RENEWABLE ENERGY AND ENERGY CONSERVATION TECHNOLOGIES

HIGH PRESSURE HYDROGEN ELECTROLYZER
FOR AUTO AND INDUSTRIAL APPLICATIONS

Description
Offered electrolyzer design employs a new method of sepa-
rating the processes of gas (hydrogen and oxygen) liberation
in time. Therefore, operation of electrolytic system becomes
cyclic, that is, it consists of alternative cycles of hydrogen
liberation and oxygen liberation.Separating in time the
processes of gas liberation is possible if one of the water
electrolysis products is accumulated in an electrochemical-
ly active compound found in the electrochemical cell in the
liquid or solid phase (active electrode). This does not
result in a dramatic change in the volume of this compound,
and allows obtaining the second component on the passive
electrode in the form of gas without any separating mem-
branes. Then, with polarity reversal, the cycle of the accu-
mulated component liberation takes place on the elec-
trodes. During the processes, gas pressure can be limited
only by solidity of constructional elementsand the thresh-
old of gas solubility in electrolyte. In practice, the actual
pressure level is within 70.0 MPa. The proposed elec-
trolyzer option can ensure production of 5 nm® of hydro-
gen per hour under the pressure of 120 atm without using
a COMPressor.
Key electrolyzer cost-effectiveness indices are:
- installation efficiency is 75-80 %;
—  power consumption for producing 1 m® of hydrogen
and 0.5 m® of oxygen is up to 4.3 kW;
— dimensions of the plant: width 670 mm, depth

560 mm, height 2550 mm.

A method has been developed which allows main-
taining the activity of electrode materials at a sufficiently
high level, and to extend the nomenclature of materials
suitable for design of fuel cells. This method involves prac-
tical implementation of technology which allows to main-
tain activity of electrode materials at a specified level by
selecting operation regimes which provide for self-regener-
ation capability of electrochemical systems.

Innovative Aspects and Main Advantages

The advantage of using a high pressure electrolyzer is that
it can utilize non-conventional electric power and accumu-
late high-pressure hydrogen. So, it can generate electric
power by operating as a fuel element. The novel feature of
the technology offered is that the reversible electrochemi-
cal cell employs a unique regeneration technology allowing
to remove the sponge (dissolve or transfer it to an auxiliary
electrode), and then deposit it on the working electrodes in
the same electrolyte that is used when the fuel cell operates
in the standard regime. The proposed system excels other
known systems of hydrogen accumulation and use in:-
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Fig. 2. Electrode stack

Fig. 1. Operating prototype of a
high pressure electrolyze

—  technical level;
—  simplicity of assembling and service;
—  reliability and safety.

Area of Application
High pressure electrolyzer is intended for wide use on
objects with renewal sources of energy , and also in the
industries using hydrogen as the technological product
(chemical, metallurgical, food industries etc.)

Generation of high-pressure hydrogen allows to con-
sider developed electrolysis equipment as an element for
the infrastructure of automobile hydrogen filling stations.

Stage of development
Operating prototypes of a high pressure electrolyzer have
been developed.

The system has undergone laboratory and full-scale tests
at SDB "Yuzhnoye" (Dnepropetrovsk) and in Southern
regions of Ukraine, in particular, in Crimea. It is patented.

A stand model of electrochemical cell working as fuel
cell has been developed. It is patented.
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BIAHOBJIFOBAHA EHEPMETUKA TA TEXHOJIOri EHEPrO3BEPEXKEHHS

EJIERTPOJIISEP BUCOROI'O TUCRY

02120 nponosuuii

Y nporioHoBaHiil KOHCTPYKIIII €JeKTposizepa BUKOPUCTO-
BYETBCS HOBHII CIOCIO MOy MPOIECiB BUIIJIEHHS Ta3iB
(BOIHIO i KHMCHIO) Y Yaci, ToOTO mpoIiec pobOTH eeKTPO-
JITUYHOI CHCTEMU CTAE€ IUKJIIUYHUM i CKJIAIAETHCS 3 TAKUX,
Jle YepryIoThCs TIepioin BUiIeHHs BOAHIO i kucHio. [lomin
y 4Yaci mporieciB BU/IIJIEHHST Ta3iB MOXKJIMBO Y BUITAJKY Ha-
KOITMYEHHSsT O/THOTO 3 TIPOJIYKTIB €JIEKTPOJIi3Y BOJM B €JIeK-
TPOXIMIUHO aKTUBHIH CIIOJIYTI, sSTKa 3HAXOIUTHCS B €JIEKT-
poximiuHiiT KOMIpIl B pifiKiit un TBepiit dasi (aKTUBHUI
€JIEKTPO.L), 110 HE IPU3BOAUTD 10 CKUIBKI-HeOY /b 3HAUHOT
3MIHU 00'€MY TI€l CIIOIYKH i I03BOJISIE OTPUMATH APYTHIA
KOMIIOHEHT Ha MACUBHOMY €JIEKTPO/i y BUIJIsIIL Ta3y Oe3
3acTOCyBaHHsI Oy/b-SIKMX PO3ALMIOBAIBHUX MeMOpaH.
[ToTiM TIpy 3MiHI TIOJISIPHOCTI Ha €IEKTPOIAX BiIOYBAETHCS
IIUKJI BUJIIJIEHHST HAKOIIYeHoro koMmnonenTa. [Ipu mpomy
BeJIMYMHA THCKY Ta3iB Moxe OyTu oOMeKeHa TiIbKu
MIIIHICTIO KOHCTPYKTHUBHUX €JIEMEHTIB i ITOPOTOM PO3YUH-
HOCTI Ta3iB B eJeKTposiTi. Peasbno pocsaraytuii Ha mpak-
THUI piBeHb THCKY ctanoBuTh 70,0 MITa. Po3pobiioBaiib-
HUI BapiaHT eJieKTpoJidepa 3abe3rneuynThb OfePKAHHS
5 HM® BOJHIO B TOIMHY IIPH THCKY 120 aT™. 6€3 BIKOpHC-
TaHHg Kommpecopa. OCHOBHI TeXHIKO-eKOHOMiUHi TTOKa3-
HUKH [[IT0Y0TO 3pa3Ka eJIeKTPOJIi3epa BUCOKOTO TUCKY:

—  KK/I ycranoBku cranoButb 75—80 %;

—  BuTparu exeprii — 4,3 kBt Ha BupoGHuITEO 1 M® BOA-

Hio Ta 0,5 M° KUCHIO;

—  rabaputu ycTaHOBKH: mupuHa 670 MM, TambuHa

560 MM, Bucora 2550 mMm.

Po3pobiieHO MeTO[I, SIKUil 03BOJIsIE 30€PerTul aKTUB-
HICTb eJIeKTPOJHNX MaTepiasiB Ha JOCUTh BUCOKOMY PiBHI
i PO3UIUPUTH TEPeJIiK MaTepiasiB, MPUAATHUX JIJIsI KOHCT-
PYIOBaHHS MAJUBHUX eJeMeHTiB. Bin 1moB'si3anuit 3 peasti-
3aIi€10 TEXHOJIOTI, 1110 3a6e3Meuye MATPUMKY aKTHBHOCTI
Ha 33/[aHOMY PiBHI eJIeKTPOJIHUX MaTepiasiB, MIJISXOM BU-
60py pesKUMiB poGOTH, sIKi 3a6€31eUyI0Th 3[MaTHICTD €JIeK-
TPOXIMIUHUX CHUCTEM JI0 CAMOpeTeHepallii.

Hoeuszna ma ocnogHi nepeesazu

[TepeBara BUKOpHCTaHHS €JIEKTPOJIi3€pa BUCOKOTO THCKY
[0JIATA€ B TOMY, 110 BiH MOXKe BHUKOPHUCTOBYBAaTH HEKOH-
JIULIITHY eeKTPUYHY eHeprilo i HAKOIUYyBaTU BOJIEHD ITPU
BUCOKOMY THCKY, & TAKOK BUPOOJISITU €JIEKTPUYHY €HEpTilo,
paioodn K najguBHuii exement. OcobuBicTIO 3ampo-
ITOHOBAHOI TEXHOJIOTI € Te, 1110 B aJUBHOMY eJIeMeHTI BU-
KOPUCTOBYETHCS eJIeKTPOXiMiuHA CHUCTeMa pereHepariii,
SKa JI03BOJIIE BUAAIATH (YU TIEPEHOCUTH HA JIOTIOMI>KHUIT
eJIEKTPO]), & MOTIM OcaIKyBaTh ryOKy Ha po6oUi eJIeKTPO-
I, Y TOMY 3K €JIEKTPOJIiTI, [0 BUKOPUCTOBYETLCS IIPU PO-
60Ti TAIMBHOTO eJleMeHTa B mTatHoMy pexkumi. [To cBoe-
MY TEXHIYHOMY PiBHIO, TIPOCTOTI MOHTaXy U 0OCIyroBy-
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Puc. 2. Enexrpouuii 610K

Puc. 1. 3aranpHuii BUIIISIT MaKeTy
JTOCJI/THO-IIPOMUCIIOBOI YCTAaHOBKH
posnineHns 6iorazy

BaHH, HAAIHHOCTI 1 Ge3Iell, 1 cucTeMa TepeBepIye Bi-
JIOMi 3pa3KH CHCTEM, 110 320€3MeYyI0Th HAKOITUYEHHS i BU-
KOPUCTAHHS BOJIHIO.

TIanysi 3acmocyeanns

Pospobka npusHauena Ajs IMUPOKOMACIITaOHOTO BIIPOBa-
JUKEHHS Ha 00'€KTax, IKi BUKOPUCTOBYIOTH BiZIHOBJIIOBAIbHI
JiKepeJsia eHeprii, a TAKOK B ITPOMUCJIOBOCTI, e BOJICHD BU-
KOPUCTOBYIOTH SIK TEXHOJIOTIYHUN MPOAYKT (XiMiuHa, Me-
TaJIypriiiHa, Xapyosa Ta iHIIL).

Tenepaiiisi BOAHIO BUCOKOTO TUCKY /I03BOJISIE PO3IJLS-
JaTH po3pobIieHe eJIEeKTPOJIi3HE YCTATKYBAHHS Yy SKOCTI
eJIeMeHTy iH(PACTPYKTYpU aBTOMOOIIBHUX BOJAHEBUX 3a-
[IPAaBOYHUX CTaHIH.

Cmadis po3pooxu

—  CrBopeHo [ilounii 3pa3oK eJeKTpoJiizepa BUCOKOTO
tucky (Puc. 1, 2)

—  Pospo6ka npoiiiia 1abopaTopHi i HaTypHi BUIIPoOy-
Banus B JIKB "lliBgenne" (M. /[HinporeTpoBchK);
MiBJICHHUX perionax YKpainu, 3okpema B Kpumy.

—  Pospobieno cTenaoBuil 3pasok eJeKTPOXiMIYHOT KO-
MIpKH, sIKa MPAITIOE SIK MaJTUBHUN €JIeMEHT.

—  Pospobka 3axuliieHa raTeHTaMu YKpaiHu.

Konmaxmmna ingpopmauis

IucruryT npobaem marmunobyaysanas HAH Ykpainu
Conogeit Bikrop BacuiaboBuy, /1.1.H., mpodecop, 3aBiayio-
YU BIJI1JIOM
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