202293015 Al

(19) EBpa3unckoe @) 202293015 13 A1l
naTeHTHOEe
Be4OMCTBO
(120 OMUCAHUE U30BPETEHUA K EBPABUMCKOM 3ASIBKE
(43) Aara ny6nukauum sasiskm (51) Int. Cl. HOIM 8/18 (2006.01)
2023.05.17 HOIM 8/20 (2006.01)
HOIM 8/0273 (2016.01)
(22) [ata nonaum 3aaBku
2021.05.19
(54) BUHAPHBIE KATAJIMTUYECKUE CUCTEMBI (COKATAJIU3ATOPLI) HA OCHOBE
KHUCJIOTBI/OCHOBAHUA JIBIOUCA/BPEHCTEJIA U ®OCO®UJIA HUKEJISA
JJIA TPSAMOTI'O SJEKTPOXUMHUYECKOI'O BOCCTAHOBJIEHUSA CO, 10
YITIEBOAOPOIOB
(31) 16/878,165 (72) Waobperatens:
(32) 2020.05.19 Jducmbioke Yapas3 I., JTaypcen Angepc
(33) US bo, KaabBunbo Kapuu Yte JIéan (US)
(86) PCT/US2021/033119 (74) Mpoacrasmons:
(87) WO 2021/236746 2021.11.25 PeA '
Hunosa M.H. (RU)
(71) 3assurens:
PYTI'EPC, 3E CTEUT
IOHUBEPCUTHU O® HBIO-I’KEPCH
(US)
(57) Ommucanbl KaTo/ibl, COfIEPKAILIE TPOBOJIAILYIO HECYIILYIO MOIOKKY, AMEIONLYIO SEKTPOKATATUTHYECKOE

MOKPBITHE, CONeprKaliee HaHodyacTUIpl (ochuma Hukens U cokaranusatop. [IpoBojsimias Hecyras
MOJJIOKKA MOXKET BKJIIOMATh B ce0sl Marepuall, MOJIeKAIHii BOCCTAHOBICHHUIO, Takoi kak CO, wiu
CO. CoxkaramuzaTop, BKJIIOYCHHBIA B PACTBOP AICKTPOIUTA WM B TIPOBOIAIIYIO TIOMIOXKKY, WA
aJIcOpOMPOBAaHHBIN HA KATOJHOM Marepuaie, OCAKICHHBIA Ha KaTOIHOM MaTepHase I BHEIPCHHBIN
B 00bEM KaTOJHOTO Marepualia, M3MEHSET CBOMCTBA 3JIeKTPOKATAIN3ATOPA, YBEIUIUBAs CEIEKTUBHOCTD
10 YIIIEPOACOACpKAMIEMY TIPOIYKTY IMOCPEACTBOM B3aUMOJICHCTBHUI C MPOMEKYTOUYHBIMH TIPOAYKTaAMHU
peaKLu/m. TaK)Ke OIIMCAHBbI E)HGKTpOXI/IMI/I‘-IeCKI/Ie CHOCO6LI CCIICKTUBHOI'O nonyqum[ yrneBo,uopoqulx
7/vn yrreBogHBIX poaykToB n3 CO, nnn CO ¢ HCrmoab30BaHNEM BOABI B KA9E€CTBE UCTOYHHUKA BOIOPOIA.

IV  S10€6CC0C



BUHAPHBIE KATAJIMTUYECKHUE CUCTEMBI (COKATAJIN3ATOPBI) HA
OCHOBE KHCJIOTBI/OCHOBAHUA JIBIONCA/BPEHCTEJA 1 ®OCPUIA
HUKEJIA JJ1A TPAMOTI'O JIEKTPOXUMHUYECKOI'O BOCCTAHOBJIEHUSA CO:2
A0 YIJIEBOAOPOJ0B

NEPEKPECTHASA CCBIJIKA HA POACTBEHHBIE 3ASIBKH

[1] B nacrosmeit 3asBke 3asBiieH npuoputeT 00bIdHOM 3asBKy Ha nateHT CIHIA ¢ cepuiiHbIM
Ne 16/878165, momannoii 19 mast 2020 rona, kotopast siBJisieTcst YacTHYHbIM nponosukeHueM (CIP)
3asBku Ha rareHT CIITA Ne 15/765896, nonanHoii 4 anpens 2018 roma, koTopast IpeACTaBIsET
coOoii mepeBon Ha HarmoHanbHYI (asy CIIIA mexnynapomHoi 3asBku Ne PCT/US16/56026,
nosaHHo# 7 oxTa6pst 2016 roxa, B koTopoit B cootBercTBuM ¢ Konekcom 3akonos CIIIA, pasnen
35, §119(e), 3asBiEHO MPEHMYLIECTBEHHOE MPABO MPHOPUTETA IMPEIBAPUTEIBHON 3asBKH HA
mareHT CIITA Ne 62/239389, nomannoii 9 oktsOps 2015 ronma. IlosmHoe comepkaHue Bcex

BBIIICYKA3aHHBIX JOKYMCHTOB BK/IIOUCHO B HACTOAIICC ONTMCAHUC MMOCPEACTBOM CCBLIIKH.

OBJIACTb TEXHUKH

2] Hacrosimee n3oOpereHre OTHOCHUTCS K HOBOM OWHApHOW KATAIMTUYECKOH CHCTEME,
0o0benMHsIOIIel KHCJIOTHBINA/OCHOBHOM COKATAIM3aTOP U OJIEKTPOKATAIM3ATOP HA OCHOBE
dochuna HuKens, A MPSIMOTO AJIEKTPOXHMHYECKOTO BOCCTAHOBJIEHHS] TUOKCHAA YIIIEpona
W/WIN MOHOOKCHZA YIIIEPOAa, W/WIH aJbJeTHI0B H KETOHOB C PEaKLIMOHHOCIIOCOOHBIM ajibda-
aTOMOM BOJIOPOAA JI0 YTJIEBOIOPOAOB, YIVIEBOAOB U APYTHX LIEHHBIX IPOAYKTOB, B COBOKYITHOCTH

YIOMHHAEMBIX HHKE KaK OKHUCJIEHHBIE YTJIEBOIOPObI (HIIH OKCUYTIIEBOAOPOIbI).

YPOBEHb TEXHUKHU

[3] OOBIuHBIE HCKOITaeMbIe PEeCypChl HUCTOIIAIOTCS BCJENCTBHE NEATEIBHOCTU YEJIOBEKA, B
pesynbTare KOTOPOM MPOMCXOAUT MOCTOSIHHOE YBEJIHUYeHHe BBIOPOCOB YIJIEKHMCIIOIO rasza B
armoc(epy. [ naBHetiias 3aaua HbIHETHETO TIOKOJIEHHS — PEKPATUTh CO3aBaTh HEMPUTOAHYIO
IUTSL SKU3HH T1aHeTy. BakHeHmel 9acTbio 3TOH 3aauu SBIISIeTCSl 00ecreueHre OCYIIeCTBUMBIX B
MPOMBILUIEHHOCTH TPUMEPOB XHUMHYECKOIO IIPOM3BOACTBA, OTBEUAKOIIEr0 IPUHLIUIIAM
YCTOWYUBOTO PAa3BUTHS, B KOTOPOM OTXOIBI MOJHOCTHIO IepepadaTeiBArOTCs, a HCKOMaemas
SHeprus 3aMmeHsieTcss BO300OHOBIsieMon >Heprue. Hacrosimas 3asBka HarpaBjieHa Ha pereHue
yKa3aHHBIX 337a4. [10CKOJIBKY OONBUTHHCTBO BO3OOHOBIISIEMBIX HCTOUHHUKOB YHEPTUHU (HAIpUMED,

SHEPrYH COJHLIA U BeTPa) UMEIOT MEPHOANUYECKUI XapaKkTep, TO HEOOXOAUMO XpaHeHHe SHEPTHH.
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BesomacHbIM cIOCOGOM XpaHEHHs] OTPOMHOTO KOJIMUECTBA SHEPTHH SIBJIETCS €€ HAKOIUICHHE B
XUMHYECKHX CBS3SIX. XUMHUECKUE CBSA3H TAK)KE HEOOXOIUMBI J1J1s TIOJTYYESHHUSI KPYITHO TOHHAKHBIX
XUMHYECKHX MPOAYKTOB (CBIPhs), KOTOpPbIE HCIOJB3YIOT IJIsi MPOU3BOACTBA 0OOJiee CJIOMKHBIX
MaTepuasioB. B HacTosiee BpeMsi B OCHOBE XUMUYECKOH MPOMBILIIEHHOCTH JIEKAT XUMHUYECKHE
MpeBpaIleHHs Ul MOJyYeHUs YKa3aHHBIX MaTepHajoB M3 He(TH, MPUPOAHOrO rasa W yris
(ucxomaembIx pecypcoB). Hckomaemble pecypchl INPEACTABISIOT COOOM  CIOXKHBIE U
pazHOOOpa3Hble CMECH XHUMHUECKMX COeIuHeHHil. bynymieli SKOHOMHKE Ha OCHOBE
BO30OHOBJISIEMBIX MCTOYHHKOB €Ille NMPEACTONT HAYUYUTHCS BOCIPOHM3BOIWUTH TAKHE MPOAYKTHI.
IIpon3BOACTBO CIIOKHBIX XUMHYECKHUX COSAMHEHHH, MoaydaeMbIx HenocpeactseHHo u3 CO2 u
BOJIBI, SIBJISIETCSI OJHHUM W3 BO3MOJKHBIX PELISHMH KaK JJisi XpaHEHHs JHEPruu, TaKk W s
XUMHUYECKOH MPOMBIIUIEHHOCTH, OTBEYAIOleld MPUHLUIIAM YCTOWYHUBOTO PAa3BUTHSI, KOTOPOE
MOJKET 3aMKHYTh yIi1epoaHbli Luki. Ilocne HepaBHero OTKpeITHS HOCTyNa K OOJIBIINM pecypcam
npupoanoro raza B CIIIA Havanuce KpyIHbIE HHBECTULIMM B OTPACIIH, OPUEHTHPOBAHHBIE HA
JemeBbld MpUpoaHbId ra3. OTHOCHTENbHO YMCTHIE MOTOK OTX0m0B CO2, oOpasyroomuiics B
pesysibTare CXKMraHus MPUPOAHOTO Ta3a B 3TUX OTPACISAX, JOCTYIIEH B KAueCTBE CHIPbS I
nepepaboOTKU Kak JJisi XpaHeHWsI SHEPruy, TaK M ISl NMPOM3BOACTBA XUMHUUYECKOTO ChIpbs. B

HACTOSIIEH 3asIBKE MPEJIOKEH MPSIMOM CIIoCcO0 OCYIIECTBIIEHHS TaKOM rmepepadoTKH.

[4] IIpu snextpoxumuueckoM BoccTaHoBiIeHHH CO» (peakiuusi mpsIMOrO BOCCTAaHOBJIEHUS
CO,, DCRR) B kauectse ucrounuka Bonopoaa (H'/e) ucrnons3yroT Boay IS OCYINECTBIEHHS
THIPUPOBaHUs ¢ 0Opa3oBaHueM ajkaHOB Ha Cu M CTUPTOB Ha OJIArOPOAHBIX METAJIIAX U OKCHUIAX
menu. Takrie TeXHOJIOTHH He MOTYT OKa3bIBaTh CYLIECTBEHHOTO BJIUSIHUS BCJIEACTBHUE OMMCAHHBIX
HHJKE W IPYTHX OTPAHUYEHHI B BOJE UMEET MECTO BBICOKAsh KOHKypeHLus ¢ oOpasoBanrem Ha
(moGOYHBIH MPOAYKT), BHICOKAs CTOMMOCTBH 3JIEKTPOKATAIIM3aTOPOB HA OCHOBE OJIATOPOIHBIX
METAJIJIOB U HEYIOOBJIETBOPHUTENbHAS CEJIEKTHBHOCTh B OTHOLIEHHU MPOAYKTA, MPUBOASIIAS K
HEBO3MOKHOCTH MOJIyYEHHsI OJTHOTO AJIKAHOBOTO WJIM JIKEHOBOTO MPOIYKTA MPH UCIOJIb30BAHHN

IMIMPOKO pacrpocTpaHeHHOH Cu B KadecTBe 3JIeKTPOKATAIN3aTOPa.

[5] Takum 06pazom, MpOIOIKASTCS aK TABHBIHN ITOUCK CeJIEKTHBHBIX, O0Jiee emeBrIxX U OoJiee
sHeprod3ddexturHbIX kaTam3atopoB DCRR st moydeHus: MHOKECTBA LIEHHBIX MPOAYKTOB HA

OCHOBEC yrJjiepoaa, TaKNX KakK TOIUITMBO, XUMHUYCCKHE BCIICCTBA U INTACTUKU U3 MUOKCH A yIJjiepoaa.

CYHNIHOCTDb U30BPETEHUA



[6] B Hacrosiem n3o6peTeHnn npemiokeHa oosee d¢dekTrBHAS M yCOBEPIISHCTBOBAHHAS

JIBYXKOMITOHEHTHAs KaTalTUTHUeCKas cucTemMa v criocoOsl mpuMeHeHus 1yt DCRR.

[7] B Hacrosiem onucaHuu BCe MPOMEKYTOUYHbBIE COSIMHEHHS], CBS3aHHBIE C TIOBEPXHOCTEIO,
o0o3HaueHsb! 3Be310uKkoi (*). Ha OCHOBaHMH BBIIIECOMHUCAHHON MPOOIEMBI KOHKYPEHLIUH MEKIY
BeienenneM Bogopoaa u DCRR, MOXeT MHTYWTHBHO MOKAa3aThCs PA3yMHBIM MPEIUIOKEHHE
ucnonb3oBate i DCRR anextpokaranu3atopel ¢ HauMMEHee AaKTHBHBIM BbiAesneHHeM Hj
(marmpumep, SnOz). Omnako st BoccraHoBieHuss CO; u CO mo ruApUpOBaHHBIX MPOAYKTOB
HEOOXOIUM SJIEKTPOKATATIU3ATOP, 00pasyrOIInii YaCTHIILI BOIOPOAA, CBSI3aHHBIE C TOBEPXHOCTHIO
(*H). Takue gacTuIpl BOAOPOAA MOTYT OTJIMYATHCS MAPLUATBHBIM 3aPSAOM U BKIIIOYAOT TUAPUIBI
(*H%), atomapueiit Bonopon (*H) u/unu uactudaHo BOccTaHOBIeHHbIE mpoToHsl (*HY), rme &
cocraBisier oT 0 mo 1. VYkasaHHble 4YacTHIBI B COBOKYITHOCTH HA3BIBAIOTCSI B HACTOSIIEM
NOKYMEHTEe FHAPUAaMHU. DTO Te JKe MPeIIIeCTBEHHUKH, KOTOpbIe HeOOXOMUMBI [Tt 00pasoBaHUS
H: B Bome. Takum 00pa3om, MOHUMaHKE U PETYJIUPOBAHUE TUIIOB TOBEPXHOCTHBIX THAPUAOB U UX
OTHOCHUTEJIBHOW PEeaKIMOHHONW crmocoOHOCTH ¢ Bomod 1o cpaBHenuto ¢ CO2/CO wu
NPOMEXKYTOUHBIMH mponykramu peakipii DCRR - sBisroress BakHbIMH  (akTOpamu  AJist
IOOCTHIKEHHUs CelleKTUBHOro ayekrpokartamn3a DCRR. OnmcaHHble paHee 31eKTPOKaTATH3aTOPbI
Ha ocHOBe (HOCPHUIOB TMEPEXOMHBIX METAUIOB s 3JnekTpoBoccranoBienus CO» mo
yraesogoponoe (3asBka Ha mareHT CIIA ¢ cepuiineiv Ne 15/765896) neMOHCTPHPYIOT
BO3MOYKHOCTb PEryJHMpOBaHus celeKTUBHOCTH Mexay Hz u CO2/CO ¢ ucmosb30BaHHEM TaKUX

OWHAPHBIX COEMHEHWH B KAUeCTBE eIMHCTBEHHOTO JIEKTPOKATAIN3ATOPA.

[8] Bruto oOHapykeHO, 4TO A0OaBlieHHE OPYroro Kjacca Karaiu3aTopoB (B HACTOSIIEM
NOKYMEHTe Ha3BaHHBIX COKATAJM3aTOpaMH) K OIMMCAHHBIM paHee 3JIeKTpoKaTaiu3zatopam (Ha
ocHOBe (ocHHUIOB MEPEXOIHBIX METAIIOB [Uis AekTpoBoccTaHoBieHuss CO2 10 yriieBOIOPO/IOB;
3asBka Ha nmareHT CIIIA ¢ cepuiinbim Ne 15/765896) obecrieunBaeT ynydlieHHYIO CEJIEKTHBHOCTb
B OTHOIIGHWU IIPOAYKTa, B YACTHOCTH, IJIsl TMOJYUYEHHs YTJIEPOACOAEpKAUIUX MPOAYKTOB,
KOTOpBIE comepar oOOWMH Wi Oojee aromoB yriepoma. Takoe oOweguHeHHE
JJIEKTPOKATAIM3aTOpa W COKATAIM3aTopa NPU COBMECTHOM HCHOJIB30BAHUM HA3bIBAIOT
KaTaIuTH4YeCKOr cructemoii. [loMuMo AHOKCHIA yriepoda W/HWIM MOHOOKCHIA Yriiepoia, OHU
BO3MIEHUCTBYIOT Ha CclieAyounme n00aBKH W TPOMEXKYTOYHBIE COSAMHEHUsS. YIJIEBOAOPOIHI,
anpaeruabl WM KeToHel. OnricaHHbIE B HACTOSIIEM JOKYMEHTE COKATAIU3aTOPhl BKIIIOYAIOT BCE

BO3MOYKHBbIE TOOABKM K OWHAPHBIM COENHHEHUSM HUKeIs U Gochopa, KOTOPbIE H3MEHSIOT

3



XapaKTEPUCTHKH KATAJUTHYECKOTO IMPOLIECCA, HO IMPH 3TOM HE Pacxonyrorcs B HeM. J[oOaBku
MOTYT BKJIIOYarh JIIOOOH OJJIEMEHT WM COEOUHEHHWE, KOTOPOE He SBISETCS OWHAPHBIM
coenuHeHrneM Hukesisi u ¢ocdopa (1.e. hochunom Hukens), B koauuectBe 10 50% mo macce

KOMITO3HIIH.

[9] Takoli cokaTanm3aTrop CBA3bIBACTCS C MPOMEXKYTOYHBIM IPOAYKTOM peaKIUH JUOO B
pacTBope, 100 Ha TOBEPXHOCTH: | ) BIIMSISI HA OPUEHTALIUIO CBSI3bIBAHUS U ITPOYHOCTD CBSI3bIBAHUS
MPOMEKYTOYHOTO TPOAYKTa, 2) obecrieynBas aKTUBALUIO NPOMEKYTOYHOTO MPOAYKTA IJIst
JaJbHEeHIero B3auMOAESHCTBUS C THAPUAAMU, CBSI3aHHBIMHU C IOBEPXHOCTBIO, UJIH C JPYTUMH
npoMekyTouHbIMU npoaykTamu peakunud CO2/CO wiu ¢ gpyrumu Cn, yto 3) cnocoOCTByeT
00pa30BaHUIO HOBBIX MTPOMEIKYTOYHBIX MPOAYKTOB PEAKIMU HA ITOBEPXHOCTH WIH 4) IPUBOIUT K

necopOLMH MPOMEKYTOYHBIX TMPOAYKTOB PEAKLHH, YBEJIHUYUBAs CEJIEKTHBHOCTH MO JTAHHOMY
MPOIYKTY.

[10] KomOuHanms cokaraiud3aropa C KaTalu3aTopoM Ha OcCHOBe (ochuma MmepexomHoro
METaJlJIa W3MEHSIeT CEeJeKTHBHOCTh II0 YTIJIePOACOAEepIKaeMy IPOAYKTY, OKa3bIBas JIHIIb
HeOoJIbIIOe BIIMSIHUE HA CeJIeKTUBHOCTh B oTHOomeHnu Hj mo cpasrennto ¢ DCRR. Hampumep,
Takas KaTAJIUTHYECKAsh CHCTEMA HU3MEHSIET paclpeeieHHe MEeXIy CIEAYIOMNMHA XUMUYECKHUMHU
KJIACCAMU YTJIEPOICOAEPIKAIIMX TTPOAYKTOB. YIJIEBOAOPOIbI, KAPOOHOBBIE KHCIOTHI, allbIAETHIIbI,
KETOHBI, MpOCThie 3pupsl U crupThl (apomarudeckue win anudaruueckue). Cokaranauzarop
MOJKET BO3/IEWCTBOBATh HA MPOMEKYTOUHBIM MPOAYKT PEaKLMH, KaK OMHCAHO BbIIIE, WM Ha
ANIEKTPOKATANN3ATOp (KATAIUTHYECKYIO CHCTEMY) mJiss OOECTeuYeHHsl OTMCAHHOrO OOLIero
pesynbrata 0Oe3 HEOOXOOUMOCTH UCIOJb30BaHUS OTAEIBHOH CTaAWKd WM  PeakTopa.
CokaTtamu3aTtop  MOMKET  [elCTBOBAaTh  HANPSMYK  [OCPEACTBOM  CBSI3BIBAHUS  C
ANIEKTPOKATANMN3aTOpOM  (Tak Ha3pIBaeMblil  «Iym-3pQeKxT») WIH ¢ [POMEKYTOYHBIMU
MPOAYKTAMH, CBSI3AHHBIMA ~ C  TOBEPXHOCTbIO  (TaKk  HasbiBaeMbld  «IyJut-3¢ddexty).
AJNbTEPHATHBHO, COKATAJIU3aTOpP MOJXKET [eHCTBOBAaTH KOCBEHHO B pPacTBOpe, HU3MEHSS
KOHLISHTPAIIMA PEareHTOB WJIM MPOAYKTOB TaKHUM OOpa3oM, KOTOPBIA BJHsET HA AOCTYITHOCTh
KQJKIOTO M3 HUX JUTsl aKTHBALIMK 3JIeKTpoKaTamu3atopoM (docdumom nepexomHoro metauia). B
MOCJAeHEM Cily4ae T[POMEKYTOUHbIe COEOHHEHHST MOIYT OOpa3OBBIBATBCS WM  HE
00pa30BBIBaTHCS TOJIBKO Ha 3JieKTpokaranu3arope. CokaTannu3atop MOXKeT ObITh UMMOOUJTM30BaH

Ha JJICKTpOKaTaJIn3aTope Ha CHGHYIOLHeﬁ cragun CMHTE3a, BBCACH HCIMOCPCACTBCHHO BO BPEMA



CHUHTE3a JJICKTPOKATAIM3aTOpa, BKIIIOYCH B IIOJJIOKKY HJIM PACTBOPCH B PACTBOPEC JJICKTPOJIHTA

BMECTE C pearcHTaMHu.

