&eogc}épﬁggégi&ﬁyl‘)/

10/ 10/ SI=10% & ()-!s969%d0% / & () -!
(10% & {AcRURBSHE MY UM (it dmt OEaR) o pure water is Formed

from the center of the electrolysis cell toward the periphery thereof,
thereby preventing PEM from being locally heated, and pressure

5 resistance from being decreased by local softening of PEM.

Since hydrogen generated at the cathode and permeating water
are directly discharged into the high pressure vessel from an exhaust
port of hydrogen and the like formed at the periphery at the cathode
side of the double polarity electrode in the invention. Consequently,

10 the diameter of the electrolysis cell may be further reduced.

Since the porous feeder having a polished surface is 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 avoided fromdecreasing, 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,

ad 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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-a sreefehd¥e the hydrogen energy is stored and used in large scale.
High pressure hydrogen obtained in the invention may be also
effectivelyusedinvariousfilmdepositionprocessesforformingthin
5 or thick films such as silicon oxide films, various CVD films and
epitaxial growth films in the conventional semiconductor production
processes using hydrogen, as well as in heat treatment processes,
prevention of corrosion in cooling water pipelines in atomic power
plants and cooling system in thermal power plants, and in ceramic and

10 fine ceramic industries.

Production costs should be particularly cheap for producing
hydrogen for currently required industrial uses. Since hydrogen may
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 utilizing the energy obtained by using midnight

40 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

26 tends to be increased 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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inhibiting wide use of the hydrogen generator. However, since
generation of high pressure hydrogen is possible in the invention,
hydrogen may be stored in cheap high pressure gas cylinders that have
been usually used, and any special countermeasures for backup is not
needed.

Although a buffer tank for averaging variation of consumption
is needed when hydrogen consumption largely varies with time, such
tank 1s expensive while requiring a large installation space. However,
since cheap high pressure gas cylinders that has been used for
supplying usual hydrogen may be used as the buffer tanks in the
invention, the installation cost can be largely reduced. The effect
of the invention is not restricted to production of hydrogen for energy
uses, and a vast amount of advantages are given to the production of

hydrogen for industrial uses.
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electrolysis of pure water using an electrolysis cell comprising
polyelectrolyte membranes,
5 whereln an electrolysis cell disposed in a high pressure vessel

that also serves as a storage tank of hydrogen generated.

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 controllinga differential
pressure between the inner pressure of the high pressure vessel for

;.0 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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wherein the pressure control means is provided for measuring

the pressures of respective high pressure vessels and adjusting the

5 differential pressure to a pressure below the pressure resistance of
the electrolysis cell by discharging hydrogen or oxygen through the
valves provided at respective high pressure vessels being switched

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 1in 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,

J wherein the pipe lines communicating with pure water in the high
pressure vessels comprise two pipes of a pipe 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 wvalve has a triangular discharge port.

9. The system for generating high pressure hydrogen according
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(10% B} B& ()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 is comprising a light shielding plate
interlocked with the external magnetic body, an aperture plate having
an opening shielded with the l1ight shielding plate, and a photoelectric
meter for converting the luminous energy permeating through the

J 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 hy.drogen according
to Claim 3 or 4,

wherein the pressure control means is provided in the pipe line
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of pure water in 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 allowing pure water in
respective high pressure vessels to move, 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

!  close contact with the outer surface of the hollow cylinder,

14. 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

256 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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5 16. The system for generating high pressure hydrogen according
to Claim 13, wherein the hollow cylinder has a net volume equal to
or smaller than the smaller one of either 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

plurality of fine tubes branched in the high pressure vessel.

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 pipe 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, wherein 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

J 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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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 in the high pressure vessel for storing oxygen,

J 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 ion-exchanger tower, and

the pipe line for returning oxygen and pure water being disposed

25 Dbetween 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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(10% Wedsel HEP%UEE{ng F4éH¥an, and a needle valve interlocking with the
level meter, and

the level meter is provided for controlling the surface of pure

water so that the volume of oxygen collected in the high pressure vessel

10 for storing oxygen becomes 4% or less of the volume of the high pressure

vessel for storing hydrogen.

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
J 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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wherein the electrolysis cell is a double-polarity
multi-layered type electrolysis cell manufactured by laminating a
plurality of double-polarity electrodes comprising polyelectrolyte

9 membranes having catalytic layers formed on both surfaces thereof and

porous electrodes in contact with both surfaces of the polyelectrolyte
membrane,

the double-polarity electrolysis cell being disposed on a
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
toClaim 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, _

J 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 fof 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 being vertically

formed at the outer circumference of each double-polarity electrode

S0 as to contact the oxygen and pure water discharge port.
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a disk.

35. The system for generating high pressure hydrogen according
to Claim 31, wherein the polyelectrolyte membrane is fixed to the
double-polarity electrode with interposition of a sheet of seal member
provided at the outer circumference of the polyelectrolyte membrane.

10

36. The system for generating high pressure hydrogen according

to Claim 35, wheréin 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
toClaim 31, wherein the compressed double-polarity multi-layered type

electrolysis cells are disposed forming a cascade.

38. The system for generating high pressure hydrogen according
J 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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41. The system for generating high pressure hydrogen according
to Claim 31, wherein the double-polarity electrodes are laminated in
a vertical direction with the top face serving as an anode and the
bottom face serving as a cathode.
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.

J 44. A method for generating high pressure hydrogen comprising
the steps of:
generating hydrogen and oxygen by electrolysis 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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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

J 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,

wherein 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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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 tobe a 1ittle
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 is 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 is transferred by switching the valves
J  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 is transferred by switching the valves
256 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
90



S&10% U&' () -3y%d0% U&' ()-TZ"10% U& ()-!10% U U& () - wpppqVgqqdEYNC 10%10%
U&' ()-SY"10% U& ()-9%40% U& ()-940% U& ()- (10% U& ()- 9 10% U& ()-q

_rrr(s2sdeEYNC 10S, 10% U& () - & *9%40% U&' () - (%40% U&' () - &4 0% U& () -f $F"10%
U& ()- "10% U& ()- 2spsss$tcttdEYNC 10; %40% U& ()-9"10% U&' ()-5f10%

USL%(B)& %/? Mé)g%:%% 18%§é0§&%0%§5%)"1 % tttttt" u$u’ ubC 10F=

55. The method for generating high pressure hydrogen according
to Claim 51, wherein the valves are automatically switched with a
5 pressure controller provided in a pure water pipe line coupling

respective high pressure vessels.

56. The method for generating high pressure hydrogen according
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 large'r 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, wherein the volume of oxygen stored in the high
pressure vessel for storing oxygen is controlled to be within 4% of

J 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 is used for electrolysis.

59. The method for generating high pressure hydrogen according

to Claim 58, wherein pure water for electrolysis supplied froma high
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