[11] VYnyumieHHas CeNeKTHBHOCT B OTHOIIEHWH TIPOAyKTa, obecrmeurBaeMas TakKOU
KaTAIUTUYECKOH CHCTEMOM, TMO3BOJSET MUCHOJB30BaTh JJIEKTPOXUMUUYECKHM METOHN UL
noJiyueHus: Ooyiee YHCTBIX COeOuHEeHHuH, Tpelyroomux MeHbler obpabotku. Hampumep,
STUJICHIJIUKOJIE MOKeT ObITh moityueH u3 CO2, BOIBI U BO30OHOBIISIEMOH 3JIEKTPO3HEPTHH, UTO
obecreynT BO3MOKHOCTh ITOJIyUYeHHs SKOJOTHMYHBIX M OTBEUAIOUIUX IMPUHIUIIAM YCTOMYHUBOTO
Pa3BUTHS MOJMMEPOB JJISl PA3JIMYHBIX PHIHOYHBIX HUILN. JTHUJIEHIVIMKOJIb U POACTBEHHBIE THOJIBI
HCTIOJIB3YIOT B IIPOMBILIJIEHHOCTH B KQU€CTBE MOHOMEPOB ISl MPOU3BOACTBA MOJIUMeEpOB. Takum
xe o6paszom n3 CO2 MOTYT OBITE TIOJTY4YEeHBI MHOTHE IPYTHE CBIPhEBbIE MATEPUAIIEI 1 MOHOMEPHI,
Takue Kak, cpeau npoumx, coenuHenus Cs, metwirmokcans (1,2-nponanauon; MOI') u cmeck
COeMHeHUMN Cs 3-ruapokcu-2-ypankapOokcanbaeruaa U 2-runpoKcu-3-
dypaHkapOOKcaIbaeruia, KOTOPYIO MOTEHIUAIEHO MOYKHO HCIIONIb30BATh B KAYECTBE MPHUCAIKH,

MTOBHIMIAFOIIEH OKTAHOBOE YHCJIO TOTUIHBA.

[12] OpuH acnekT HACTOSIIETO H300PETEHHUS OTHOCUTCS K KOMOMHALMK 1) karoaa s mpsmMoro
ANIEKTPOXUMHUYECKOTO BOCCTAHOBJIEHHS TUOKCHIA YIJIEpOAA W/MJIH MOHOOKCHIA Yrjepoaa C
yriaeBofgamu/0e3 yrieBOAOB, COAEPIKAIINX ANbIETHAHbIE WIH KETOHOBbIe ()YHKIIHOHAJIbHBIE
[PYMITBI C aKTHBHBIMH ayib(ha-aToMamMu BOIOpoaa (B COBOKYIHOCTH HAa3bIBAEMBIX CHIPBEM), C
MOJTyYEeHUEM OKHCJIEHHBIX YIJIEBOAOPOMAHBIX MPOMYKTOB, MPUYEM YKa3aHHBIM KATOZ COAEPIKUT
MPOBOJAIIYI0 HECYLIYIO TMOJUIOKKY, COKATau3aTtop, OTIHYHBIA OT (ochuma HUKeTs, U
ANIEKTPOKATAIUTHYECKOE TMOKPBITHE, MPH 3TOM 3JIEKTPOKATATUTHUYECKOE MOKPBITHE CONEPIKUT
HaHovacTulpl NixPy, (Takke HasbiBaeMble B HaHHOM KOHTekcTe kak «Ni-Py), rme x u y
MPEACTABIAIOT COOOM IieNible YhCiia, TaK YTO yKa3aHHbIE COSHWHEHHS BBHIOPAHBI M3 TPYIIILL,
cocrosimert 13 NisP, NisP2, NijoPs, NioP, NisPs, NiP> u NiP3; win 31eKTpoKaTaJIuTHYeCKOe
MOKPBITHE COAEPKUT HaHOUYacTULIbI NixPy, BeIOpaHHble U3 rpymrbl, cocrosimei u3 NisP, NisPs,
Ni12Ps, Ni2P, NisPs, NiP2 u NiP3, 1 normosHuTepHO crutaeieHo ¢ Fe)P, mpuuem ykasaHHBIH CriaB
umeer cootHomenre Ni-P:Fe;P ot mpumepno 99:1 mo 1:99% wmac.; mpu 3TOM mpoBoOAsimias
Hecymas TMOUIOKKA CONEpUT ruapodoOHble 00sacTh W TUAPOUIbHBIE OO0JacTH st
oOsierueHust afacopOLMK ChIPbS. U3 Ta30BOM WM BOAHOM (hasel 11 oOecrieueHust OTAEIEHUs OT
MOJIEKYJl BOJbI, NMPUYEM IO MEHBIIel Mepe HEKOTOPble HAHOUYACTHLIBI AJIEKTPOKATAIN3aTOpa

pacroyiokeHbl B THAPOGOOHBIX 00JIACTAX MPOBOMASAIIEH HECYIIEH IMOMIOKKH U KATATHTHYECKH
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B3aUMOJIEHCTBYIOT C CBIPHEM IMOCPEIACTBOM JJIEKTPHUECKOTO BOCCTAHOBJIEHHs C 0Opa3oBaHHEM
OKHCJIEHHBIX YTJIEBOJOPOIHBIX MPOAYKTOB; M 2) YKa3aHHBIA COKATAJIM3AaTOP PACIIOJIOKEH Tak,
y100Bl JEHWCTBOBATH COBMECTHO C JJIGKTPOKATATM3ATOPOM IIOCPEACTBOM BHEAPEHUS B
ruapoubHbIe niu ruapodoOHeIe 06JaCTH WK MOCPEACTBOM PACTBOPEHHS B 3JIEKTPOJIUTE, WIIH

MPU HETIOCPEACTBEHHOM IMPHUKPETUICHHH/BHEAPEHUH B TIOBEPXHOCTh KATAIN3aTOPA.

[13] CoxartamuzaTop MOXKET COAEPIKaTh JIOOYIO KHUCIIOTY, KUCJIOTa MOXKET OBITh BhIOpaHa W3
KkucoThl JIbtonca mnu kucinotel bpencrena-Jloypu. Hanpumep, kxrcinora MoxeT ObITh BEIOpaHa 13
noHoB d-Goka mnm p-6roka, Takux kak: Zn“2, Fe™?, Fe’", Ca¥*, Mg?*, Al™, AlO7, Si*", Si0*,
H3BOs, HiBOyR; (rze X, y u z, kanblii He3aBUCHUMO, paBHbI 0 WIN MPEACTABISIIOT co00M Lesoe
4KCII0, BeIOpanHoe ot | a0 3, mpuuem -(x + (-2y) + (z'n)) = -5 wm -1 wu 0, vt 1 wm 2, vun 3,
rae n paeeH -1, -2 win -3 st pasnuyHeIX 3amectureneil y R), takum oOpasom, ciiokHbIe 3 (QUPEI
OopHoli kucnotel BiIOYaroT, Hanpumep, B(OH)2(OR) u B(OH)(OR),, roe R = ankun, apwun,
ApUJIAJIKWJI, TEeTepOapwi, TIeTepOoapuiIaiKWi, MpPUYeM TIeTepoaTOMbl B TreTepoapwiie U
reTepoapusIaNIKiIe BHIOpaHbl U3 a30Ta, KUCIOPOJa U CephI), a TAK)KE M3 CMecel ABYX WK OoJee

U3 HUX.

[14] CoxaramuzaTop MOKET COAEPKATh J000€ OCHOBAHKE, OCHOBAHIE MOKET OBITh BHIOPAHO
n3 ocHoBaHwus JIbrouca wm ocHoBaHusi bpercrena-Jloypu. OcHoBaHHE MOKET OBITH BEIOPAHO U3
TPYIIIBI, COCTOSIIEN W3 COMPSKEHHOTO OCHOBAHHUS KAKAOW W3 BBIIIEIEPEUHCIEHHBIX KHCJIOT
JIpronca niu KaXIoW W3 BhIMIENepeUnCIeHHbIX KUCIoT bpercrena-Jloypu. Hanmpumep, Gopater,
kapOokcunarel, NHs, kapOamua, MOYEBHHA, TUAPA3UH, IEPBUYHBIE AMHUHBI, BTOPUYHBIE aMHHBI,

TPETUYHBIC AMUHBI, ITUPUAWHEI U CMECH IBYX HUJIH OoJee U3 HUX.

[15] Karox moxker ObITh NMpUBEAEH B KOHTAKT C PACTBOPOM JIIEKTPOJIMTA, COAESP KAIINM
COKaTaTu3aTop, WM COKATAIU3ATOP MOKET MPEACTABIATE COOON MOHHBIN JKUIKHH 3JIEKTPOJIHT,
uMeronnii GyHKIHOHATBHYIO rpymnmy mis neperoca HCOs  wmu COs*, umu HY, u npuseneH B
KOHTAaKT C KaroAoM. AJIbTEPHATHBHO, COKATAJM3aTOpP MOXKET COAepKaTb HOHOMEpP WIH

MPOBOISIIHH TTOJIMMED, WIH MOIU(DUKAIIMIO WITH JIETHPYIOMIHH areHT MOJIOKKH JIEKTPOIA.

[16] Kpowme Toro, cokaranuzarop Moxker comepxkarb coib Cu, Ag, Au, Zn, cMecu JIBYX WU
60.]'[66 U3 HUX, WIN UX COJIKM NN OKCHUIOBIL. Ta.KI/Ie COJIM WK OKCHUABI TAKKE MOI'YT CTAHOBUTLCA
PacTBOPUMBIMH TIpH ompeneieHHOM pH. ANbTepHATUBHO, COKATAIM3aTOP MOKET COAEPIKATh

MPOCTOM METAJJT WM CIUIaB, BRIOpAaHHBIM W3 rpymmbl, coctosimeid u3 Cu, Ag, Au, Zn U ux



HHTEPMETAUIMUECKHUX COeAMHeHHH. MeTann WM HHTEPMETAJUIMYECKUE COSAMHEHUS IS
coKaTaM3aTopa MOTYyT ObITh B (JOPME MOJIEKYJIIPHBIX HOHOB, HAHOYACTHI] WK O0Jiee KPYITHBIX

qaCcTHLI.

[17] He orpaHnuuBasgch KakoW-Iu00 KOHKPETHOW TEOpHEH, MOJIararT, YTO COKATaJu3aTop B
BBIILIEONMUCAHHON KOMOMHAIIUH CBSI3BIBAETCS C MPOMEXKY TOUHBIM IMPOAYKTOM PEaKLIUHU, TAKHM KakK,
HO He OrpaHMuuBasICb uMH, (Qopmuar, ¢dopMui/popManbaeTu, TIHUKOJbATBACTUN,
METWITJIMOKCAITb WK (PypaHOBbIE MPOU3BOJAHBIE, HA MOBEPXHOCTH JJIEKTpOKaTajmusaropa u 1)
BJIMSIET HAa OpPUEHTALMIO CBSI3bIBAHUS MPOMEXKYTOYHOTO NPOAYKTA W/ 2) aKTUBHPYET
NMPOMEKYTOYHBI TNPOAYKT JUIS  CIEAyloIleld peakudd C THOPUOAMH, CBSI3aHHBIMH C
MOBEPXHOCTBIO, WIH OPYTUMH MpOMeKyTOouHbIMU mpoxaykramu peakipn CO2/CO, w/mmu 3)
BJIMSIET HA MPOYHOCTH CBSI3bIBAHUSI NMPOMEXKYTOYHOTO MPOMAYKTA, YCHUJMBAs WIH ocjabmss ee,
wunn 4) crnocoOcTByeT OOpPa3sOBAaHHIO HOBBIX IMPOMEKYTOYHBIX IPOAYKTOB pEaKiHyd Ha
MOBEPXHOCTU. B pesysibTaTe BBIIEONMHCAHHOTO JOEWCTBUS COKATAJU3aTOP YBEJIHYHUBAET
CEJISKTUBHOCTB I10 YTIJIEPOACOAEPIKAMEMY MTPOAYKTY B CTOPOHY KOHKPETHOTO YIJIeBOAOPOIHOTO

HUJIW OKUCJICHHOTI'O YIJICBOOOPOAHOI'O IMPOAYKTA.

[18] Karom moxker ObIThb MpUBEAEH B KOHTAKT C PACTBOPOM JJIEKTPOJIUTA, COAEPIKAIIUM
COKATaIM3aTop, C TMPOBOMAIIEH MOIOKKOH, IOMOJHUTEIBHO COAepIKaliedl TOT JKe
cokaranuzatop. [IpoBonsimas Hecymas moAyI0KKa MOKET JOTIOJIHUTENIBHO COZIepsKaTh MaTepral,
MOJJIeKAUH  BOCCTAHOBJIEHUIO, Ojaroapss 4YeMy  OJIEKTPOKATATUTHYECKOE ITOKPBITHE
KaTATUTUYECKH B3aUMOJIEUCTBYET C MAaTEepUAIOM, MOIJICKAIIUM BOCCTAaHOBJICHHIO, KOTOPBIN
BKJIIOUEH B TPOBOJSIIYI0 HECYIIYIO MHOIJIOXKKY. IlpeamoururensHO, mMarepuall, MOJIe:KalInil
BOCCTAHOBJIEHHUIO, COIEPKUT TUOKCH YIJIEpOaa, MOHOOKCHI YIJIEpOaa, UX CMEeCh WU JIFOOBIS
Ipyrue MOJIeKYJIbl OKHMCIICHHBIX YIJIEBOJOPOIOB, COIAEpXKAIIHe albAeTHIHBIC WIN KETOHOBBIC
(YHKLHOHAIBHBIE TPYIIIBI U PEAKLIMOHHOCIIOCOOHBIE aib(a-aTOMbl BOIOPOAA. AJIbTEPHATHBHO,
MPOBOASINAs HeCylasi TOJUIOKKAa MOJKET MPEACTABIISATE COOOH HMOHOMEP WIIM TPOBOMSIIHN

TOJTUMED.

[19] [pyroii acreKT HacTOSIIEro H300peTeHNsI OTHOCUTCS K CITOCOOY MOJTydeHUs] OKUCIEHHBIX
YIJIEBOJOPOAHBIX MPOAYKTOB M3 BOABL, AMOKCHIA YIJIepoAa W/WIM MOHOOKCHIA YIieponaa
MOCPEACTBOM PEAKIMU IEKTPOJIM3a, KOTOPYIO OCYWIECTBISIIOT CIERyomuM oOpaszom: (a)

BBEJICHHE KAaTo[a W3 BBIMIEONMHCAHHOW KOMOMHAIMU B 3JieKTpoiuT BMmecte C¢ aHomoMm; (b)



MNPUBCACHUEC aHOOa U KaTo[da B HpOBOI[SIH_II/Iﬁ KOHTaKT ¢ BHCIIHUM HCTOYHUKOM 3JICKTPHYCCKOTO
TOKa; (C) obecreyeHre Ha KATONe NCTOYHHKA YTJIEPOIa U3 AUOKCHIA YTIIEPOIA H/HITH MOHOOKCHIA
yraepona; u (d) mogaua 3JeKTpUYecKOoro TOKa ISl MPOBEASHHS PEAKLIMU MIEKTPOIN3a Ha KAaTOE,
B pe3yJbTaTe 4Yero IPOHCXOAUT CEJIEKTUBHOE O00pa3’oBaHHE OKHMCIEHHBIX YIJIEBOIOPOIHBIX
MPOAYKTOB M3 AMOKCHUIA YIJIEPOAa H/WJIM MOHOOKCHIA yriepoma. B mpemioxkeHHOM criocobe
ANIEKTPOKATAIM3ATOP M COKATAIN3ATOP BBIOpAHbI AJIS ITOJIyYeHHs IPOAYKTA, BHIOPAHHOTO U3 2,3 -
dbypauguona, 2-hpopmundypan-3-oya, STUIEHTIUKONS, 1,3-mponanauona, 1,2-nmponaHanuonia, ux

CTEPEON3OMEPOB M NX KOMOWHALTHH,

[20] TIIpemmouyTuTensHO, UCTOYHUK IUOKCHIA YIJIEPOAA, MOHOOKCHAA yriiepoaa U JoObIe
JIIpyrve MOJIeKYJIbl OKHMCJIEHHBIX YTJIEBOJIOPOMOB, COIEp Kaliie albAeTHAHbIC WU KEeTOHOBBIC
(YHKIMOHAIBHBIE TPYIIbLI U PEAKIUMOHHOCTIOCOOHBIE ajb(]a-aTOMbI BOIOPOIA, HAXOMATCS B

TeKy4YeM HCTOUHUKE. TeKkyunii HCTOUHHUK MOJKET MPEICTABIISATh COOOH MPOTOYHBIA PEAKTOP.

[21] JlomoONHUTENBHBIM  ACMEKT HACTOSIIEr0 HW300pEeTeHHsT OTHOCHTCS K  CIOCOoOy
BOCCTAHOBJIEHHsI JUOKCHIA YIJIEPOAa OO0 OKHCIEHHBIX YIJIEBOAOPOIHBIX IMPOAYKTOB, KOTOPBIH
OCYLIECTBIIAIOT CIIEAYIONIAM 00pa3oM: (a) BBENEHHE KATOda B BOIHBIH 3JIEKTPOJIUT BMECTE C
AQHOIOM W COKATAJU3aTOPOM (KaK OIMMCAHO BBILIE), MPHYEM KAaTOA COMEPIKUT MPOBOMASIIYIO
HECYIIYIO TOIJIOKKY, COKATANN3aTop (OMMUCAHHBIN BBIIIE) M JIEKTPOKATATUTHIECKOE TTOKPBITHE,
conepikaniee HaHOYacTHIBI NixPy, r1e X U y NpPeacTaBIsiOT COOOM Iefible YhCia, TaK uTo
ykasaHHble coequHeHus BbiOpanbl u3 Ni3P, NisP>, Ni2Ps, NioP, NisPs, NiP2> u NiP3, npuuem
COKATAIM3aTOP MOKET HAXOIUTHCS HA MPOBOMASILIEH MOIJIOKKE, B DJIEKTPOJUTE WIH B 000MX
BapuaHrax; (b) mpuBeaeHWe aHOA M KaToAa B MPOBOISIIMA KOHTAKT C BHEIIHUM HUCTOYHUKOM
ANIEKTPUYECKOTO TOKA; (C) obecrieueHre Ha KaToIe TeKy4ero HCTOUYHHKA THOKCUAA YIepona; u
(d) momaya 37eKTPHUUIECKOro TOKA IS MIPOBENEHUs PEaKLIUU JJIEKTPOJIN3a, B PE3yJIbTaTe KOTOPOi
Ha aHofe OOpasyroTCs AJIEKTPOHBI, JOCTABsiEMble Ha KaToAd, Oyaromapsi yemy H3 JUOKCHIA
yrJaepoaa, 3JEKTPOHOB M BOIBI OOpAasyeTcst OKHCIEHHBIA YrJIEBOJOPOMHBIA MPOAYKT, a
ANIEKTPOKATAIN3ATOP W COKATAIM3aTOp BBIOPAHBI TaK, YTO OOPA3YIOMIMICS OKHCIEHHBIN
YIJIEBOJIOPOIHBIN MPOAYKT BEIOPaH M3 YriieBOJAOB, KapOOHOBBLIX KUCIIOT, albJAETHIOB, KETOHOB U

cMecel ByX vim OoJiee U3 HUX.

[22] Jlpyroli acmekT HACTOANIETO H300pPETEHUs] OTHOCUTCS K CHOCco0y BOCCTAHOBJIEHUS

MUOKCHIa YrJiepoa A0 OKHCJIEHHBIX YIJIEBOJOPOIHBIX MPOAYKTOB, KOTOPBIH OCYIIECTRISIOT



creayromumM obpasoM: (a) BBeAeHHE KATOa B SJIEKTPOJIUT BMECTE C aHOAOM U COKATATU3aTOPOM,
NMpuYeM KAaToA COMEPIKUT MPOBOMSIIYI0O HECYHIYIO TOMJOKKY H JJIEKTPOKATATUTHYECKOE
MOKPBITHE, MPU 3TOM JJIEKTPOKATATUTHIECKOE MOKPBITHE CONEPKUT HaHOUacTULbl NixPy, roe X u
y TIPECTaBJISIOT COOOH LIENbIe YMClia, TaK YTO YKa3aHHbIE coequHeHus BbiOpanbl 3 NisP, NisPs,
Ni12Ps, NizP, NisPs, NiP2 u NiP3, npuyeM cokaraanzatop MOKET HAXOMUTHCS Ha MPOBOIAIIEH
MOJUTIOKKE, B JIEKTPOJIUTEe WM B 0OOMX BapUAHTAX; MPH ITOM COKATAIM3ATOpP CBSI3BIBASTCS C
IbAETUAHON, KEeTOHOBOH, KapOOKCHJIBHOW, IUOJIOBOH WM CIUPTOBOH (PYHKLHMOHATBHON
IPYNIIOi MPOMEXYTOYHOTO MPOAYKTA PEaKLHH, aKTHBHPYS €ro IJisl CIeAyIOIEeH peakiuu C
anekTpokaranu3aropom, (b) nmpuBeneHue aHOA M KATOAA B MPOBOISINHMA KOHTAKT C BHEIIHUM
HUCTOYHHUKOM 3JIEKTPUYECKOTO TOKa; () obecrieueHne Ha KaToAe TeKy4ero NCTOYHHKA JUOKCHIIA
yriepona; u (d) momadya 3JEKTPHUYECKOrO TOKA ISl MPOBENEHUs PEaKLHMU 3JIeKTPOJIN3a, B
pesysbTare KOTOPOH Ha aHOAe 0OPa3yrOTCs IEKTPOHBI, TOCTABIIsIEMbIe Ha KATOM, T/Ie U3 TUOKCHIA
yraepona oOpa3yeTcsi OKHCIEHHBIH YIJIEBOJOPOAHBIM MPOAYKT, a JJIEKTPOKATAIM3ATOp U
COKaTaM3aTop BBIOPAHBI TaK, YTO OOPA3YIOIIUICS OKHCIEHHBIH YIJIEBOLOPOIHBIN MHPOAYKT
BbIOpaH U3 yIJIEBOOB, KAPOOHOBBIX KUCIIOT, aJIbAETUIOB, KETOHOB U CMecel IByX Wiu OoJiee u3
Hux. Cokaranmsatop MOXeT BKIOUaTe Metajl, BeiOpaHHbid w3 Cu, Ag, Au, Zn u ux
HHTCPMETAJIIINYCCKUX COGHHHGHHﬁ. Meramn 50051 HHTCPMETAJIIINYCCKHE COCOUHCHUS

coKarajmM3aTopa MOryT ObITh B JOpPME HAHOUACTHII.

KPATKOE OITUCAHUE ' PAOUYECKHUX MATEPUAJIOB

[23] Hadwr. 1A - 1E nokazana dpapaneeBckas 3¢ hekTuBHOCTE (d5eKTpoHHAast 3P PEeKTHBHOCTD )
anekTpokaranu3atopos Ha ocHoBe NisP (dur. 1A), NippPs (pur. 1B), NioP (dur. 1C), NisPy (dur.
1D), NiP; (¢ur. 1E) B oTcyTcTBHE COKATanM3aTtopoB B OwkapOoHaTte kamwus, mpoaytom CO»
(onextponut). IloTeHuman ckoppekTupoBan ¢ ydetoM pH-3aBucumoctu cranmaptaoro Ha

anektpona (t.e. oopatumoro Hz snexkrpona, RHE).

[24] Ha ¢ur. 2A - 2D nmokasaHa (apaneeBckas 3(PeKTUBHOCTE (3EKTPOHHAS
3 PEKTHBHOCTh) U CEJIEKTUBHOCTh B OTHOLIEHHWU MPOAYKTA 3JIEKTPOKATATM3aTOPOB HA OCHOBE
Ni2P ¢ nByMsi pasmuuHBIMH COKaraiu3atopamu B OukapOonare kamusi, mpoayrom CO»
(3nextponut). Ha dur. 2A mokasan NisP 6e3 cokaranusarop; Ha ¢ur. 2B nokaszan NisP ¢ 1,5 MM
cyibdara maruus; Ha ur. 2C nmokazan NizP ¢ 25 MM GopHoii kucaoTer, Ha ¢ur. 2D nokaszad NizP
¢ 25 MM rekcameruyieHTeTpaMuHa. Pa3HOCTP JJIEKTPUYECKOTO TOKA MEXKAY ABYMS

KaTATUTUIECKUMHU CHUCTEeMaMH U 3JIeKTPOKATAIN3aTopoM Oe3 CoKaTain3aTopa IeMOHCTPHUPYET



3 dPexT KOMOMHUPOBAHHON KATAIMTHYECKON CHCTeMbI. [loTeHIHam CKOPPEKTUPOBAH C YUETOM

pH-3aBucumoctu cranpaptHoro Hs anekrpona (t.e. oOparumoro H; anextpona, RHE).

[25] Ha ¢ur. 3A, 3B, 3C u 3D mnokasaHel mpeanosiaracMbele M3MEHEHHsT MEXaHH3Ma,

olycnoBiieHHbIe 10OaBICHNEM BbIISYTOMSIHY THIX PA3JIMUHBIX COKATAITH3ATOPOB.

[26] Ha ¢ur. 4A npencrasnen crnexktp 'H SIMP npoayKTOB, JeMOHCTPHPYIOIIHI H3MEHEHHE
CEeJISKTUBHOCTHU TIpH AoOasieHuH 25 MM OOpHOM KHCIOTBI. DJIEKTPOKATAIN3ATOP MPEACTABIISET
coboit tBepaywo rpanyny Ni2P nmpu 0 B mo RHE mpu pH 7,5. Ha ¢ur. 4B npencraBnex
cootBercTByomuil  npodrie BOXKX (3ammce nmerekTopa mokKasarensl  MPeSIOMIICHHS),
JEMOHCTPUPYIOMNA W3MEHEHHE CeJIeKTUBHOCTH npu nobasieHun 25 MM OGOpHONM KHUCIOTEHL
DJIeKTpOKaTATN3ATOP IpencTasisier coboii TBepayio rpanyny NizP mpu 0 B mo RHE mpu pH 7,5.
IToxazaHo cpaBHEHHUE C XOJOCTHIM JIEKTPOJIUTOM U YUCTBIM STHJIEHTJIMKOJIEBBIM STAJOHOM.

[27] Ha ¢ur. 5 nokasan cnextp 'H SIMP, neMOHCTPHDYIOIIHIT H3MEHEHHE CeJTeKTUBHOCTHU 10
NPOAYKTY IpU ocaxkaeHuH Metatnueckod Cu Ha snekTpokatanuzatop (TBepaas rpanysia NioP
npu 0 B mo RHE mpu pH 1).

MNOAPOBHOE OIIMCAHUME U30BPETEHUSA

[28] OnucanHas B HACTOSAMIEM IOKYMEHTEe TEXHOJIOTHS HAIpaBjIeHa Ha IMOJy4YeHHe
OKUCJIEHHBIX  YTJIEBOAOPOAOB, KOTOpBIE SIBJISIIOTCS PACIPOCTPAHEHHBIMH XHUMHUYECKUMH
CBIDBEBBLIMH MaTepHallaMd W KOTOpbIE MOXKHO 0e3 Tpyna rmepeMemarb ¢ MOMOIIBIO

CYIIECTBYIOIIMX TPAHCIIOPTHBIX U SKCIIOPTHBIX CPENCTB.

[29] Boccranosnenne CO2 MOXKHO OCYIIECTBIIATH HEMOCPEICTBEHHBIM 3JIEKTPOJIU30M IPH
KOMHATHOH TeMrmeparype, HO st 00pa30BaHusI LIEHHBIX BUIOB TOTUIMBA HEOOXOAMMO IO MEHBIIeH
mepe 4 snektpona () (ypaBHenus 3-7). Ha ocHOBaHMH yKa3aHHBIX MOTEHLMAIOB CTAHOBUTCS
OueBHIHO, uTO BoccTaHoBIeHHe CO2 MPOUCXOAUT B TEPMOJUHAMHUECKOW KOHKYPEHIIUHN ¢ OoJiee
npoctoii peakuueri Boiaenenus Bogopoaa (HER) ¢ yuactuem 2 e” (U = 0 B mo RHE mpu 1 atwm.
H»), a Take OOJBIIMHCTBA OKHCIEHHBIX YIJIEBOJOPOIHBIX MPOAYKTOB (0Opa3oBaHHE BCEX UX

MPOUCXOIUT MPHU MPUMEPHO OAMHAKOBOM IMOTEHLIHUAJIE).

CO, + H,0 + 2¢” = CO +20H (U=-0,11 B o RHE) (2a)
CO, + H,0 + 2¢- 2 HCOO™ + OH™ (U = -0,02 B o RHE) (2b)
CO; +3H,0 + 4e” = CH,0 + 40H" (U = -0,07 B o RHE) 3)
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CO; + 5H20 + 6¢” = CH30H + 60H (U = 0,03 B o RHE) @)
CO; + 6H,0 + 8¢~ = CH4 + 80OH™ (U = 0,16 B o RHE) Q)
2C0; + 8H,0 +12¢” 2 C,Hy + 120H (U = 0,07 B o RHE) (6)

2C0; + 10H,0 + 10¢~ = HOCH,CH,OH + 100H" (U = 0,2 B o RHE)  (7)

[30] Taxwmm obpaszom, 3amava 3aKIIOYASTCS B TMOJYUYEHUH 3JIEKTPOKATAIA3ATOPA, KOTOPBIN
MPeANOYTUTENILHO  obecreunBaeT BOAOpOAHbIe OKkBHBaIeHTHl (H* wnu  ruppuner) s
BocctaHoBieHus: CO; 10 KOHKPETHOTO YIJIEPOACOAEPIKAIIEro MPOAYKTA, a He 00pa30oBaHUsI CMECH
npoayktoB win Hy. OObrvyHbIE dnekTpoKaTanu3aTopsl mjisi BoccranosieHus: CO» Ha ocHoBe Cu
ANIEKTPOAOB 00ecrneunBaT 00pa3oBaHWE CMECH IPOAYKTOB, NMPHU 3TOM ONTUMHU3UPOBAHHBIE
pe3yJbTaThl AEMOHCTPUPYIOT CEJIEKTUBHOCTh MO YIJIEBOAOPOAAM, COCTaBisiomyw 72,3%
(ocuoBHbIM TpoaykToMm Obut CHi), mocturnytyio mpu -1,04 B mo obGpatmMomMy BOAOPOIHOMY
anektpoay («RHE»), uto mpumepro Ha 1,2 B MeHbIIe TepMOIUHAMUUYECKOTO TIPEeENa,
cocraBisomero +0,16 B mo RHE. OmgHako cToib BBICOKOE TEpeHanpssKeHHE CYIIECTBEHHO
CHUXKACT 3HepF03(1)(1)eKTI/IBHOCTI> W UCKJIIOYACT NMPUMCHHUMOCTE TAKOTO IMOAXoAa K MpOru3BOACTBY
CHHTETHYECKOTO TOIUIMBA. 1eM He MeHee, B HACTOSIIEE BpPeMsi Menb OCTaeTcss HauboJee
3 PEKTHBHBIM OJHOKOMITOHEHTHBIM 3JIEKTPOKATAIM3aTOPOM HA OCHOBE IMEPEXOJHOTO MeTajlia

s DCRR.

[31] PamuonanbHas TexHOJOTHA mMojydeHus torumBa u3 COz momkHA KOJUYECTBEHHO
COOTBETCTBOBATh  MPOMBIILIEHHBIM  mporeccam. JHeprodpdekTHBHOCTL  COBPEMEHHOIO
MPOMBIIIIEHHOTO mpou3Boactea MetaHoima u3 CO cocrabmser mnpubmusurensHo  51%.
Teopetnueckass makcumanbHas  dHeprodddexkruBnocts g DCRR  mpu  ycnosum
niepeHanpsbkerust 0 B 1 moaHOTro M3BIeYeHNs MpOAYKTOB coCTaBiisieT 73%, 4TO yKa3bIBaeT Ha TO,
g0 DCRR mpencrasisier cob60l TEXHOJIOTHIO, KOTOpas TEOPETHYECKH MOKET CYIIEeCTBEeHHO
MPEBOCXONUTH COBPEMEHHBIN MPOMBILUTEHHBIN CTaHAAPT. D PEKTUBHOCTE IEKTPOXUMUUIECKOTO
BOCCTAHOBJIEHHS (TaK)Ke HA3bIBAEMOIO B HACTOSIIEM JOKYMEHTE «3JIEKTPOBOCCTAHOBJIEHHUEM)
CO; mo CHy4 B Hactosimee Bpemsi coctaBisieT 13% Ha Cu MOBEPXHOCTSX MPU YCIOBUHU, YTO

peaxius Ha aHOe TPEACTaBIIsieT cOO0M BhIIEICHHE KHUCIOPOIA.
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[32] 3ameHa 5yeKTpPOKATAMM3ATOPOB (3JIEKTPOAOB) MPEACTABNSET COOOW JOPOrOCTOSIIEe
KaIMTAJIOBJIOKEHHE C OCTAHOBKOM NPOM3BOACTBA I JIIOOOTO IMPOMBINUIEHHOTO IPOIECcCa,
MOATOMY KpailHe BaXHO IIOANEPKUBAaTh YBEJIWYEHHBIM CPOK 3KCIUIyaTallu IPH BBICOKHX
XapakTepUCTHKAaX AIeKTpoKaTanuzatopa. B HacTosiee Bpemsi CyIecTBYeT OUeHb MaJIO IPUMEPOB
WCIIBITAHUH, MPOIOJKUATENBHOCTE KOTOPBIX npeBbimaeT xoTs 061 2 uaca DCRR Ha anekrponax n3
MEPEeXONHbIX METaJUIOB.  OJJEKTPOKATAU3aToOpbl  COTJIACHO  HACTOSIIEMY  H300peTeHUro
OpPUEHTUPOBAaHBl HAa MO MeHbIIeH Mepe 16 uacoB HenpepblBHONM akTUBHOCTU. Jlis
MPOMBIIUIEHHOTO  NMPUMEHEeHWs HeoO0XOoauMa  CyIIeCTBeHHO 0Oojee  MpOmOJKHUTEIbHAs
cTabUJIBHOCTh, YeM HECKOJIbKO 4acoB. Hampumep, nMpoMBIIIIeHHbIE aHOBI IS XJIOP-LIEIOYHOTO

nporuecca (Ha ocHoBe RuOx 1 IrOx) nMeroT nepros 3KCIutyaTais OKoJIo 7 JIeT.

[33] B mHacrosmuee Bpemsi cuHresupoBaHbl NisP, NipPs, NP, NisPs u NiP2 B ¢opme
CHJIBHOYIUTOTHEHHBIX TOPOIIKOB, 00pa3yIOIMX IMOYTH IUIOCKHE MOBEPXHOCTH, IS CeMelcTBa
ANEKTPOKATATU3ATOPOB TpsiMOro BoccTaHOBIeHHss CQO2 COrjlacHO HACTOSIIIEMY H300pETEHHUIO.
Ot10 obecrieunBaeT BO3MOKHOCTb HETTOCPEICTBEHHOT'O HAOIOIeHHSI KATATUTUYECKONW aKTUBHOCTH
Ha HauboJiee CTaOMIILHOM OOpPBIBE KPUCTAUTNYECKOH (hasel, M OHA OMPENETIEHHO COMOCTABUMA C
ontuMu3HpoBaHHBIMU Cu (OJIbraMu U3 U3BECTHOI'O YPOBHSI TEXHHUKU. MIX aKTUBHOCTD B KAUeCTBE
anekrpokarammszatopoB  DCRR B orTcyrcTBHe — cokaramusartopa IPOAESMOHCTPHUPOBAHA
npuBeneHHbIME Hroke naHHbME (Gur. 1A, 1B, 1C, 1D u 1E, cootBeTcBenH0). Bruto o6HapykeHO,
YTO CEJIEKTUBHOCTh TakHWX 3JjekTpokaramuzaropoB miasi DCRR sBisiercs peryimpyemoin B
3aBUCHUMOCTH OT COCTaBa U CTPYKTypbl Llupokasi mpupoaHas pacnpoCTpaHEHHOCTh dJIEMEHTOB
Ni u P oOecrieunBaeT BO3MOMKHOCTH  MAacCIITaOMPyeMOro  MPOHM3BOJACTBA  TaKUX

QJICKTPOKATAJIN3aTOPOB AJI MPOMBIIIJICHHOI'O IMIPUMCHCHHS.

[34] Kpowme Toro, Ob110 0OHAPYIKEHO, UTO BBHIMIEOMHUCAHHBIE JIEKTPOKATAIU3ATOPEI HA OCHOBE
dochuma  HUKENs BMECTE C  COKATAU3aTOPOM  HM3MEHSIOT  CEIEKTHBHOCTH  I10
YIJAEpOACOAEpIKAIEMY  MPOAYKTY  BCJAEACTBHE  B3aUMOJEHCTBUS C  HEKOTOPBIMH
MPOMEKYTOUYHBIMUA MPOAYKTAMHU PeakiMu. Takue COKAaTaau3aTopbl BhIOPAHBI U3 BCEX KHUCIIOT
JIstonca wmu Bpencrena-Jloypu, mpencrasmsromux coboit Al AlO™, Si**, SiO*", H3;BOs,
HBOyR; (rme x, y u z, Kaxablii He3aBUCUMO, paBHbI 0 WM MPEACTABISIOT COOOH LIeJI0e YUCIIO,
BeIOpaHHOe oT 1 10 3, mpuuem -(X + (-2y) + (z'n)) =-5 wu -1 wu 0, wum 1 v 2, wom 3, roe n
paBeH -1, -2 wnu -3 i pa3nuuHbIX 3amectuteniedl y R), Takum o6pas3oM, ciioxkHbie d3puper GOpHOI

kucaoTel BKIOYaoT, Harpumep, B(OH)2(OR) u B(OH)(OR)2, a cnoxHbie 3¢upsl 60pOHOBOM
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KUCIOTH BKIOYaroT, Hanpumep, RB(OH)2 1 RB(OR’)2, rne R u R’ = ankwun, apwo, apranku,
reTepoapil, TeTepOapIIANIKIII, NPHYEM TeTepOaTOMbl B TeTepOoapHiie U TeTepOapIUIANIKIIIe
BBIOpAHBI U3 a30Ta, KHCIOPOAA U CEepBl), a TAKKe M3 CMecel AByX miu 0ojiee M3 HHUX HIIH

OJINTOMEPHBIX/TIOJIMMEPHBIX LICTIEH.

[35] Kpome Toro, aHIOHOOOMEHHBIE MEMOPaHBI 00ECTIEUNBAIOT BO3MOKHOCTh Neperoca CO3>
u HewtpampHoro CO2 (BomH.) m H>O Ha MOBEPXHOCTH 3JIEKTPOKATAIM3ATOPA, OTPAHUYUMBAS
noctynHOocTs H™ BCNEACTBHE OTTaNKMBaHWs 3apsmoB. M3eecTHo, uto akTuBHOCTE DCRR
YyBCTBUTECJIbHA K pH, H 4TO 60J1ee BBICOKHE 3HAUCHHA pH YBEIIUYHUBAIOT CCJIICKTUBHOCTH, HO
orpaHnunBaroT HoCTynHOCTh CO2. TakuM 00pas3oM, JOKaJBHOE peryJiMmpoBaHHE JOCTYITHOCTH
MPOTOHOB MOCPEICTBOM MPUMEHEHHUs] aHHOHOOOMEHHOW MeMOpaHsl, a He yBenuueHust pH Bcero
pacTBoOpa, cyuiecTBeHHO OnaronpusatctByet nmporekannio DCRR mo cpaBuenunio ¢ HER. Takum
o0pa3oM, OIMH acCHeKT HACTOSIIEro HM300peTeHHs] OTHOCHTCS K KOMIIO3UTHOMY O3JIEKTPOAY,
cocrosieMy u3 OMHApHOTO 3JIEKTPOKATAIM3ATOPa M COKATAIM3aTOpa COTJIACHO HACTOSIIEMY
M300PETeHUI0 UM PA3JIMYHBIX IIOJMMEPOB C aHHOHONPOBOSIIIMMH CBOWCTBAMHM BOJIH3U

MOBEPXHOCTH 3JIEKTPOKATAIU3ATOPA.

[36] Kpome toro, rumpodoOHbIE MOJIUMEPHBIE MaTepHasbl, BKIIOYEHHbIE B TOIJIOKKY
MeKTpona,  0o0ecrmeyrBalOT  BO3MOKHOCTH — mepeHoca  HedtpampHoro COz (1)  k
anekTpokarajguzaTopy u cokaramuzatopy. DCRR B 3HaYMTENbHOW CTENMEHW 3aBUCUT OT
MAacCOIepPeHOca MPH MOJTYISHNH KUAKHUX IMPOAYKTOB WU IPH MPOBEASHUHN MPOLIECCa B XKUAKHUX
aneKkTposuTax. Takum oO0pasoM, JIOKAJIbHOE YMEHBIIEHHE COTPOTHBIICHHS IMEPEHOCA MOJIEKYJI
rasa TOCPEACTBOM HCKJIIOUEHHUs] BOAbI Oyaromapsi ruapodoOHBIM AOMEHAM CYLIECTBEHHO
OnaronpusITCTBYeT BBICOKOH ckopoctu peakipui DCRR. Takum o0pa3oM, OOHH acrekT
HACTOSALIETO H300peTeHHss OTHOCHUTCS K KOMITO3UTHOMY JJIEKTPOIY, COCTOSIIEMY W3
BBILICONMCAHHOTO JJISKTPOKATAIM3ATOpPAa M COKATANM3aTOpa B PA3IWYHBIX [IOJUMEpax C
nepeMeHHON ruaApo(HOOHOCTBIO WITH C TIEPEMEHHBIM COCTABOM, JJIsl PETYJIUPOBAHUS COBOKYITHOMN

ruapohOoOHOCTH TEKTPOIA.

[37] B napyrom acnekTe HCMONBb30BaHHE AHUOHHOTO HOHOMEPA MOXET OBITh 3aMEHEeHO Ha
- 2-
HMOHHYIO KHIKOCTh, KOTOpas uMeeT GyHKIIHOHAIbHYO rpyriy s nepeHoca HCOs™ unmu CO3

wmi H™. B npyrux acnekrax HacTosuero nzo0pereHus OukapOHaTHbIe, kKapOboHaTHbIe M H™
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(YHKLHMOHAJIEHBIE TPYIIBI CBSI3aHBI C TOJHUMEPOM WJIM PACTBOPUMON MOJIEKYJIOH, MpHUYEM

pacTBOpUMasi MOJIEKYJIa MOKET OBITh PA3HOTO pa3Mepa; MaJIeHbKasi, CPEIHSS WIH KPYITHASL.

PE3YJIBTATBI OTAEJBHOI'O IPUMEHEHUSA DJIEKTPOKATAJIM3ATOPA

[38] Hekortopsle naHHble, TONy4YeHHble 111 (POocHUAOB HUKENS, HUMEIOLMMX pPAa3TUYHBIE
crpyktypbl (NisP, Ni12Ps, Ni2P, NisP4 u NiP;), npencrasnenst Ha ¢ur. 1A, 1B, 1C, 1D u 1E,
cootBercBeHHO. Ha ¢ur. 1A-1E nokazano taxke, yto npu u3mMeHeHnn coctasa ¢ NisP (Beicokoe
coneprxanue Hukensi) 1o NiP; (Beicokoe coneprkanue dpocdopa) MOKHO HAOIIONATE YBEJTUUYEHHE
cenektuBHOCTH DCRR 1pu HU3KOM NpUIIOKEHHOM HamnpspkeHHH. bosiee BRICOKOE MPHIIOKEHHOe
HanpspkeHue OaronpusaTcTByeT BbineneHuto Hr no cpaBHenuio ¢ nmpotekanuem DCRR. NioP u
NiP; nemoncTpupyroT HaubospIIyI0 cenekTuBHOCTH A1t DCRR, HO mepBbIii M3 HUX COCOOCTBYET
nojiyyeHuto npoaykra Cs4, a BTOpOH M3 HHX crnocoOcTByeT mojydeHuto npoaykra Ci. Oto
YKa3bIBaeT Ha TO, YTO U JaHHOTO CeMeHCTBAa OMHAPHBIX COSNUHEHHH, I7ie U3MEHSEeTCS! TOJIBKO
Kpuctanyeckas ¢asa (OOHU U Te ke OMHApHBIE 3JIEMEHTHI), CYyLIECTBYeT OYEBUIHAS PA3HHULIA
mexay cBsspiBaHueM (CO2 ¢ TOBEPXHOCTSMU H, CIIEIOBATENIEHO, YIJIEPOACOAEP KAIIMHU

MPOAYKTAMHU.

[39] Hu omun wu3 osnekxtpokarammsatopoB NisP, NippPs, NioP, NisPs wmm NiP, He
MPOEMOHCTPUPOBa oOpasoBanue ik BeicBoOOkAeHHe CO B KauecTBe raso00pa3HOro
MPOAYKTA, BO3MOKHO BCJIEACTBHE OTCYTCTBHS €r0 00pa3oBaHUs WK HEOOPATHMOIO CBSI3bIBAHHS

Ha YKa3aHHBIX IMOBECPXHOCTAX.

JAOCTU)KEHHUE KOHTPOJIA BBICOKOM CEJIEKTUBHOCTH
IJIEKTPOBOCCTAHOBJIEHUA CO2 IPU NCIIOJb30OBAHUN
COKATAJIM3ATOPA

[40] OnmnucaHHble B HACTOAIIEM JOKYMEHTE COKATAM3ATOPhI BKIIOYAKOT BCE BO3MOJKHEIE
n00aBKH K OMHAPHBIM COEMUHEHHSM HUKelNs U Gocdopa, KOTOPbIE U3MEHSIOT XapaKTEPUCTHKU
KaTAJTUTUYECKOTO TPOIIecCa, HO MPU 3TOM He PacXOoAyroTcs B HeM. [[o6aBku BKIIFOUAIOT JTFOO0H
SJIEMEHT WJIH COEMHUHEHHE, KOTOPOE HE SABISETCS OMHAPHBIM COEMHEHHEM HUKENS U docdopa, B

komuectse 10 50% mo Macce KOMITO3ULIUN.

[41] Taxoi cokaranm3aTop CBSA3BIBAETCS C IPOMEKYTOYHBIM MPOAYKTOM pPEaKIUh Ha

MOBEPXHOCTU HWIHW B pacCcTBOpE: 1) BJIMASA Ha OPUCHTALUKO CBA3BIBAHHA ITPOMEIKY TOUHOIO
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nponykrta, w/wik (2) akTUBUPYS MPOMEKYTOUYHBIA MPOAYKT MJIsi CJIAEAYIOIIeld peakuud C
THIPUAAMH, CBSI3aHHBIMH C TMOBEPXHOCTBIO, WJIH OPYTHMU IPOMEKYTOUHBIMU IPOAYKTAMU
peakimu CO2/CO, w/mnu 3) BiMsis HA MPOYHOCTH CBS3BIBAHHS MPOMEKYTOYHOTO MPOAYKTA,
ycrnuBas win ocnabisist ee, w/nim 4) cnocoOcTBys 00pasoBaHMIO HOBBIX IPOMEKYTOUHBIX

OPOAYKTOB PEAKLIMH HA NOBEPXHOCTH.

[42] Taxwm o006pa3om, cOKATaTU3aTOPHI COTJIACHO HACTOSIIEMY HW300pPETEHHIO, KOTOpbBIS
SABJIAIOTC HWOHHBIMH, IIPEACTABIIAIOT CO6OI>1 COIIPSKCHHBIC  ITapbI KI/ICJ'IOTI:I/OCHOBaHI/ISI u
3apsiKEHHBIE HOHBI, KOTOPBIE HCITOJIb3YIOT BMECTE C 3JIEKTPOKATAIM3aTOPaMU Ha OCHOBe (pocduna
MepexXOAHOr0 MeTalyla B KayecTBe JITHPYIOLUIMX AareHTOB, BKJIIOUEHHBIX BO BpeMs
ANEKTPOKATATUTHYECKOTO CUHTE3a, COBMECTHO OCAKACHHBIX HA AJIEKTPOKATATH3ATOPE HA OCHOBE
dochuna nepexogHOro Merayuia WM AOOABIEHHBIX B JIEKTPOJHT, OMBIBAIOIINN JIEKTPOIBI.
Hpyrue  XuMHYeCKHe  TEePMHHBI, HCIOJb30BaHHBIE sl  OOO3HAYEHHs  YKAa3aHHBIX
COKATAIM3aTOPOB, TMPEACTABJISAIOT COOO¥M  mapel  KUCJIOTBI/OCHOBaHus JIbouca, mapsl
kucnoTel/ocHoBanus bpencrena-Jloypu (Tak:ke U3BECTHBIE KaK KUCIOTHI/OCHOBaHHS bpeHcrena)
U KaTHOHBI/aHUOHBI, COOTBETCTBEHHO. B 4acTHOCTH, I COKATAJHU3aTOPOB B PACTBOpPE
aNIEKTpoJMTa peryiupoBanue pH Moxer oOecriedunBaTh CMECh KHUCIOTHBIX U COIPSKEHHBIX
OCHOBHBIX 4acTWIl Tak, B pacTBOp JJIEKTPOJHMTA MOXKeT ObITh AoOaBieHa OOpHAas KUCIOTA, U
perynupoBanre pH obOecrnieunBaeT cMeCh YacTHI] OOPHOM KHUCIOTHI U OOpaTHBIX 4acTHI]. Takum
e 00pa3oM, B pacTBOP AJIEKTPOIHTA MOXKET ObITh TOOaBJIeH OOpaT HaTpHs, U peryauposanue pH
obecrieunBaeT cMeck OOpHOM KUCIOTHI U Oopara. B nmpyrom acriekre cokaramusarop SBISETCS
HEHOHOTEHHBIM M BJIHSET HA PEaKIHI0 Ha JJIEKTPOKATAIM3aTOpe Ha OCHOBE dochuma
MepexoaHOro MeTasuia B hopMe ocaaka Ha MOBEPXHOCTH (WK B GOpPME JIETUPYIOIIEro areHTa Ha
MOBEPXHOCTH KATAJIU3aTOPA), CBSA3BIBAS MPOMEKYTOUHbIE MPOAYKTHI PEAKIMHA TaKUM O0pasoM,
YTO OHH MOTYT B3aMMOJEHCTBOBATH C IMOBEPXHOCTHIO (hochrma mepexoaqHOr0 MeTaljia WK C
npoMexyToYHbIMH nipoaykTamu DCRR, cBsi3aHHBIMH ¢ IOBEPXHOCTHIO 3JIEKTPOKATATN3ATOpA Ha

ocHOBe (ocduaa nepexoaHOro MeTauia.

[43] TlokaszaHo, YTO CEIEKTHBHOCTh B OTHOIIEHHU MpoaykTa JJis BoccTaHoBjeHuss COz Ha
dochunax HuKeNst MOKET ObITH CYIIECTBEHHO M3MEHEHA MPH J00ABJIEHUH COKATATN3aTOPOB (T.€.
YacTUI[ WJIH MAaTEPHAliOB, KOTOPbIE HE PACXOAYIOTCS W MOTYT CYIIECTBOBaTbh B (opme
PaCTBOPUMBIX MOJIEKYJI B 3JIEKTPOJIUTE, B (hopMe aacopOHPOBaHHBIX MOJIEKYJI HA TIOBEPXHOCTH

QJICKTpOKaTraJanu3aropa, MOIYT OBITE BHCAPCHBI B JJICKTPOKATAJIUTHUYCCKYIO TIIOAJIOKKY WIIH
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HMOHOMEP WJIH TTPOBOASAIIHIA TIOJIUMED, UK MOTYT CYLIECTBOBATEH B (POPME JIETHPYIOLINX HOHOB BO
BCeM 00BEMe DIIEKTPOKATANIM3ATOPA). YKa3aHHbIE [BA KJIacca COKATATU3aTOPOB H300paKeHbI Ha
¢wur. 2A, 2B, 2C ub 2D u B cooTBeTCTBYOIIEH Tabwie 1, rie mokasaH psi MPOAYKTOB H UX BBIXOJ
MpU HE3aBUCHUMOM TmoJiyueHnn Ha NiP ¢ Hcrmosib30BaHHEeM Tpex pasIudHbIX PaCcTBOPHUMBIX
cokaramu3aTopoB mpu ¢ukcupoanaom pH (7,5) B pacTBope 3yeKTpoaHTa). 3HAYUTEIHHOE
WU3MEHEHHEe CeJIKTUBHOCTH MO MPOAYKTY NPOUCXOAUT NpH OOOABJISHMH Napbl KHUCIOTHI-
ocHoBanusi Jlptouca, OopHoii kucnotsl/6opata (H3BO3/B(OH)4), mnm mapbl KaTHMOHHOH
KHUCJIOTBI/OCHOBAHHUS bpeHncrena, reKcaMeTHIEHTeTPaMIHA (CsH2N4H™/CsH12Ny),
MPEeUMYIIEeCTBEHHO B CTOpOoHY npoaykTa Cz, atuneHriukos (93% u 72%, COOTBETCTBEHHO), TIO
CPaBHEHUIO C UCXOIHBIMU IpoaykTamu (ryaBHbeIM oOpasom, C3+Cy). I3MeHeHne celeKTHBHOCTH
0 yIJIEPOACOAepIKALIEMY IPOAYKTY IO CPABHEHHIO C ITAIOHHBIM 3J1eKTpoKaTaauzaropom NisP
COXpPAHSAETCSI BO BCEM PsiIy TNPHIOKEHHBIX HAINPsUKEHHH, Kak mokasaHo Ha ¢wur. 2A-2D.
Hanpotus, Mg?* (xnmaccuduuupyemsiii Kak KaTHOH MiM KucioTa JIpiomca) obecriedmBaet
o0pa3oBaHHe MHHIMAJIBHOTO KOJ4ecTBa mpoaykTa C2 ¥ yBeJIMYEeHHOTO KOJIMYEeCTBA My PABBHHON
KHCJIOTHI TIO CPABHEHMIO C YUCTBIM JIEKTPOKATAIM3ATOPOM; OJHAKO OHO BCE €Ile COCTABJISET
MEHBIIIe MAaKCUMATBHOTO 3Ha4eHUs 15%, 4TO BEpOsITHO 00YCIIOBJIEHO MPEAEIOM PACTBOPUMOCTU
cokaramuzatopa MgCQO;. Cnocobom yiydmeHus MOXET ObITh TPUMEHEHHe OPYTrux
COKATaIM3aToOpoOB C OoJiee BBICOKOW PACTBOPHUMOCTHIO WJIM BHEAPEHHE COKaTajau3aTopa B
MPOBOIAIIYIO MTOMJIOKKY KaTalH3aTopa, PacroIOKEHHYI0, TJIaBHBIM 00pa3oM, B IHAPO(UIBHBIX
obnactsax. [Ipu yBeTHUEHHUH TIPUIIOKEHHOTO OTPHULIATEILHOTO HAMPSIKEHUSI CMEIEHU ST CHUKAETCS
BBIXOJ OKHCJIEHHBIX YTIJIEBOAOPOAHBIX TMPOAYKTOB OOHOBPEMEHHO C KOHKYPHPYIOIIUM
yBennuyeHueM Boixoaa Hy Ha BCeX deKTpOKaTaIn3aTopax ¢ COKaTamM3aTopaMi Witk 0e3 HUX. DTO

JaeT npsiMoe npeacTaByieHue o Mexanusme (cM. ¢ur. 3A-3D).

Tabmmua 1. IlpoaykTsl M BBIXOZ C PacCTBOPUMBIMH COKATaJIM3aTOPAMH COTJIACHO HACTOSIIEMY

M300pETEHHIO WU 0e3 HUX

dapageeBcKka ®apapeescka PapageeBckasn ®apapeescka
MoTenuua A A addekTMBHOCT A
Katanusato n 3dppekTUBHOC 3 dekTuBHOC
3¢ dekTMBHOC b No
P (B no Tb NO Tb NO
RHE) Tb o y dpypanguony Me'rml\}lrg# m;/ca 3TUNEHIMUKON
dbopmuary (%) (%) mo (M3r) (%) 10 (%)
0,00 1,6 72 27 0,0
NizP -0,10 0,6 10 3,2 0,0
-0,20 0,0 11 46 0,0
Ni2P + 0,00 13 0,6 0,2 0,0
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Mg2* -0,10 12 0.9 1,4 0,0

-020 3.0 0.2 0.0 0.0

) 0,00 0.0 15 6.0 79

Hfgo: -0.10 2.8 76 0.0 77

-0.20 14 25 0.1 2.2

NiP + 0,00 0.0 16,6 11 73

rekcameTune -0,10 0,0 3,6 2,7 54
H-TETPamMuH

(HMA) -0.20 0,0 16 15 10

Mexanunsm peaxkuun (¢ur. 3A-3D)

[S2] He orpaHnunBasICch KakOW-TM00 KOHKPETHOW TEOPHUEH, aBTOPBI M300pEeTeHHs TOIaratoT,
YTO KOHKYPEHLIMSI MEXAY CBS3aHHBIM C IOBEPXHOCTHIO MPOMEXKYTOYHBIM MpoaykToM *Ciz u
pereHepanyeli MCXOMHOH MOBEPXHOCTH, MOKpBITOM H', yKasblBaeT HA TO, UTO peAKIMs
obOpazoBanusi mnpeamectBeHHHka C» 1yt koHeuHoro mnpoxaykra MOIT Moxer mnpoTekaTh ¢
OUCCOLIMAIIMEH OT JJIEKTpoKaTain3atopa. IT1a uH(GOpMALUS ONpenessieT THUIT COKATaIH3aTopa,
HEOOXOIMMOTO [JIsl YBEJIMYEHHUS] BBIXOJAa KOHKPETHOTO OKHCJEHHOTO YIJIEBOAOPOAA IIO

cpaBHeHuIO ¢ npyrumu npoaykramu DCRR.

[53] ®wur. 3A u 3B. BoccraHoBieHHe MIIUKOJIbAIBACTHAA: AKTUBALINS AIbJIETUAHON TPYIIIBI
CBSI3AHHOTO C TIOBEPXHOCTBIO TIIHKOJbanbaeruga™ kucnoroii Jletouca (wnu bpencrena).
ObecneunBaeT aKTHUBALMIO ATbAETHAA IUISI BOCCTAHOBJICHHS OO COOTBETCTBYIOIIErO CIIHPTA.

IlpennoxeHHBIN MEXaHU3M TIOATBEPKAASTCS aKTUBaLMel mpyu HU3koM pH.

[34] @wur. 3C. Peaxiuss IUCTIPONIOPLIMOHHPOBAHHUS TJIMKOJbaIbAeruaa-hopMabIaeruaa;
Tunponus CBA3aHHOTO C TOBEPXHOCTHIO (popMajbaeruga™, KaTajlu3HpyeMblii OCHOBaHHEM
JIprouca wiu BpeHcTena, 3amyckaeT peakiyi0 ero AUCIPOMOPLIHOHUPOBAHUS CO CBS3aHHBIM C
MOBEPXHOCTHIO TJIMKOJbATBAEIUAOM™ (MOCPEICTBOM MEKMOJIEKYIISIPHOTO MEPEHOCa THAPHIA) C
o0Opa3oBaHHEM MYPaBBHHOW KHCJIOTHI M JTHJIEHIJIUKOJSI, COOTBETCTBeHHO. Karamusupyemas
OCHOBaHHEM pPeaKLHsl UCTPOTIOPLIMOHUPOBAHUS IBYX KapOOHUIIOB ¢ 0OpazoBaHuEM KapOOHOBOM
KHUCJIOTBI U CITUPTA SIBJIIETCS PUMEPOM KJ1acca PeaKL|ii, HA3bIBAEMBIX peakuusaMu KanHuyyapo.
3areM TmoNyueHHas MypaBbUHAsS KHCJIOTa® MOABEpPraercss dJEKTPOBOCCTAHOBJIEHHIO C
0o0paszoBaHHEM ajibaeruaa™ Ha MOBEPXHOCTH IEKTPOIA U B KOHEYHOM HTOre pacxonyet Beck CO»

¢ 00pasoBaHUEM STHUIIEHTIIUKOJIS.

[S5] @ur. 3D. Ilyte dYepe3 MmIaBeNeBYHO KHCIOTY: T[peTuil BO3MOXKHBIA IIyTh, KOTOPBIH
VIOBJIETBOPSET AOCTYIHBIM JaHHBIM, mNpencraeiseTr coboii BHeapenue CO» B cBass C-H

MYpaBbHUHON KHUCJOTBHI™, CBSI3aHHOW C MOBEPXHOCTHIO. Ha 3ToM cramuu oOpasyercs OKcaar,
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KOTOPBI MOJKET 3aTEM B3aUMOJIEWCTBOBATh C TOBEPXHOCTHBIM THIPUIAOM C OOpa3OBaHUEM

OTUJICHIJIMKOJIA U BOABI.

[56] bopnas kucnora wix OOPOHOBAsT KHCIOTA, WM COOTBETCTBYIOIIHE CIJIOKHBIE dPUPHI, KaK
HU3BECTHO, O6paTI/IMO CBA3BIBAKOTCA C AUOJIaMU, TAKMMHU KAaK 3THJICHIJIMKOJIb. O):[HaKO B HACTOAIIECC
n300peTeHne BKJIFOUEH YCTAHOBJIEHHBIH (DAaKT, YTO TPH CBA3BIBAHHH C IPOMEKYTOYHBIM
MPOIYKTOM COKATATHU3aTOP AEHCTBYET MyTEM CHUKEHHS SHEPTHUU AeCOpOIUN MpOMeKy TOTHOTO

NpoAyYKTa OT IMOBECPXHOCTH, B PE3YJILTATEC UCr0 OH CTAHOBUTCA IICPBUYHBIM IMPOAYKTOM.

[57] Ni2P nonyuanu nocpenctBoM TBepaoda3sHOrO CHHTE3a W TPECCOBAIM B TPaHyJy.
HcnpiTanusi NpOBOAWIM TPU ONPEAESCHHBIX IPUJIOKEHHBIX IMOTEHLHAIAX B JJIEKTPOJIUTE,
HaceimeHHOM CO» (B pactBope, comepxkamem 0,5 M KHCOs u oquH 13 Tpex cOKaTan3aTopos,
BRIOpAHHBIX U3 25 MM rexcamerunenTeTpamMusa, 25 MM GopHO#t KucaoThl man 1,5 MM Mg??).
HcnoeiTanus npoBoAwv NpU AABJICHUH U Temrleparype okpyskawoomei cpeasr, npu pH 7.5, B
TedeHne 16 4acoB IJIA KaKIOrO JKCIepuMeHTa. Temmeparypa OKpysKarouled cpenbl OOBIYHO
cocrasisuia ot 70 mo 80 °F (21-27 °C). CocrtaB ra3oBoii ¢assl KOHTPOJUPOBAIH C MMOMOIIBIO

ra3oBoi xpomatorpaduu, a JKUAKUEe MPOAYKTH aHATH3UPOBATH ¢ omMorisio BOXKX u SAMP.

[S8] Ha dur. 4A npencrapnen cnextp 'H SIMP 311ekTposuTa, r/ie 0CHOBHOM ITHK MPEICTaBIIAeT
co0O0l ATUIEHTIIUKOJIb (d4To moaTeepskaeHo npodmiem BOXX na ¢ur. 4B), moareepsxaarouimii

CMECHICHUEC CCJICKTHUBHOCTHU BCJIICACTBUEC H06aB.HeHI/I$I coKarajusaropa.

[59] IIpennoxeHnsle cokaramu3aTopbl 3()(EKTHBHBI MPU MPUMEHEHHU CO BCEMHU UJIEHAMU
ceMeliCTBa AIIEKTPOKATAIN3ATOPOB Ha OCHOBE (hOCcHUIOB HHKENs, ONMMCAHHBIX BBINIE, BKIHOYAs
NisP, NisP2, NipPs, NioP, NisPs, NiP» u NiP3;, a Ttakke ¢ 3/1eKTpOKaTaIHTHUYECKHUMH
HAHOYACTHLIAMHU U3 CIUIaBa OJHOTO WM Oojee M3 BbimleykazaHHbIX coenuHeHHH NixPy ¢ FerP,
npudeM ykaszaHHbIH criaB umeeT cootHoirenue Ni-P:Fe:P ot 100:0 mo 0:100% wmac., u
MPEANnOYTUTENLHO OT mpuMepHOo 99:1 mo 1:99% mac. OcobenHo mpennouTtutesbHbie Gochumbt

HUKEJ IUI1 COBMECTHOTO KaTtanusa BKIoUaroT Ni3P, Nij2Ps, NioP, NisPs u NiPs.

[60] KonoenTpaumsi cokatanuzatopa B 3JEKTPOJHUTE MOXKET COCTABISATH OT OYEHb HU3KHX
3HAUEHHWH 10 TpefeNia ero pacTBOPUMOCTH W OOBIYHO cocTaBisieT oT npumepHo 0,1 MM no
npumepHo 10 M. IlpennouyrutensHO, IHana3oH KOHLUEGHTPALMN COKATAIN3aTOpa COCTABIISIET OT
npumepHo 0,5 MM o mpumepHO 5 M. AnlbTepHATHBHO, TUAITa30H KOHLEHTPAIMH COKATaIN3aTopa

MOKET COCTaBJISITH OT puMepHO 1 MM go npumepso 1 M, wim ot npumepro | MM 1o npumepHO
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100 MM, unu ot npumepHo 1,5 MM no npumepHo 50 MM, unu ot pumepHo 1,5 MM 110 npumMepHo
25 MM. KoHuieHTpalus pacTBOPUMOro COKaTaIM3aTopa MOKET COCTaBIATh OT mpuMepHo 0,1 MM
no npumepHo 100 MM. CokarannzaTtop MOXKeT MPUCYTCTBOBATH B 3JIEKTPOIUTE B KOHLIEHTPALIUN

npumepHo 1,5 MM unu npumepHo 25 MM.

[61] Kak omrcaHo B HaCcTOSIEM JOKYMEHTE, IMPEJIOKEHO MHOKECTBO IHATIa30HOB 3HAUSHUI.
Cnenyer MOHMMATh, YTO CHELMAIBLHO OIMMCAHO TAKXKE KAXKI0€ NMPOMEKYTOUHOE 3HAYEHHE C
TOYHOCTBIO 0 NEeCATON YacTH €IUHHLIBI HWJKHEro Tpefiesia, €CJIM U3 KOHTEKCTa OUYEBHUIHO He
ClleyeT MHOe, MEKAy BEePXHUM M HIDKHUMH TpefejamMH JaHHOrO nuarasoHa. B Hacrosimee
n3o0pereHne BKIIIOUeH KaKIbIi OoJiee y3KH NHarma3oH Mexay JIIOObIM YKa3aHHBIM 3HAYEHHEeM
WIM TTPOMEXKYTOUYHBIM 3HAYEHHEM B YKA3aHHOM JMAaNa3oHe M JIIOOBIM JPYTUM YKa3aHHBIM HITH
MPOMEXYTOYHBIM 3HAUE€HHEM B KOHKPETHOM YKAa3aHHOM [Auara3soHe. BepxHuil u HIKHHUI
npeAesl Takux OoJiee Y3KHX OUAa30HOB MOTYT OBITH HE3aBHCHMO BKJIIOYEHBI B JIaHHBIN
QMAra3oH WIM HCKJIIOYeHbl U3 HEro, U B HAcToslee HM300peTeHHe BKIIIOYEH TAaKKe KaKIbIU
ZIMAIta30H, B KOTOPOM JIF0O0H M3 IBYX, HM OAMH U3 ABYX HMJIH 00a U3 ABYX MPEAEIOB BKIIOYEHBI B
Oosiee y3kHe AUANa3oHbl, C Y4€TOM JIFOOOTO CIEHAIbHO UCKIIOUEHHOTO Tpefesia B YKa3aHHOM
muanasoHe. Ecnmy ykasaHHBIM AHMAra3oH BKJIOYAST OJWH WM o0a mpenena, TO IHUAra3oHBI,
WCKJTIOYAIOIINe OOWH WM 00a M3 BKJIIOYEHHBIX MPEAENIOB, TAaKXKe BKIIIOUEHBI B HACTOSIISE
nzo0perenue. TepMUH «IIPUMEPHOY» OOBIYHO BKITIOYAET 3HAUEHHS O TUTIOC M MuHyc 10% ot
ykazaHHOro 3HaueHus. Hampumep, «npumepro 10%» mosker o3Hauars aquanazoH ot 9% mo 11%,
a «opumepHo 20» moxer o3Hauate OT 18 mo 22. IlpemmoytuTensHO, KIPUMEPHO» BKIIIOYAET
3HAYEHHUs! A0 IUTIOC WM MUHYC 6% OT yKa3aHHOTO 3HA4YeHHUs. AJIbTEPHATHBHO, (IIPHUMEPHO»
BKJIFOYAET 3HAYEHUs N0 IUTIOC WM MHHYC 5% OT yka3aHHOrO 3HaueHus. [lpyrue 3HaYeHHs
TEPMHHA CIIPUMEPHO» MOTYT OBITh MOHSTHBI U3 KOHTEKCTa, HAIIPUMEp, B Ka9eCTBE OKPYTJICHUS,

HaIpuMep, «IPUMEepHO 1» MoxeT Takxke o3Hadats oT 0,5 mo 1,4

[62] AnbTepHAaTHBHO, BO3MOJKHO JO0OaBIEHHE CoKaTanuzaropa B (opme BTOPOro
KaTATUTUYECKOr0 METaJljla Ha TMOBEPXHOCTH, WM JIETMPOBaHHE APYroro Meramia (WIid HOHA
MeTaJljia) B/HAa MOBEPXHOCTh WK B 00beM sJiekTpokaTtanusartopa. Cokaranu3aTopbl COTJIACHO
HACTOSIIIIEMY H300PETEHHIO BKITIOUAIOT BCE BO3MOJKHBIE JOOABKM K OWHAPHBIM COEOUHEHHUSIM
HUKeNs U pocdopa, KOTOpbIe U3MEHSIOT XaPAKTEPUCTHKU KATATUTUUECKOTO MPOLIECCA, HO MPHU

9TOM HE pacxXxoayroTCsa B HEM.
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[63] Bropoii cokaranUTHYECKHA METaJUT MJIM HOH MeTaJula IOJLKEH OBITh BBIOpaH M3 TPYIIIEI,
KOTOpas, Kak U3BeCTHO, cmocobctByer BocctaHoBieHnto CO; wm CO wm  npyrux
MPOMEKYTOUYHBIX MpoaykToB peakiinu DCRR. On BriTtouaet, 6€3 OrpaHuueHs, TAKUE METAIIIBI
kak Cu, Ag, Au, Zn, a Takke WX HHTEPMETAJUTMUECKHE WU OKCHIHBIE COEIMHEHUS.
CoxaranuTHyeckuii MeTajul, HHTePMETAJUIMYECKOe COeNMHEHHEe WM OKCHI MPEANOUYTHTENEHO
MPeCTaBISIOT cOO0N HAaHOYACTHLIBI ¢ pazMepoM oT rpumepHo 0,1 no mpumepno 1000 um. Pazmep
YaCTUL] COKATAIU3aTOPa MOKET COCTaBIIAThL OT npuMepHo 0,5 HM g0 npumepHo 1000 HM, unu oT
npumepHo 0,5 M g0 npumepHo 500 HM, Wiu oT npuMepHo 0,5 HM 10 npumepHO 50 HM, I OT
npumepHo 0,5 HM A0 npumepHo 20 HM. Pasmep uacTull cokaTaqn3aTopa MOXKET COCTABIATH OT
npumepHo 0,1 HM no mpumepHo 500 HM, wnu oT npumMepHo 0,1 HM 1o mpumepHO 50 HM, WIH OT

npumepHo 0,1 HM 10 mpuMepHO 5 HM, Uik oT puMepHo 0,1 HM 10 MpUMepHO 2 HM.

[64] OcaxneHue Takoro cokartamuzatopa Ha ¢Gocdume HHKEIS HU3MEHSET CEJEKTHBHOCTb
peakLrH MOCPENCTBOM HM3MEHEHHs COCTaBa M CBs3bIBaIOLIel ap@UHHOCTH MPOMEKY TOUHBIX
TIPOYKTOB peakimu Ha nosepxHocTH. Ha cnextpe 'H SIMP Ha ¢ur. 5 moka3aHsl NpOmyKTHI
BocctaHoByieHus: CQO;, oOpa3oBaHHBIE MPH JJIEKTPOOCAKICHUH METAUIMYECKOM Meau Ha
HaHovactuiax NioP wmu pacrBopumbix cosieli Cu na Hanouactuiax NioP npu 0 B mo RHE u
kuciaotHoMm pH. TlonyueHHble HaHHBIE JEMOHCTPUPYIOT OOpasoBaHue nByX coenuHenwuii Cs (3-

rUapoKcu-2-pypaHkapOokcanbaernaa u 2-ruapokcu-3-dypankapOookcanbaeruaa).

INPOTOYHBLIE CUCTEMBbI

[65] B HacTosIeM TOKYMEHTE MOKa3aHO, YTO OMHAPHBIE JJIEK TPOKATATUTHYECKHUE COSTUHEHH S
Ha ocHOBe (ochuma MEPexXoqHOr0 MeTajila B KOMOHHAIMH C COKATajlku3aTopoM OO0JIamaroT
HEOKUIAHHOUW CeJIEKTUBHOCTBIO MO yriepoaconepxkamemy npoaykty DCRR B oTHomeHuwn
YIJIEBOAOPOIOB HJTH OKUCIEHHBIX YTIIEBOAOPOIOB. 1IpH mepexirroueHnn Ha MTPOTOYHBIN PEaKkTop,
B KOTOPOM Haa pabouuM dJEKTPOAOM HenpepbiBHO mnpomyckaioT CO», yriepoaconaepskaiiie
MPOYKThI 00pasyroTcs ¢ Oojiee BBICOKOM CKOPOCTHIO M B 00Jiee BRICOKHUX KOHIIEHTPAIHAX. ITO

o0pasyeT APYrou acrekT HACTOAIIETO H300PETEHUS.

[66] OnuH acneKkT HACTOSIIErO U300pETEeHHs OTHOCUTCS K KOMOMHALMH 1) KaTtoaa AJist psiMoro
ANEKTPOXUMUYECKOTO BOCCTAHOBJIEHUSI TMOKCHIA YTIIEPOAA H/WITM MOHOOKCH/IA YTJIEPO1a BMECTE
¢ mMOOBIMU JPYrUMH NOOABJIEHHBLIMU YTJIEBOJOPOJHBIMH  MOJIEKYJIAMHU, COMAEPIKAIUMU

AJIBACTUIHBIC NN KETOHOBBIC (1)YHKL[I/IOHa.]'II:HI:Ie TPYIIIBEI 1 peaKI_lI/IOHHOCHOCO6HI:Ie a.]'II:(l)a-aTOMI:I
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BOZIOPOJIa, 10 OKUCJIEHHBIX YTJIEBOAOPOAHBIX MPOAYKTOB, IPHUEM YKA3aHHBIH KATOI COMEPIKHUT
MPOBOSINYI0 HECYINYIK IIOMJIOKKY U JJEKTPOKATAIIUTHYECKOE TMOKPBITHE, IIPH 3TOM
ANIEKTPOKATATUTHYECKOE MOKPBITHE COAEPKHUT HaHOo4acTULpl NixPy, e X u y mpeactaBisioT
co0O#i 1iesble Yncia, TaK 4TO yKasaHHble coemnuHeHus BbiOpaHbl U3 NisP, NisP> NioPs, NioP,
NisPs, NiP2 u NiP3; wnm snekTpokataauTHyeckoe MOKPBITHE COASPIKUT HAaHOYACTHIBI NixPy,
BbiOpanHbie U3 NisP, NisP2, Ni12Ps, Ni2P, NisP4, NiP» u NiPs3, u nononuutenbHo criiasieHo ¢ FeoP,
npuYeM yKa3aHHbIH cruiaB umeeT cootHomeHue Ni-P:Fe:P ot mpumepno 99:1 no 1:99% mac.%;
MPU HTOM MPOBOASILIAS HECYIAs TTOUIOKKA COAEePKUT ruapodoOHbie obnactu u ruapod mIbHbIE
obmacti 1Jisl COAEWCTBUsSL ancopOLMHM MUOKCHIOA YIJIEpOAa W/WIM MOHOOKCHIA Yrjiepoja H3
ra3oBOH WK BOAHOM (hasbl 1uist TOCTUKEHHSI O TACTSHHS OT MOJIEKYJI BOABI, ITPH 3TOM IO MEHBIIeH
Mepe HEKOTOpBIE JIEKTPOKATATUTHYECKUE YACTULBI PACTIONIOKEHBI B THAPOPOOHBIX 0OIacTsix
MPOBOASINEN Hecyllel MOUIOKKH U KaTAIUTHYECKH B3aUMOJEHUCTBYIOT C JUOKCUIOM yIiepona
W/WJIH MOHOOKCHIOM YTJIEPOAA MOCPEACTBOM IJIEKTPUUYECKOTO BOCCTAHOBJIEHUS C 0Opa3oBaHHeEM
OKHCJIEHHBIX YIJIEBOJOPOIHBIX MIPOAYKTOB; M 2) COKATAIM3ATOPA Uil BOCCTAHOBJICHHS TUOKCHIA
yriepoaa W/ Ui MOHOOKCHAA YIJIepoaa, OTIMYHOTO OT (Gocduaa HUKENs, PACIIONI0KEHHOIO IS
COBMECTHOTO JEUCTBHUS C YKa3aHHBIM 3jiekTpokataimsatopoM. CootHomenue Ni-P:Fe,P mosxker
cocraByiATe OT mpumepHo 99:1 mo mpumepro 1:99% wmac. CoortHomenue NiP:Fe,P mosker
COCTaBJIATE OT mpuMmepHO 95:5 mo mpumepuo 5:95% wmac. CoortHomienue Ni-P:Fe:P mosker
cocraBiiate OT rpumepHo 90:10 no mpumepro 10:90% wmac. CootHomenue Ni-P:Fe,P mosker

COCTaBJIATE OT MpUMeEPHO 25:75 no mpumepno 75:25% wmac.

[67] Coxaranu3aTop MOXKeT COAEPIKaTh KUCIIOTY; KUCIOTa MOKET ObITh BBIOpAHA M3 KHUCJIOTHI
JIsromca umu kucnotel bpencrena-Jloypu. Kucnora MoskeT ObITh BEIOpaHA U3 TPYIIILI, COCTOSIIEH
w3 Zn?, Fe2, Fe’*, Ca?*, Mg?*, Al”, AlO", Si*", Si0**, HsBOs, H\BOyR; (rme X, y ¥ z, Kaxblii
HE3aBUCHMO, paBHbI 0 WIK MPENCTaBIISIFOT COOOM 1eNI0e YK CI0, BeIOpanHoe oT 1 10 3, mpudem -(x
+(-2y) + (z'n)) =-5 v -1 wmu 0, vm 1 v 2, v 3, tae n paseH -1, -2 win -3 1711 pa3inuuHbIX
3amecTtutesier y R), Takum oOpasom, ciiokHbie 3QHUpbI GOPHOM KHUCIOTHI BKIIOYAIOT, HAPUMED,
B(OH)2(OR) u B(OH)(OR)2, rae R = ankw, apui, apuiajikil, TeTepoapul, TeTepoapuTaiKm,
MpUYEeM T'eTepOoaTOMBI B reTepoapuiie M TreTepoapuIaIKuiie BBIOpAHBI U3 a30Ta, KHUCIOpOAA H
Cepel), a TakXke U3 cMecedl AByX wiaH Oosiee u3 Hux. [logxomsiue R = ajkuiibHbBIE TPYMIIBI
BKJIFOHAIOT, 6€3 OrpaHudYeHus], METHII, 3TWUJI, H-TIPOTIIJI, U30-TIPOITHJI, H-Oy THII, BTOp-O0yTHII, HU30-

OyTws, TpeT-OyTHWJ, H-TIEHTWI, W30-TIEHTH]I, BTOP-NIEHTHJI, TPET-TIEHTHUI, HEOMEHTHUII.
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IMoaxonsimue R = apuiibHbIe TPYIILI BKIOYAIOT, 0e3 orpanndenus, Gpenut, oudennt u Had U,
HeoO0s3aTeNIbHO 3aMeleHHBIN OTHUM WJIH O0Jiee U3 rajloreHa, aIKOKCH, ATKMITHO, alTKUJIA, IIUAHO,
HHUTPO, aJIKUIICYJIb(HOKCHIA, aNKHUICYIb(pOoHA, apuicyibdoHa.

[68] Coxaramuzatop MoxeT comepxarb coenuHeHne Oopa ¢opmynsl HiBOyR,, umeromee
creniedb okuciienuss —5, —1, 0, +1, +2 wnn +3, Tak 4TO IEBIe YHCIA X, V U Z ONPEHeSICHBI
ypaBHeHueM -(X + (-2y) + (z'n)) = -5 wm -1, wm 0, wm 1, vum 2, v 3; rae n paseH -1, -2 wim -
3 nns pa3nuuHbIX 3aMmectutenien y R, roe R nmeer sHauenne, ykazanHoe Boitne. IIoMUMO CITOKHBIX
a¢upos 6opHoit kuciaotel B(OH)2(OR) u B(OH)(OR),, rae R = CHj3, anxwun, CeHs, apun u 1.4,
onn BO4aroT Takke (CsHs)sB (Tpudennntopan) u HiNBH3, ecu x i y pasen 0, u H:BO3

(6opnas xucnora) u BHs, ecnu z pasen 0.

[69] CoxaranuzaTop MOXET COAepXkaTh OCHOBAaHHE, OCHOBAHHE MOJXKET ObITh BBIOPAHO W3
ocHoBanus JIbronca ninn ocHoBaHust bpencrena-JIoypu. OcHOBaHue MOKeT OBITH BBIOpAHO H3
NH3;, kapOamuna, MOUEBUHBI, THAPA3UHA, IEPBUYHBIX AMHHOB, BTOPUYHBIX AMUHOB, TPETHYHBIX

AMHWHOB, ITIUPUIWHOB U cMeceit ABYX UJIH 0oJiee 13 HUX.

[70] Karom moxer ObITb MpUBEAEH B KOHTAKT C PACTBOPOM JJIEKTPOJIMTA, COAEPIKAIIUM
COKaTaU3aTop, WIM COKATAIN3ATOP MOXKET MPEACTABIIATE COOOM MOHHBIN JKUIKUH 3JIEKTPOJIUT,
uMeronnii GyHKIMOHATBHYIO rpymnmy mis nepeHoca HCOs wmu COs*, wmu HY, u npuseneH B
KOHTAaKT C KaroJ0oM. AJIbTEPHATHBHO, COKATAIN3ATOP MOXKET MPENCTaBIIsATh COO0H NOHOMED HITH
MPOBOSAIIHAM TIOJIUMED.

[71] Kpowme Toro, cokaraauzaTop MOKET COAEPKATh pacTBOpuMyto cosib Cu, Ag, Au, Zn, cMecu
IBYX WM 0ojiee M3 HHUX, WUIM MX COJH WIH OKCUABL TaKWe COJIM WM OKCHIBI CTAHOBSITCS
PacTBOPUMBIMH TIpH orpeneieHHOM pH. AJbTepHATHBHO, COKATATH3AaTOP MOKET COIEpPIKATh
MPOCTONM MeTalsl WM cruiaB, BeIOpaHHBIM U3 Cu, Ag, Au, Zn U UX HHTEPMETAJUTHUECKHX
coequHeHUH. MeTaul WM MHTePMETAUTNYEeCKHe COSAMHEHUS] COKATAIM3aTOpa MOTYT OBITH B
¢dopme HaHouacTHl. HaHOYACTHIBI COKATAIUTHYECKOTO METAIA, HHTEPMETAJUINYECKOTO
COENMHEHHs UM OKCHAa UMErT pazmep oT npumepHo 0,1 no mpumepHo 1000 am. Pazmep wactun
COKaTaM3aTopa MOXKET COCTaBsiTh OT mpumepHo 0,5 HM mo mpumepno 1000 M, wim OT
npumepHo 0,5 M go npumepHo 500 HM, niu ot npuMepHo 0,5 HM 10 npumepHo 50 HM, WIH OT
npumepHo 0,5 HM a0 npumepHo 20 M. Pasmep yacTull cokarann3aTopa MOXKET COCTABIISITH OT
npumepHo 0,1 am go npumepno 500 uM, unu ot npumepHo 0,1 HM g0 pumepHOo 50 HM, WK OT

npumepHo 0,1 HM 1o mpumepHO 5 HM, UK OoT npuMepHo 0,1 HM 1O MpUMEpPHO 2 HM.
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[72] He orpannuuBasch KakoH-IMOO KOHKPETHOW TEOpHEH, MOJararwT, YTO COKATaJM3aTop B
BBIIIEONMUCAHHON KOMOWHAILMM CBSI3bIBAETCS C MPOMEXKYTOYHBIM TMPOAYKTOM peakiUh Ha
MOBEPXHOCTH HJIEKTPOKATAIHM3ATOPA WM B PACTBOpE U 1) BIUSIET HA OPUSHTALMIO CBS3BIBAHUS
MPOMEKYTOYHOTO MPOAYKTa W/HWIN 2) aKTUBHPYET MPOMEKYTOUHBIN MPOAYKT IJisl CIEeAYOLei
peakiMu C THAPUOAMH, CBSI3aHHBIMH C TIOBEPXHOCTBIO, WU OPYTHMH IPOMEKYTOYHBIMH
nponyktamu peakiuu CO2/CO, w/win 3) BIUsieT HA MPOYHOCTh CBSI3BIBAHHUS MTPOMEKYTOYHOTO
NpOAyKTa, ycwiuBas wian ocnabmsis ee, w/mwimm 4) crnocobecTtByeT 00pa3soBaHHMIO HOBBIX

MNPOMENKKYTOYHBIX IIPOAYKTOB PCAKIIMH Ha IIOBEPXHOCTHU.

[73] Karon moxer ObIThb mpUBEAEH B KOHTAaKT C PAacTBOPOM 3JIEKTPOJIUTA, COMEpP KaLIUM
COKATAIU3aTOp, C TMPOBOAALIEH MOJIOKKOM, JOMOJHUTENBHO COAEpXKalled TOT ke
cokaranu3atop. IIpoBoasimas Hecymas NoI0KKA MOXKET JOMOJHUTEIBHO COAEPKATh MaTepHual,
MOJUIeKAIUH  BOCCTAHOBJIGHHMIO, OJylaromapsi 4YeMy  JIEKTPOKATATUTUYECKOE  ITOKPBITHE
KaTAJINTUYEeCKH B3aUMOEHCTBYET C MaTepHajioM, IOAJIeKAIMUM BOCCTAHOBJIEHHMIO, KOTOPBIM
BKJIIOUEH B NPOBOMSIIYIO0 HeCcyllyl Nomaoxkky. IlpenmoururensHo, MaTepual, MOAJIEkKAUN
BOCCTAHOBJICHUIO, COJEPXKUT MUOKCHJ YIJepoja, MOHOOKCHJ yrjepoja WJIH HX CMecCh.
ANbTepHATUBHO, MPOBOASIIAS HECyIlasl MOUIOKKA MOXKET IMPEACTaBNIsATE cOO0H MOHOMEp HITH
MPOBOISIIIIAK TOJIIMED.

[74] pyroii aceKT HacTOSIIEro H300peTeHHsI OTHOCUTCS K CIIOCOOY MOJTyUEHHUsT OKUCITEHHBIX
YIJEBOAOPOAHBIX MPOAYKTOB K3 BOMABI, IUOKCHAA YIJIEpOAda H/HJIM MOHOOKCHIA Yrjieponaa
MOCPEACTBOM PEaKIMH 3JIEKTPOJIN3a, KOTOPYIO OCYLIECTBISIFOT CIERyrumuM obpazom: (a)
BBelleHHEe KOMOWHAITMM KAaToJa C 3JIEKTPOKATATUTUYECKHUM TOKPBITHEM M COKATaju3aTopa B
ANIEKTPOJIUT BMecTe ¢ aHomoMm; (b) mpuBeaeHHe aHOAA W KAaTOAa B IMPOBOMSIIHI KOHTAKT C
BHEIIIHUM MCTOYHHKOM 3JIEKTPUYECKOTO TOKA; (C) oOecreueHne Ha KaToae UCTOYHHKA YIieponaa
U3 TUOKCHIA YIJIepoaa W/WIH MOHOOKcHAA yriepoaa; u (d) momaya 37aeKTpUYeCcKOro TOoKa st
MPOBEICHUSI PEaKMU 3JIEKTPOJIM3a HA KaTONEe, B PE3yJbTaTe Yero NMPOUCXOAUT CEJIeKTHBHOE
oOpa3oBaHHE OKHCJICHHBIX YIJIEBOMOPOAHBIX TMPOAYKTOB K3 MAHOKCHAA YIJIepoaa W/Wiu
MOHOOKCHIA yriepoaa. B mnpenioxeHHOM criocole 3JeKTPOKATaIu3aTtop M COKaTaIU3aTop
BBIOpaHbI /IS MOJTyYeHUs] MPOAYKTa, BeIOpaHHOTO M3 2,3-¢ypananona, 2-dpopmuidypan-3-oa,

ITUAEHTIIUKONA, 1,3 -nponanaunona, 1,2-mponaHanoa, X CTEPEOU30MEPOB U UX KOMOWHAITUH.
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[75] TIpenmouTuTenbHO, HCTOYHHK OMOKCHUAA YIJEepoda WHWIM MOHOOKCHIA Yrieponaa
npencTasisieT coOONW TeKyunid HCTOYHUK. TeKyduuil HMCTOYHHK MOJKET MPEACTAaBISATH coOOM

MPOTOYHBIN PEAKTOP.

[76] [omomHUTENBHBIM AaCHeKT HACTOSIIETO HM300peTeHHWs OTHOCHUTCI K  Crocoly
BOCCTAHOBJIEHHSI AUOKCHIA YIJIEPOAA M0 OKHUCIEHHOTO YIJIEBOAOPOMHOTO MPOAYKTA, KOTOPBI
OCYILECTBIIIOT CIEAYIOUUM 00pasom: (a) BBENEHHE KaToga B BOMHBIN JJIEKTPOJIUT BMECTE C
AQHOZIOM H COKATAIM3aTOPOM, TPENCTABISIFOUINM COOOM KHCJIOTY HJIM OCHOBAaHHE, MU
3apsKeHHBbIE MOHHBIE YACTHLIBI, ITPUYEM KAaTOJ CONEPIKHUT MPOBOMSIIYI0 HECYLIYIO MOIJIOKKY,
COKATAIM3aTOP COAEPIKUT KHUCJIOTY HJIM OCHOBAaHHE, WIH 3apsUKEHHbIE MOHHBIE YAaCTHULBL, U
EKTPOKATATU THYECKOE MOKPBITHE U3 HaHOUYACTULl NixPy, r1e X U y npeacTasisitoT co0oit uebie
YKCJIa, TaK 9TO yKasaHHbIe coequHenus BeiOpansl 3 NisP, NisP2, NijoPs, NioP, NisPs, NiP> u NiPs,
IPUYEM COKATATU3ATOP MOXKET HAXOAUTHCS HA MPOBOSILIEH MOMIOKKE, B IEKTPOJIUTE WU B
oboux BapuaHTax; (b) mpuBeneHHe aHOKA W KaToAa B MMPOBOASLIMI KOHTAKT C BHELIHUM
HUCTOYHHMKOM DJIEKTPUYIECKOTO TOKa, (C) obecriedeHre Ha KaToAe TeKyuero HCTOUYHHMKA THOKCHUIA
yriepona; u (d) momadya 3JeKTPHUYECKOrO TOKA [UIsl MPOBENSHUs PEaKiHMy 3JIeKTPOJIN3a, B
pesyJibTaTe KOTOPOM Ha aHO/E 00Pa3yOTCs dJIEKTPOHBI, JOCTABJIIEMbIE HAa KaTO, Oyarofapst uemy
U3 TUOKCHIIA YIIIEPOIA, DIEKTPOHOB U BOBI 00Pa3yeTCsi OKMCIIEHHBIN YIIIEBONOPOMHBIN MPOAYKT,
a DJIEKTPOKATAIU3ATOP W COKATAJIM3aTOpP BBIOPAHBI TaK, YTO OOPA3yHOIIUACS OKUCIEHHBIN
YIJIEBOIOPOIHBIN MPOAYKT BEIOPaH M3 YIIEBOAOB, KapOOHOBBIX KHUCIIOT, albAETHIOB, KETOHOB U

cMecel MByX WM OoJiee U3 HUX.

[771 Jpyroii acrekT HACTOAMIETO HM300PETEHUsS] OTHOCHUTCS K CHOCO0y BOCCTAHOBJIEHUS
MUOKCHIA Yriiepoaa A0 OKHCJIEHHBIX YIJIEBOJAOPOMHBIX IPOIYKTOB, KOTOPBIA OCYIIECTBISIOT
creayrompM obpasoM: (a) BBeAeHHE KATOA B SJIEKTPOJIUT BMECTE C aHOAOM U COKATATU3aTOPOM,
MPUYEM KaTON COAEPIKHUT TMPOBOIAIIYI0 HECYIIYIO TIOUIOKKY H DJEKTPOKATAIHUTHUECKOE
MOKPBITHE, MPH 3TOM JJIEKTPOKATATUTHYECKOE MOKPBITHE CONEPKUT HaHOUacTULbl NixPy, roe x u
y TIPECTABJISAIOT COOOH LIENbIE YMCIIa, TAK YTO YKa3aHHbIE CoequHeHus BoIOpanbl 3 Ni3P, NisPs,
Ni12Ps, Ni2P, NisPs, NiP2 u NiP3, npuyeM cokaraan3atop MOKET HAXOIUTHCS HA MPOBOIAIIEH
MOJJTOKKE, B JJIEKTPOJUTE WM B 00OMX BapHWaHTAX; MPH 3TOM COKATAIM3ATOP CBS3BIBAETCS C
ANbIETUAHON, KETOHOBOW WIJIM CIIUPTOBOM (PYHKIIMOHAIBHOW TPYIION MPOMEKYTOUHOTO
MPOAYKTA PeaklWd, aKTUBUPYs €ro Uis CIeOyIoLed peakuud ¢ 3nekTpokaramusatopom; (b)

MNPpUBCACHHUEC aHOOa U KaToda B HpOBOI[SIH_II/Iﬁ KOHTaKT ¢ BHCIITHUM HCTOYHUKOM 3JICKTPHYCCKOTO
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Toka, (c) obecrieueHrWe Ha KaToae TEeKy4ero HMCTOYHHMKA AUOKcHaa yriepona, u (d) momaua
ANIEKTPUUYECKOTO TOKA IS TIPOBENEHHUS PEAKIIMH JIEKTPOJIN3a, B pPe3ysIbTaTe KOTOPOH Ha aHOIE
00pasyroTCcsi JJIEKTPOHBI, MOCTABIIIeMble HA KaTOI, I W3 AHOKCHIA yriepoma oOpasyeTcs
OKHCJIEHHBIH YTJIEBOAOPOAHBIN MPOAYKT, a JJIEKTPOKATAIH3ATOP U COKATAIN3ATOP BRIOpAHbI Tak,
YTO 00Pa3yIOUIUICS OKHUCIIEHHBIH YTIJIEBOAOPOIHBIN MPOIYKT BHIOPAH M3 YIJIEBOI0B, KapOOHOBBIX
KHCIIOT, albJErHI0B, KETOHOB U CMecel nByxX wiu Oosiee mu3 Hux. CokaraausaTop MOXKeT
MPEACTaBATE coboi metasut, BeIOpaHHbI U3 Cu, Ag, Au, Zn U UX HHTEPMETAJUTHYECKUX
coenuHeHnH. MeTalml Wi HHTEPMETATHYECKHE COSOUHEHHUST COKaTaln3aTopa MOTYT ObITh B

(dbopMe HAaHOYACTHIL,

[78] OnexTpokaTanM3aTOPHl B MPHUBENSHHBIX HIKE MPUMEPAX CUHTE3UPOBAIU U OMUCHIBAIIN
METONAMH H3MEPEHHUST PU3HIECKUX XapaKTEPUCTHK ISl YCTAHOBIEHHS UX ATOMHOM CTPYKTYPBI; a
WX aKTUBHOCTh B OTHOIeHHMH HER WCHOBITBIBANIM 3J€KTPOXUMUYECKA U METOIOM Ta30BOU
xpomarorpadguu. DIEKTPOKATAIU3ATOPLI COMIACHO HACTOSIIEMY H300PETEHHIO MOTYT OBITh
HAHEeCEHBI Ha HJIEKTPOA B (JOpME THTAHOBOU IUIEHKH, HAIIPUMED, MOCPEICTBOM IMPECCOBAHHS B
IPaHyJIy U CBS3BIBAHUS C DJIEKTPOAOM B (OPME TUTAHOBOH IJIEHKH C TIOMOIIBIO CepeOpsiHOM
KpacKu u 3aKJIEEHBI HETPOBOASIIEH AMOKCUAHOM CMOJIOM. ANbTepHATHUBHO,

AJIEKTPOKATATM3ATOPBI MOTY T OBITh HAHECEHBI HA YTJIEPOIHBIN WM KepaMHUYeCKUH TTOPOIIOK.

[79] CuHTe3upOBaHHBIE JJIEKTPOKATAIHU3ATOPBI COTJIACHO HACTOSIIEMY H300PETEHUIO HUMEIOT
pasMep 3epeH oT npuMepHO 5 HM 110 npumepHo 5000 HM, NMPEANOYTHTENEHO OT MPUMEPHO 5 HM
1o npumepHo 1000 HM, GoJiee MPenrmoOYTUTEFHO OT MPUMEPHO 5 HM A0 npuMepHo 500 HM, u emme
Ooyiee MPEANOUTHUTENLHO OT MpUMEpHO 5 HM 10 mpumepHo 20 HM. Pasmep 3epeH MOXKeT
BapbupoBaThCs OT mpuMepHo 10 go nmpumepro 4000 HM, win OoT npumepHO 25 mo mpumepHo 3000
HM, W oT npuMepro 50 no nmpumepHo 2500 HM. Pasmep 4acTHIl MOKET COCTABIISITh IO MEHBIIEH
Mepe 100 uM. YkazaHHbIE 3epHA SBISIOTCS YaCThIO 0OJiee KPYIMHBIX CPEPUIECKUX arIOMEPATOB
gactuy pasmepom 0,3-1,8 mxm. OOGHapykeHO, YTO MOJTOBEYHOCTH JJIEKTPOKATAIM3aTOpa B
yCaoBUAX dyekTponn3a kak B 1 M kucnore H2SO4, Tak 1 B 1 M NaOH siBnisleTcst 10CTaTtoqHO
BBICOKOMN. J[OKazaTebCTBA OCHOBAHBLI HA DJIEKTPOXUMHYECKON CTAOUIBLHOCTH U PEHTTeHOBCKOMN
¢yopecLeHIIH, TOATBEPIKAAIOIIEH aTOMHBIN COCTAB MOBEPXHOCTH, & TAK)KE HA BHEIITHEM BHUJE

Ha MaKpOYpPOBHE.

HECYHIHUE IIOJJIOKKH
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[80] B cooTBeTCTBHHU C APYrMM acleKTOM HACTOSMIETO WU300pETEHHs, JJIEKTPOKATAIU3ATOD
COASPKUT KATAJIUTUUECKYK) TPYIy U TPOBOMSAIIYID HECYIIYIO TOMIOKKY, K KOTOPOU
MPUKPETJIEHO MHOJKECTBO KaTaTUTHUYECKHUX rpymm. Hecyimas moayoxkka MOXeT ObITh CriocoOHa
BKJIIOUATE B C€0sI KATHOHBI BOOOpOOA, U 1o MeHbIIIeH MEPE HEKOTOPBIC KATAIUTUYCCKHE I'PYIIIIbI,
MNPUKPCIUICHHBIC K HecyLueI‘/'I MNOAJIOKKE, MOTI'Y T KATAJIUTUYCCKU B3aI/IMOJ:(eI‘/'ICTBOBaTI: C KaTHOHaAMH
BOZIOPO/a, BKJIFOUEHHBIMH B HECYLIYIO0 MOUIOKKY. Hecymmas moamosxka MoxkeT ObITh criocoOHa
BKJIIOUATL B ce0st MOJICKYJIBI BOABI, U IIO MEHBbII el MEPE€ HEKOTOPHIC KATAIUTUUCCKHUEC TPYIIIIBI,
NPUKPEIUIEHHbIE K Hecylled MOMJIOKKEe, MOryT KaTaIUTUYEeCKH B3aUMOJEHCTBOBATh C
MOJICKYJaMH BOJbl, BKJIFOYCHHBIMU B HECYLIYIO ITOAJIOXKKY. Hecymaﬂ IMOJJIOKKA MOKET OBITH
crocobHa BKJIIOUATE B CeOsl TUOKCHIT YIIIEPO A, U IO MEHbIIEH Mepe HEKOTOPhIE KaTaTUTHIECKHE
TPYIIIBI, NPUKPEIUIeHHBIe K HeCyIIel MOJIOKKE, MOTYT KAaTaTUTUYECKA B3aUMOJEHCTBOBATH C
mosiekysamu CQO», BKIIIOUEHHBIMH B HECYIIyIO MOMIOXKKY. Hecymias momjokka MOXKET ObITh
criocoOHa BKJIIOYATh B ce0sl COKATATU3aTOP, M MO MEHbIIEH Mepe HEeKOTOpPbIe KaTATUTHYECKHE
rpynmel, 00pasyloNmMe HECYIYK IOMJIOKKY, MOTYT KATIUTHYECKH B3aUMOIEHCTBOBATH C

COKaTamM3aTOPOM, BKIIFOUCHHBIM B HECYIIYIO IMMOJJIOKKY .

[81] Hecymas nomioxka HMeeT MHOXECTBO IOPHCTBIX OOJacTel, KOTOPBIE SIBIISIOTCS
MHUKPOITOPUCTHIMH, ME30TIOPUCTBIMH H/WJIM MaKpOTOpHUCThIMUA. HecyInas MOaioxkKka MOKET
NPEACTABIATh COOOM MHKPONOPHUCTYIO TMOJUIOKKY, MMEIOLIYI0 CpPeIHHMH pasMep Iop MeHee
npumepHo 2 HM. Hecymas mouiokka MOXKeT NPEeAcTaBisTh cOO0H ME30MOPHUCTYIO MOIIOXKKY,
MMEIOIIYI0 CPeaHUI pasMep mop oT npuMmepHo 2 no npumepHo 50. Hecymias momgmoxka MOKeET
MPEACTABIATh COO0M MaKpOIIOPUCTYIO TMOIUIOKKY, UMEIOIIYI0 CPEAHUM pa3Mep dacTui] Oojee

npuMepHoO 50 HM.

[82] Hecymas noayioxkka sSBISETCS TMPOBOIANISH B OTHOIIEHUHN 3JIEKTPOHOB, TIO3TOMY KOTIa B
OTHENIBHBIX TOYKAX HeCylled MOJUIOKKH CYIIECTBYET Pa3HOCTh DJIEKTPHUYECKHX TMOTEHIHAJIOB,
MOJBHKHBIE 3apsfbl B HECYIIEW MMOIOKKE BBIHYKIAEHBI IBHUraThbCs, U MEKAY YKa3aHHBIMH
TOUYKAMHU T€HEPUPYETCS AIEKTpHUeCKUil TOK. [IpoBOAMMOCTE HecyIel MOIJIOKKH MOKET ObITh
ofecrieueHa TOCPENCTBOM HAHECEHUS TOHKOTO CJIOs HeCylled MOJIOKKHA Ha MPOBOISIIHMA
matepuan. Ilogxonsiue MNPOBOASIINE MAaTEpUAsbl BKJIIOYAIOT CTEKJIOYIJIEPON, YIJIePOaHbIE
HAHOTPYOKU U HaHOC(QEPBI, TUTAHOBYIO (HOJIBTY/TPOBOJIOKY/CETKH/TIEHbI/BA3aHbIe MPOBOJOYHbBIE
CeTKH, ATIOMUHHUEBYIO (OJIBIY/TPOBOJIOKY/CETKH/TIEHbI/BsI3aHble MPOBOJIOYHBIE CETKH, CTEKJIO,

MOKPBITOe OKcuaoM oJioBa, JerupoBaHHbiM ¢ropunamu (FTO wmu ((F)SnO2)), u cteko,
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MOKpbIToe OkcUaoM uHAns-o0yioBa (ITO) (wiu ar00bIMH IPO3pAYHBIMHU TPOBOASLIIMMH OKCHIAMHU),
a TaKkKe MHOTOCJIOWHBIE CTPYKTYPBI, UMEHOIIHE HAHOCTPYKTYPHUPOBAHHBIE MOJIYIPOBOISIINE
IUIEHKH, HAHECEHHbIe Ha MPOBOAIINE MOAIOKKH. B 00beM HacTosIero n3o0peTeHus: BXOOAT U
apyrue crocoObl obecriedeHus IPOBOAMMOCTH Hecylled Momioxkku. Hanpumep, Hecymas

IIOAJIOKKA MOKET OBITE NPpUBEACHA B KOHTAKT C aKTUBHUPOBAHHBIM ITOJYIIPOBOIHHUKOM.

[83] IIpenmouTuTenabHO, HECYIAs MOUIOKKA UMeeT ruApodoOHbIE 00JaCTH U THAPOPUIbHbBIE
obnacTy M yJydiiaeT qelicTeue cokaranusatopa. B otHomennn Boccranosiienus: Boasl win CO2,
HE OrPaHUYMBAsACh TEOpPHEH, IOJAraioT, YTO IO MEHBIIEN Mepe HEKOTOpblE KaTaJuTHYeCKUe
IPYMITBI MOTYT OBITH MPHKpEIUIeHsl K ruapodoOHbM 00acTsaM Hecymel NOAJIOKKH, U Oyaydu
MPUKPETUIEHHBIMA OHH MOTYT KaTaJU THYEeCKH B3aUMOAEHCTBOBATL C BOXOMH Win MosiekynamMu CO»
B ruapodwIbHbIX 00nacTsx. JleficTBUTENBHO, HECY Liast [TOIJI0KKA MPEIIOJI0KUTETBHO IeHCTBYeT
KaK TPaHMLIA pa3ziesia Mexay KaTHOHAMHU BOJOPOJA, MOJIEKyIaMH BoAbl MK MoJiekyiaamu COz u

KaTAIUTHYICCKHUMU IrpyrramMi, KOTOPbIE B IPOTHBHOM CJIy4Yae HEPACTBOPHUMEBI B BOOHOM PAaCTBOpPE.

[84] TunpodoOubie obnacTu MOryT ObITE OOpa30BaHbI FTHAPOGOOHBIM MOJIUMEPHBIM CKEIETOM,
a ruapoduibHEIe 00JaCTH NPEACTABISIOT COOOH OONACTH MOHHM3UPYEMbIX ()yHKIIMOHAIBHBIX
IPYII, IPEAOYTUTENIFHO B IOJIMMEPHOM CKEJIeTe, KOTOPBIE MOTYT CIIY’KHTh B KA4eCTBE Y4aCTKOB
MPOTOHHON MPOBOIUMOCTH. IIpeanodYTuTeNbHO, HOHU3UpPYeMble (DYHKIMOHAIBHBIE TPYIIIbI
npencTaBasioT coboit  cymbdonatHeie rTpymmel  (—SOs3H), koTopeie TepSIOT TPOTOH C
oOpa3oBaHHEM OTPULIATEILHO  3apSUKEHHBIX  CYJNb(OHATHBIX  TPYII.  AJIbTEPHATHBHO,
HOHU3UPYCMEIC q)YHKLII/IOHaJ'II:HI:Ie rpymnmel MOTyT O6paSOB]>IBaTI> TIOJIOKUTECJIBHO 3apsAKCHHBIC
(YHKLMOHAJIbHBIE TPYIIIBI, KOTOPBIE MOTYT CIY)KHUTh B Ka4eCTBE Y4aCTKOB T'MIPOKCHIHOMN HITH

Kap60HaTHOﬁ HOHHOU MPOBOAWMOCTH, €CJIU 3TO ABJIACTCS IPECAIIOUYTHUTCIIEHBIM.

[85] Hecymas momiokka MOXKET TMPEACTABIATE COOOW, HArpUMEp, IOJIHCYIbPOHBI,
nojucyneonatel  u  nojudocdonatel.  Hecymas  momsioxkka — MOXKET — COAEPIKATh
cy1bOHMPOBAHHBIH (GTOprOTHMEp (HOCTYIHBIH B IpogaKe Moz Toprosoi mapkoit NAFION®),
Tunpodobueiii  momumepreii  ckener CF,CF(CF3)O— npomykta NAFION®  o6pasyer
ruapodoOHOe TBepmoOe BELIECTBO, KOTOPOE MPOHU3AaHO BOJHBIMU KAHAJIAMH, BBICTIAHHBIMH
rUApO(QUIBHBIME  HOHHU3UPYEMBIMH — TPYIMIIaMH  CyJb(pOHOBOW KUCIOTHL  MccriemoBaHus
cy6erpykTypst mokpsitaii 13 NAFION® Ha TBEp/bIX MOBEPXHOCTSIX MOKA3AH, UTO ITOJIMMEPHBIE

CIIOM CONEp)KaT Takue THAPO(HUIbHBIE KaHAIbI BO BCEX OOJACTIX MeMOpaHbI, KOTOPbIE B
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MPOTHUBHOM Cliydae SBJISAIOTCS TuapodoOHbIiMH. Takue KaHaibl 00ECIeYHBAIOT BO3MOYKHOCTH

1 Py3un MENTKHX MOJIEKYJI, TAKHUX KaK BOJA.

[86] [pyrme Hecymmue MOMIOKKHA, KOTOpble MOTYT OBITH HCHOJIB30BAHBL, BKIIOYAOT,
HampuMep, KaTHOHOOOMeHHble MeMOpaHbl Ha OCHOBE ToJuMepa nepdTopupoBaHHOM
cynbpoHOBOH kucnoThl, Takue kak F-14100, F-930 wu F-950, mnepdropupoBaHHbIe
npotoHooOMenHsie MeMmOpansl GEFC, mnomucyneoHOBEIE HOHOMEpBI, HAHOCTPYKTYpHBIE
TUTEHKH, 00pa30BaHHbIe N3 HAHOYACTHL] OKCHIOB METAJLIa, KOTOPBIE COOTBETCTBYIOLINM 00pa3zomM
MOIN(ULMPOBAHB OPraHUYECKUMH KHCJIOTAMHM, BKJIOYas mep(opHpoBaHHBIE CYIb(OHOBBIE
KHUCJIOTBI; HAHOCTPYKTYPHBIE€ IUIEHKH, IIOJIyUY€HHbIE THAPOJIM30M AIKOKCHUCHIIAHOB, KOTOPBIE
COOTBETCTBYIOIIUM 00pa3oM MOAM(ULMPOBAHBI OPraHUYECKUMH KHUCJIOTaMH, BKJIIOYAs

niepOpUPOBAHHBIE CYJIb()OHOBBIE KHCIOTHI.

[87] MHpyrme  Hecymme MOJIOKKHU MOTYT IPEACTABIATE co0bot, Harpumep,
nosuTopupoBaHHble menoYHble oOMeHHble MeMOpanbl (AEM), B OCHOBE KOTOPBIX Jiexkar
HeTOIBH)KHbIE KaTHOHHbIE (DYHKIMOHAJIBHBIE IPYIIIBI, PACIOJOKEHHbIE B MOJIUMEpPE, KOTOPBIE
MPEISITCTBYIOT MPOMYyCKAaHUIO MPOTOHOB M OOECHEeYMBAIOT NPOIYCKAHHE AaHHUOHOB IS
OOCTHIKeHUsT  mpoBoauMocTH.  [lpumepsr  mpombimieHHbIx  AEM  Brmowaror  AEM
TOKUYAMA®. IlpenycMOTpeHbI TakKe reTepOreHHbIE-TOMOT'EHHbIE KOJUIOHMAHBIE CHCTEMBI,
nByxdasHbie (OudasHbie) cMecH (CTa0MTH3UPOBAHHbBIE U HE CTA0MITM3HUPOBAHHBIE TIOBEPXHOCTHO-
AKTHUBHBIM BEIECTBOM), MPOBOAIINE MOJUMEPHI (Hanmpumep, mon(3,4->TUIeHTHOKCUTHO(EH)

(PEDOT)), nuokcua KpeMHHS ¥ AMOKCHI TUTaHA ¢ MOAM(UIIMPOBAHHOMN MTOBEPXHOCTHIO.

[88] [pyrue Hecymue NOMIONKKH, KOTOPbIE MOTYT OBITH HCIIOJIB30OBAHBI JUIS YCHJICHUS
(YHKLMOHAILHOCTA ~ COKATAIW3aTopa, BKIIOYAIOT TMOJHMEPHI, (YHKIHMOHAIH3UPOBAHHBIE
0opaTomM/0OpOHOBOI KHUCJIOTOH WM aMHHOM/aMMOHHEM, C AJKHJIBHBIM WM apUJIbHBIM HJIH

MOJU(PTOPUPOBAHHBIM TOJTUMEPHBIM CKEJIETOM.

[89] pyrue Hecymue NOMIOKKH, KOTOPblE MOTYT OBITH HCITOJB30BAHBI JUIS YCHJICHUS
riuapooOHBIX  (PYHKIIHOHANBHBIX JOMEHOB, BKJIIOYAIOT TOJUMEPBI C AJKUJIBHBIMHA HJIH

APpUJIBHBIMU, U HOHHd)TOpHpOBaHHLIMI/I MOJIMMEPHBIMU CKEJICTaMU.

[90] B oOwem Hacrosimero n3o0peTeHus BKIIOYSHEBI JIIOObIe CpeIcTBa MPUBEASHNS B KOHTAKT
anekrpokaranmmusaropa ¢ oo, CO; mwim kapOoHATHEIM MHUHEPAIOM. DJIEKTPOKATATA3ATOP MOKET

OBITH TIOTPY’KEH B PacTBOP, CONEPIKALINN MOJIEKYJIbI BOABL PacTBOp MOKET MpencTaBisaTe OO0
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BOAHBIA PACTBOP, COAEPIKAIIMI 3JIEKTPOJUT. BOMHBIN pacTBOp MOXKET MHPEACTaBIATH COOOH
pPacTBOp, U3 KOTOPOTO MPEATIOYTHTEILHO yaleHa BoAa (T.e. MPOBEACHO pasieleHHe TBEPIOro
BEIeCTBA M JKUAKOCTH). Hampumep, eciiu BOIHBIN pacTBOp MpencTaBisieT cOO0H COJICHYIO BOAY
WIH MOPCKYIO BOIY, TO BOJIa MOXET OBbITh yAaJieHa ¢ 00pa3oBaHUEM COJIH (T.e. 00ecCoIMBaHue).

B onnom npumepe gocrarouso npumepso 0,5 M snektponura.

[91] Cnenyromue npumeps! MpencTaBiIeHb! sl JOMOJHUTEILHON WLTIOCTPALIMK CIIOCO00B U
KOMITO3ULIUH COTJIaCHO HacTtosmeMy uzobpereHuto. IlpuBeneHHble mpUMEpH! SBISIFOTCS JIUIIL
WUIIOCTPAaTUBHBIMH, W OHHU HE TMNPCAHASHAYCHBI IJIsd KaKoro-jnbdo OTpaHUYCHUS o0BeMa

HACTOSIIEr0 N300peTeHus.

INPUMEPBI

ITpumep 1. Ilosryuenune 31ekTpoaa

[92] | r mopomika snmekTpokaranuzaropa cmemuBaim ¢ 250 mxia 5% cycnensuun NAFION®,
npeaBapuTeNibHO HeWTpannzoBaHHOH ¢ momompbid NaOH. Tlopomok snexTpokaranuzatopa
HenpepbiBHO cMemmBaiu ¢ cycneHsueli NAFION® ¢ moMomepro CTYNmKH M NEeCTHKA [0
BBICBIXaHUS. JIJIsI TOJIHOTO BBICBIXAHUSI CMECh JOTOJHUTENBHO CYIIMJIA HECKOJIBKO YacOB IOJ

BaKyyMOM.

[93] TlonyueHHBIH KOMITO3UT JIEKTPOKATAIH3ATOP/TIOJIUMED TPECCOBAIH MPU AaBJIeHHH 5-29
ToHH B ¢opme nuamerpoMm 30 mm. IlonyueHHyrO rpaHysly 3aKkperuisuid Ha ITPOBOISIIEM
ATIOMUHHEBOM JepikaTejie ¢ IOMOINBI0 KAITOHOBOM IUIGHKU. | eOMeTpHuecKyr IUIOmaab
MOBEPXHOCTH OTPEIEIISIIH, HAKJIAIbIBAsI CHIIMKOHOBOE YIUIOTHUTEJIbHOE KOJIBLIO C ONPEeAeIICHHBIM

pasMEPOM OTBEPCTHUA HA OTKPBITYIO IMOBEPXHOCTE.

I[Ipumep 2. JeKTpoxuMHYECKOE H3MEPEHHE

[94] Bce pacteopsl mosyuanu, ucnosb3ys Bogy MILLIPORE®. I BceX 31eKTPOXUMUYECKUX
M3MEpPEHUN HCTOJIB30BAIM TPH HA0Opa OJIIEKTPONOB C pa3meiuTeNieM Mexnay padounMm u
n3mepsieMbiM oTaeoM n3 MemOpansl NAFION® wnu u3 annonoobmennoi memOpansl. Bo Bpems
U3MEPEHH B KaueCTBe MPOTHUBO3JIeKTponaa ucnonb3oBaiu Pt wim Ir/C snektpon. B kauectse
anektpoaa cpapHenus ucnosbzoBain Hg/HgSO4 (Hacemn. KCl) u nepen xaxabiM u3MepeHHEM
KaauOpOBaIM MO MPOMBIIIJICHHOMY HACBIIEHHOMY KajoMensHoMmy anektpoay (Hack) mpu

MO TEHITHAJIE TTOKOS. X POHOAMIIEPOMETPHUIECKIE JAHHBIC BPYUHYIO KOPPEKTUPOBAIH TI0 TIaJICHUIO
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HATIPSDKEHUS, M3Mepsisl MajeHue HalpsDKeHHe A0 M IMOCe SKCIEPUMEHTOB M OCYIIECTBIISIS
MOTIPABOYHOE CMEIEHNE BPYYHYIO.

[95] Onextponurer nomyyanu u3 Boasl MILLIPORE®, ncrionb3ys peareHTsl BBICOKOH CTENeHH
ounctku. KpoMe TOro, B KauecTse IOIMOJHUTEILHOU MEphI MPEAOCTOPOKHOCTH IS YAAJICHUS
BO3MOJKHBIX METALIMYECKHUX TpuMeceit GunbTpoBau pacteopsl yepes Matpuiy K-CHELEX®
100. DsexkTposuTHl XpaHWIM B KOJ0AX, OYHMINEHHBIX CMECHIO «IHUPAHBS», 0 MOMEHTa
WCTIOJIb30BaHNs. HenmocpeacTBeHHO mepen NMpoBeneHHeM H3MEpEeHUN 3JIEKTPOJIMTHI HACHIINATIH
CO: (Airgas CD1200), ounnieHHbIM C MOMOIIBIO JIOBYIIKH JJ1s1 yrieBogopoaos Supelco (Sigma)
1o <6 m.a. CH4 (ocHOBHas yrJIeBOIOPOIHAS IIPUMECH ).

[96] Awnanus mpoxaykTa mpoBoausu HarazoBoM xpomartorpade HPS890 Seriesll ¢ kammuisipHO#
kosioHkol SA MSieve (Restek) pasmepom 0,53 MM, ucrosib3yst raz-HOCUTeNb Ar (OUHINEHHBIH OT
yIJIEBOJOPOAOB M BJIATM C IOMOIIBIO JIOBYIIKHA JJisI YIJIEBOJOPOXOB U Biard Supelco).
Kanu6poBKy MpOBOAWIIN C MCIIOIB30BAHHEM CEePTHU(HLMPOBAHHBIX ra30BbIX cMmecei, T.e. 1,04%

CH4/Ar mpoussozcrsa Airgas, 1,02% Ha/Ar u unctoro CoHa, Taxke npousBoacta Airgas.

Moxyuenne karanuzaropa: TBepaoda3sHbIH CHHTE3

[97] Crexuomerpuueckuii u3dbrok 1,5% wmon. kpacHoro ¢ocdopa (Alfa-Aesar, 99%) wu
cTexuoMeTpuyeckoe KoymuectBo Hukens (Sigma-Aldrich, <150 MkM) TIaTenpHO CMeIIMBAIN B
crynke. IlepeHocunn B KBapLEBYH MPOOUPKY, BAKYYMHPOBAHHYIO U TEPMETHYHO 3aKPBITYIO
MOCJIE OYHMCTKH TIOCPEACTBOM 2-3-KpaTHOro HamojHeHuss Ar. BakyymupoBaHHbBIE TpOOHpKH
nomemaiy B neysb ¥ Harpesasiu 10 700 °C, u BeiaepxuBaiy B Hell B TeueHue 24 yacoB. CKOpOCTh
Harpesa Obl1a yMepeHHOH BO n30ekaHue neperpeBa BO BpeMs peakuu. [loBeImanu TemMeparypy
¢ 80 °C mo 250 °C 3a 580 munyT ¢ 3agepxkkoi Ha 360 munyT, 3arem 110 350 °C 3a 300 MuHYT C
3anepsxkoi Ha 200 muHyT, 3aTem 10 450 °C 3a 300 MuHyT ¢ 3anep:kkoit Ha 200 MUHYT, 1 HAKOHEL
o 700 °C 3a 350 MuHYT ¢ 3a7epKKOH Ha 24 dvaca. 3aTeM OXJaKdau oOpasilbl 10 KOMHATHOM
TEMIIEpATypbl B YCIIOBUSX OKpykaromed cpenbl. Yuctoty obpasma mpoBepsUuin ¢ MOMOIIBIO
MOpolKOBOM peHTreHoBckor audpakuuun (PXRD) u mpu HeoOxomaumoctu 100aBisuid
JOTOJTHUTEIbHOE KOJuecTBO Ni win P, cMemuBamy U repMeTHYHO 3aKPbIBAIH, KaK OMHCAHO
BBIILIE, U CHOBA HArPEBaJIM MO YCKOPEHHOH nocienoatensHocTH (32 580 munyT ¢ 80 °C mo 750
°C ¢ 3amep:kkoii Ha 24 vaca).

[98] ®Doctuast HUKeNs B popMe HAHOYACTHUL] MTOJTyYaId, UCXOs U3 HaHOUYACTULl N1 pa3MepoM

20 HM (99,9% USNano Ltd.), xotoprre cierka nepememmusamu ¢ 101,5% wmon. xpacHoro P B
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nepyatouHoM Ookce B atMochepe Ar. I'epMeTHuHO 3aKkpbiBad 0Opasel] B BaKyyMHPOBAHHOMN
KBapueBol TpyOke 1 MemsienHo HarpeBau 110 450 °C ¢ 3amepskkoit Ha 48 wacos. OcymecTBIsIN
HarpeBanue ¢ 80 °C mo 175 °C 3a 580 mMunyT ¢ mocnenyromei 3anepxkkoi Ha 360 MHUHYT,
Harpesasu 10 250 °C 3a 580 MuHyT ¢ ocneayromei 3aaepkkoi Ha 360 MUHYT, 3aTeM HarpeBain
1o 350 °C 3a 360 muHyT ¢ mocnenyromei 3anep:xkoit Ha 300 MUHYT, U 3aTeM, HAKOHEL], HarpeBajf
mo 450 °C 3a 360 mMuHYT ¢ mocieayromen 3anepxkkoil Ha 48 ywacoB. Oxmaxkmanu oOpaserr 10
KOMHATHOH TeMIepaTypbl B YCJOBHUSX OKPYJKArOIleld Cpedbl M MPOBEPSUIH YHCTOTY (hasbl C
nomotibido PXRD. 3arem moxHO A00aBUTH IOMOJHHUTENILHOE KOJIUYECTBO P Ha BO3myXe,
aHaJIOru4YHO TBepAo(dasHoil peakuuu B 1). Harpesanue B ciyuae no6aBiieHUs] JOMOJHUTEIBHOTO
kosmuectBa P ocymecteisiim ¢ 80 °C mo 450 °C 3a 580 munyT ¢ 3aaep:xkoit Ha 48 yacos. MHorna
O] BO3MIEICTBHEM BO3ayXa MPOUCXOAMIO oOpasoBanue Hebonbinx npumeceit Ni(POs)2, u aty
(asy ymaasiiid mocpeacTBOM KHCIOTHOTO mpombiBanus B pasbasienHoit HCl (mpuGnusurensHO

1:10 xonuenrpuposannoit HCI x Boge mo o0bemy).

[99] XapakTepuCTHKH  KPUCTAUIMYECKOM  (paspl  3amuChIBAIM  HA  PEHTI€HOBCKOM
madpakromerpe Bruker AXS D8 Advance ¢ manyuenmem Cu Kal (1,54056 A), Bpems
ckanupoBanus 1 wac wm 12 wgacoB, m pmuamason 20 15-70° wmmm 10-120°. OOGpasip!
AQHAJIM3UPOBATIN 10 JJIEKTPOXMMHUYECKOTO HCIBITAHUS MOCPEICTBOM DPACHPEAETIEHHUsS] MOPOLIKA

MCXKOY ABYMS CTCKJITHHBIMU MPEAMETHBIMU CTCKJIaMHU OJIsI MUKPOCKOIIA.

Ipumep 3. Cunres 3ekTpokaranuzaropa Ni2P

[100] DOnexTpokaTanmu3aTopsl CHHTE3UPOBAIN THAPOTEPMAJIBHBIM METOIOM. B TUmMyHOM
skcniepumente pacteopsuin 3,685 r NiCly 6H,O (Sigma-Aldrich), 1,09 r rekcametuieHTeTpaMUHa
(Sigma-Aldrich) B 340 mu Boxel Millipore. TTosydeHHsIi pacTBOp TIIATEIBHO CMEIIHBAIHN C 75 T
kpacHoro docdopa (Alfa-Aesar, 98,9%, 325 memur) npu nepemernpanuu. [1oay4eHHYIO CMeCh
3arpy:kaiu B aBTOKJIaB ¢ (pyrepoBkoi u3 [IT®D u Harpesanu mo 180 °C B Teuenne 10 yacos.
ITocne u3Bneuenus obpaserr MPOMBIBATH BOIOH, 3% XJIOPUCTOBOIOPOAHON KHCIOTON, BOIOH H
aleTOHOM, 3aTeM cymmm nox BakyymMoM mpu 30-60 °C B teuenme HOYH. ['OTOBBIA MPOIYKT

npoBepsun ¢ nomotsio [TPJT.

[Ipumep 4. Xapakrepucruka Hanouacrun Ni2P
[101] Awnamuz PXRDmpoeomunu Ha npudope Bruker AXS DS, ucrnonbsyst peHTT€HOBCKYIO
tpybky Cu Ka (1,546 A), Bpems ckannposanus 1 wac wm 12 wacos u yrox 26 15-70° wm 10—
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120°. AnanuzupoBanu o0pasipl A0 AEKTPOXUMHUYESCKOTO UCTIBITAHUS, pACIIpEnesisis MOPOMOK Ha
CTEKJITHHOM NPEAMETHOM CTEKJIE JIJII MUKPOCKOTIA U BBIPABHUBASI IOBEPXHOCTH ITOPOIIKA IPYTHUM

MNPECAMETHBIM CTCKJIOM.

IHoyuyenune KaTajau3aTopa: rHAPOTEPMAILHBIN HJIH COJIbBOTEPMAJIbHBIN MeTO/bI
[102] Hanouactuip! ObLIM  TakKe  yCHENIHO  IMOJyYE€Hbl  THAPOTEPMAIbHBIM WM

COJIbBOTCPMAJIBHBIM METOJaMU, OITMCAHHBIMU B JIUTCPATYPEC:

[103] Henkes, A. E., and Schaak, R. E. (2007). Trioctylphosphine: A general phosphorus source
for the low-temperature conversion of metals into metal phosphides. Chemistry of Materials,
19(17), 4234-4242. do1:10.1021/cm071021w

[104] Laursen, A. B., Patraju, K. R, Whitaker, M. J., Retuerto, M., Sarkar, T., Yao, N., ...
Dismukes, G. C. (2015). Nanocrystalline Ni5P4: a hydrogen evolution electrocatalyst of
exceptional efficiency in both alkaline and acidic media. Energy Environ. Sci., 8(3), 1027-1034.
doi:10.1039/C4EE02940B

[105] Muthuswamy, E., Savithra, G. H. L., and Brock, S. L. (2011). Synthetic Levers Enabling
Independent Control of Phase, Size, and Morphology in Nickel Phosphide Nanoparticles. ACS
Nano, 5(3), 2402-2411. do1:10.1021/nn1033357

[106] Prins, R, and Bussell, M. E. (2012). Metal Phosphides: Preparation, Characterization and
Catalytic Reactivity. Catalysis Letters, 142(12), 1413-1436. doi:10.1007/s10562-012-0929-7

[107] Usmepenuss >PpQPeKTHBHOCTH TOKA MPOBOAUJIM TOCIE OYKUCTKU 3SJIEKTPOXUMHUECKOH
siaeldkH U dnekTposnuTa B TeueHne 20-60 munyT ¢ momombio CO; mapku 4.0, TOTIOJTHUTENBHO
OUMILEHHOTO C MOMOIIBIO JIOBYIIKH Iist yrieBoaopoaoB (Supelpure HC). ITotok CO» Bo Bpems
AJIEKTPOJIU3a COCTABIIUT KyD. CM B MHHYTY IPH U3MEPEHHH C MOMOINBIO JATYUKOB MAacCOBOTO
pacxoma rasa. IlocTosHHOe HampsbkeHwe momaBajgu Ha 16-20 wacoB. B aBromarmueckuin
npodooTdopHuk I'X kaxkabie 30 MUHYT BBOAUIN 0oOpasel] o0beMoM 500 MKJI, TOJNyUYeHHBIH U3
UCXOJAIIETO MOTOKA ra3a. 3aTteM paccurThiBaiu 3¢ dpextuBHoCcTs ToKa (CE) o ypaBHeHHUIO:

nFeV
I

r7e 7 mOpefcTaBnseT coOONW KOJUYECTBO MOJb JTAHHOTO MPOAYyKTa, I MpencTtaBiseT coOol

noctosHHyto Dapanes, e mpeAcTaBiIseT COOONW KOJNMYECTBO JJIEKTPOHOB, HEOOXOMUMBIX IS

06pasoBaHus OHOMN MoeKysibl mpoaykTa (2 mus Ha, 8 ans CHa, 12 mst CoHy), V npencrasnser
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coboli CKOPOCTH IMOTOKA Tra3a B MJI/C, eJIeHHYI0 Ha oObeM obpasua (0,50 mi), u / npencrasiser

co001i TOK.

IIpumep 8. I'azoBan xpomarorpadus

[108] [l KOIMUECTBEHHOTO HM3MEPEeHMs] ra3000pa3HbIX MPOAYKTOB HCIIOJIB30BAIN Ta30BBIN
xpomarorpad HP 5890 Series II, ocHamennsiii gatunkamu TCD u FID, pacnonoskeHHbIMH
MOCNIEAOBATENbHO, U KOJOHKOW Megabore pasmepom 30 M C MOJEKYJIAPHBIMH CHTaMH SA
(Restek). Kanubpopamu I'X ¢ mOMOIIBIO ra30BbIX 3TAJIOHOB U ONPEAESUTH KOJHYECTBO MOJIb

MPOAYKTOB B ra3oBoi (pase ssueliku Mo ypaBHEHUIO COCTOSIHUS MIEAJIbHOTO rasa.

IIpumep 9. Peaknus B NpHCYTCTBHH COKATAJIH3ATOPA

[109] Tlomyuanmu NioP TBepmodasHbBIM CHHTE30M M TPECCOBAIM B IpaHyJy, Kak OIHCAHO B
ny6smkaunu Calvinho, K. U. D., Laursen, A. B., Yap, K. M. K., Goetjen, T. A., Hwang, S., Megjia-
Sosa, B., Lubarski, A., Teeluck, K. M., Murali, N., Hall, E. S., Garfunkel, E., Greenblatt, M., and
Dismukes, G. C. “Selective CO2 Reduction to C3 and C4 Oxyhydrocarbons on Nickel Phosphides
at Overpotentials as Low as 10 mV” Energy & Environmental Science, 2018, 11, 2550-2559.

[110] TI'panyny Ni2P ucnsITeiBajIH Py MOCTOSIHHOM TIPUJIOKEHHOM TOTEHI[HAIE B 3JIEKTPOJIUTE,
HaceimeHHoM CO»> (B pactBope, comepxkamem 0,5 M KHCO: u cokarammuszatop (25 MM
rexcaMeTiIeHTeTpaMuHa, 25 MM GopHoii kucaoTs! uan 1,5 MM Mg?")). McrbiTanus IpOBOIHIIH
TP AABJICHUU U TeMIIepaType okpy:xatouieii cpensl, mpu pH 7,5, B reuenne 16 yacos njis Kaxxmoro
skcriepumenTa. Coctas ra3oBoii (ha3el KOHTPOJMPOBAIH C MIOMOIIBIO FA30BOM Xpomarorpaduu, a
KUAKAN TIPOAYKT aHajmuszupoBayu ¢ momommbio BOXX u AMP B cootBercTBHM cO ciocobamu,
ormmcanubiMu B yonukanuu Calvinho et al, Energy & Environmental Science, 2018, 11, 2550-
2559. Ha ¢wur. 4A npencrasnen cnektp SIMP snextponuTa, re TJIaBHBIH MUK MPEICTABIISET
co00¥ I THIJICHIJINKOJIb, YTO TIOATBEPIKAAET CMEIEHNEe CeJIEKTUBHOCTH B Pe3yJIbTaTe HOOABICHHS
cokaranuzatopa. IlonydeHHbIi pesynbrar cooTBeTcTByeT naHHbiM BOJXKX ¢ ucnons3oBaHunem
ATYNKA TIOKA3aTeNs MPEJIOMIIEHUS], YKa3bIBAIOIUM HA TO, YTO IVIABHBIMH MUKaMU ObLTA OOpHAas

KHUCJIOTa U dTHJIEHTTIMKOJb (ur. 4B).

[111] Ocaxmenure cokaTamu3aropa Ha OCHOBE MeETajlla WM KaTHOHA Metauia Ha (ocdume
HUKEIA TakKKEe H3MCHACT CCJIICKTHBHOCTE pPCaKIUMKM IIOCPEACTBOM HM3MCHCHHA COCTaBa U
cBsi3bIBaroI el a PHHHOCTH MPOMEKYTOUHBIX MPOAYKTOB PEaKLMU Ha oBepxHOCTH. Ha ciekTpe

'H SAMP ma ¢ur. 5 nokazaHel npomykTsl BoccTaHoBieHHs COz, 006pasoBaHHBIE NpH
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ANEKTPOOCAKACHUH METAUTMYECKON MeIU WK pacTBOpUMBIX cosieli Cu Ha HaHodacTuiiax NiaP
npu 0 B mo RHE u xucnornom pH. IlonydyenHsle nanHble AeMOHCTPUPYIOT 00OpazoBaHue IBYX
COEMHEHUI Cs (3-ruppokcu-2-¢ypankapbokcanbaeruna u 2-rUApPOKCH-3-

dbypankapOOKcaIbIETHaa).

Konkxypc NASA no npeBpaimeHnio THOKCHAA yrjiepoaa

[112] CO2
Conversion Challenge npencrasnsier co0oif KOHKypC ¢ mpu3oBeIM (OHAOM B | MIJIIHOH
nosinapoB, ¢uHaHcupyeMbli NASA, y4acTHHKH KOTOPOTO MOJUKHBI MPENJIOKUTH CIIOCO0
MpeBpalleHns] AUOKCHIA YIJIepOoaa B caxapa, Takue Kak III0K03a, B KAYeCTBe Iara K CO3JaHHIO
KMU3HEHHO HEOOXOAMMBIX PEeCypCcoOB, B YaCTHOCTH, Uil Oyaymmx muccuii Ha Mapce. Takue
TEXHOJIOTUH o0ecreyaT BO3MOKHOCTb ITPOU3BOACTBA MPOAYKTOB C HCITOJIb30BAHUEM MPUPOIHBIX
pecypcoB Mapca, a Takke NPUMEHHMBI Ha 3emjie C HCIIOJIb30BAaHHEM BBIOPOCOB AMOKCHAA

yriepoaa u atMochepHOro JTHOKCHAA YIJIEpOoaa B KAY€CTBE ChIPbSL.

[113] Ha 3emne pactenus npeppamaror CO> B yIIeBOObI U KHCIOpOA, oOecrnieunBas MUILy U
BO3MyX, PUTOJHBIN 1y1s nbixanus. Ha Mapce HeT pacteHuid, HO mupoko pacnpoctpaneH COs.
Korma xocMOHaBTHI HA4YHYT HCCIenOBaTh Mapc, UM HYKHO OyJeT HCIOJb30BaTh MECTHBIE
pecypcsl, 0CBOOOKAASI IPY30BOE MPOCTPAHCTBO JIETATEJILHOTO arnapara Ijisl APYTUX BaKHBIX IS
Muccuu MatepuajioB. Takum o6pazoM, NASA 3anHTEpeCOBaHO B HOBBIX CIIOCO0AX MpeBpalleHUs
CO; B LeHHBIE COEMMHEHUS, TAKHE KaK caxapa, KOTOpble OyAyT UMeTh KIIIOUEBOE 3HAUECHUE IS

cHaOKeHUs UCCIIeoBaTeN el B JOJITOCPOYHBIX dKCIIeUIMsIX Ha Mapce.

[114] Tonbko uto Hauara dasa 2 nmpoekta CO2 Conversion Challenge arentctea NASA ¢ 1esisio
CO3JTaHUS CHCTEMBI, JeMOHCTpUpyromei npespamienie CO> B KOMOUHAIIMN ¢ BOIOPOJAOM U Oe3
HCTIOJIb30BAHUST PACTEHUH C MOJy4YeHHUEM MPOCTHIX CaXapoB, TAKHX Kak rmoko3a. CenekTrBHas,
3¢ peKTHBHAS TEXHOJOTUsI HA OCHOBE COKATAJM3aTOPOB, OMHCAHHAS B HACTOSIIEM JOKYMEHTE,

o0ecrieuBaeT OJHO M3 PELISHHH, YIOBIETBOpsIOMmKX TpeboBanusm konkypca CO, Conversion

Challenge.

IIpomMbiyIeHHOE TPHMEHEeHHe
[115] OnexTpokatammu3arops! mist mpsMoro BocctaHosyieHus: CO2 B yriieBoaopoasl MOTYT OBITh

peanmn30oBaHbl ¢ IMOMOIIBIO IMPOTOYHBIX 3JICKTPOJIU3CPOB TAKOTO KE THUIIA, KaK XJIOP-IICJIOYHBIC
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TIPOM3BO/ICTBEHHBIE JJIEMEHTBI, HCTIOJIb3y EMbIE B HACTOSIIEEe BPEeMsI B IPOMBIIIJIEHHOM MaciTabe.
Hcrounnkamu COz MOTYT OBITh TOUEUHBIE HCTOYHUKH, TAKHUE KaK 3JIEKTPOCTAHIMH, [IEeMEHTHbIE
3aBOJIBI MJIHM TOOOHBIE IPOMBILICHHBIE TPEAIPUSTHS, BEIOPACHIBAIOIINE OOIBIIOE KOJIUYSCTBO
CO;, wn oH MOXKeT ObITh BbIIEJIEH HemocpeacTBeHHO u3 atMocgepbl. @asza NixPy MoxkeT ObITh
HAHECeHA Ha MPOBOJINYIO IOMJIOKKY JIEKTpoaa B (opMe HAHOYACTHIl MJIM MUKpoYacTHll (5-
5000 uM). Yka3aHHBIE YacTHIBI MOTYT OBITH 3aKpeIUIeHbl ¢ NMOMOIIBIO OAHOrO Wiu Gouee
MOJIMMEPOB ¢ XUMHUYECKUMH CBSI3BIBAIOIIUMHY I'PyIITaMH U KoOpauHauuy npotoHos win COs
win 0e3 TakoBbIX. Takoil momumep MoKeT OBbITh MOJMMEPOM TOTO K€ THIA, YTO M HEeCcylas
MeMOpaHa, MPOIyCKAIom[asi HOHBI OT aHOAA K KaToXy. DJEKTPOJIM3 MOXKHO OCYLIECTBIISITH MPU
npuMepHo HeWTpansHOM pH ¢ wucnonb3oBanuem kapOoHatHbIX, ¢ocdarHeix, KCl wmm

CyJb(haTHBIX JIEKTPOJIUTOB.

[116] NixPy BMecTe ¢ cucTeMoi COKaTamM3aTOpa COrVIACHO HACTOSIIEMY H300PETEHHIO MOKET
CTaTh MPSMON AJIbTEPHATHBON HCKOIMAEMBIM ChHIPbEBBIM MaTepuanaMm (CbIpoii HedTH, YIIIIO U
MPUPOTHOMY Ta3y) B KA4ECTBE HCTOYHHKA ISl TIOJTy Y€HHSI XUMHYECKHX ChIPBEBBIX MATEPUAJIOB U
JUIE XpaHeHUs SHEepPruu. YTIJIEPOAHO-HEHTPAIbHOE CHHTETHYECKOE TOIUIMBO, IOJyYE€HHOE I10
TAKOW TEXHOJIOTHH, He TOTpeOyeT MOpPOroCTOSIIEHd M 3KOJOTUYECKH OOpEMEHUTENbHOW LIerH
MOCTABOK HCKOIIAEMOTO TOILJINBA (moGbIuK/Oy peHmus, TpyOOTIPOBOIOB/TAHKEPOR,
HedTenepepadbaThIBAIOLINX 3aBOOB). TOTUIMBO MOYKET OBITh MOJTYYEHO IO Mepe HEOOXOIUMOCTH
B CTPaATCruvicCKOM IIOJIOKECHHUU PAOOM C TPAaHCIIOPTHBIMHU Y3JIaMH. aneponHoe XUMHYCCKOEC
CBIPBEC MOXKET OBLITH MOJIYUYC€HO IO MHAWBUAYAJIBHOMY 3aKa3y U HE 6y}:[eT SABJIATBECS PE3YJIBTATOM

Hed(pPeKTHBHOM MepepaboTKH ChIPbEBBIX UCKOTIAEMBIX MATEPHAJIOB.

[117] Dbe3 mONOJHUTENBHOTO YTOYHEHHS MOKHO TMPEAIOJIONKHUTE, YTO CIELUAUCTEl B JaHHON
001aCTH TEXHUKH, UCIOJNb3Ys TIPUBEASHHOE BBIIIE OMMCAHUE, MOTYT HCIIOJB30BATh HACTOSIIIEE
n3o0pereHne B caMOM IOJHOM oObeme. Kpome Toro, HecMOTpst Ha TO, YTO HAacTosIIee
n300peTeHne ONMMCaHO B OTHOLIEHUH BBIIIEYTIOMSHYTHIX KOHKPETHBIX BAPUAHTOB PeaTM3aLiNd U
MPUMEPOB, CIeAyeT MOHUMAaTh, YTO BO3MOYKHBI APYTHe BapUaHTHl peau3aliH, B KOTOPBIX
WCTIOJIb30BaHa KOHIISMIHSI HACTOSIIIEro N300peTeHs, U OHU MOHSTHBI CIEHATNCTAM B TAHHOMN
obnactTi TexHWKH 06€3 OTCTYIUIEHHS OT CYLIHOCTH HacTosmero m3obpereHus. Takum oOpasom,
OIMVICAaHHBIE BBINIE KOHKPETHBIE MPEANOUTUTENBHBIE BAPUAHTHI pealu3alui CleayeT MOHUMAaTh

JIMIIb KaK WITKOCTpaluio, HO HUKOUM o6pa30M HE KaK OrpaHUYCHUEC HACTOAILICTO I/1306peTeHI/I$I.
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®OPMYVYJIA U30bPETEHUA

1. KomOunarius:
KaToa TSl TIPSIMOTO AJIEKTPOXHUMHUYECKOTO BOCCTAHOBJIEHUS CHIPbS, COAEPIKAIIETO OTHO
i Oojiee W3 OUOKCHAA YIJIEpoda, MOHOOKCHAA Yrjepoaa W YIrJEBOIOB, COMEPIKaIIUX
aNbIETHAHBIE WA KETOHOBble (DYHKIIMOHANbHBIE TPYINIBI C AaKTHBHBIMH ajib(a-aToMaMu
BOJOPO/A, 10 OKHUCJIEHHBIX YTJIEBOAOPOAHBIX MPOAYKTOB, MIPHUEM YKA3aHHBIH KATOI COMEPIKHUT
MPOBOASAINYI0 HECYIIYIO TMOMJIOKKY, COKATaau3aTtop, OTIHYHbIA OT (Qochuma Hukens, u
ANIEKTPOKATATUTUYECKOE TOKPBITHE, TPHYEM SJIEKTPOKATATIUTHYECKOE TOKPBITHE COOEPIKUT
HaHOuacTUIBl NixPy, TIe X W y TpenctaBisioT cOOO# Liesble 4Yucia, TaKk 4TO YKa3aHHBbIE
coenrHeHus1 BeIOpanbl U3 rpyrmsl, cocrosimeii u3 NisP, NisP2, NinPs, NiaP, NisP4, NiP2 u NiPs;
WIH SJIEKTPOKATATIMTHYECKOE TIOKPBITHE COAEPKUT HAaHOUYACTUIIBI NixPy, BEIOpaHHBIE U3 IPYIIIIHI,
cocrosimeit u3 NisP, NisP2, NijaPs, Ni2P, NisP4, NiP> u NiP3, nonoaaurensHo cruiasieHo ¢ FesP,
NpUYeM yKa3aHHBIN cruiaB umeet cootHorreHue Ni-P:Fe:P ot mpumepro 99:1 no 1:99% wmac.;
npudeM TPOBOASIIAS HeECyIasi MOJUIOKKA COMEPKUT TunapodoOHbIe OONaCTH |
ruapodubHbIe 001acTH UIst OOIeryeHus: aacopOLHU ChIPbSi U3 Ta30BOM WJIM BOTHOM
(daspl s oOecrieueHuss OTAEIEHUST OT MOJIEKYJI BOIBI, TIPH DTOM I10 MEHbBIIEH Mepe
HEKOTOPBIE DJIEKTPOKATATUTUYECKUE YACTHUIIBI HAXOOATCS B THAPOGOOHBIX 001acTIX
MPOBOAIIEH HECYIed TOMIOKKA W KaTaIUTAYECKH B3aUMOAEHUCTBYIOT C CBIPhEM
MOCPENCTBOM  DJIEKTPUYECKOTO BOCCTAHOBJIEHHS C 00pa3oBaHUEM OKHCIIEHHBIX
YIJIEBOJAOPOIHBIX MMPOIYKTOB; U
pU  STOM COKATaju3aTOp pACIOJIOXKEH TakK, YTOObI JEHCTBOBATH COBMECTHO C
AIIEKTPOKATAIIM3ATOPOM, TTIOCPEACTBOM BKIIFOUEHUS B THAPOQPHIIbHBIE HITH THAPOGOOHBIE 00IacTH
WIM  TIOCPENCTBOM  pPACTBOPEHHS B  JJIEKTPOJIUTE, WA TPU  HEMOCPEICTBEHHOM

MPUKPEIUIEHUH/BHEIPEHNH B MIOBEPXHOCTh KAaTaIH3aTopa.

2. Kom6unarms mo m. 1, omimuaromascs TeM, 4TO COKATaIM3aTOp COIEPIKUT KHCIIOTY,

BBHIOpaHHYO 13 KUCIOTH JIborca v kuciaotel bpencrena-Jloypwu.

3. Kombunanus mo 1. 2, OTIIHYAIOMasIcs TEM, YTO KHUCIOTA BRIOpaHa U3 IPYIIbI, COCTOSINEH
m Zn"2, Fe™?, Fe**, Ca’", Mg?", Al”, AlO*, Si*', SiO**, H;BOs, B(OH)>(OR), B(OH)(OR): u

cMeced nByx wiM Oomee W3 HuUX, rae R = ankwn, apwi, apuiankul, TeTepoapuil u
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reTepoapuIANIKILL, IPUYEM I'eTepOaTOMBI B TeTepOapiie U reTepoapuiiajiKiie BEIOPaHbI U3 a30Ta,

KUCaopoaa v CEprul.

4. Kom6unarus mo m. 1, oTngaromascst TeM, 4T0 COKAaTaju3aTop COAEPKHUT OCHOBAHHE,

BBIOpaHHOE M3 OCHOBaHUs JIktonca um ocHoBanus bpencrena-Jloypu.

5. Kom6unarmss mo n. 4, ommmuaromasics TeM, YTO OCHOBaHHE BBIOpAHO M3 TPYIIIHI,
cocrosimeit u3 NH3, kapOammuia, MOYEBHHBI, TMAPAa3WHA, MEPBHYHBIX AMHUHOB, BTOPHUYHBIX
AMUHOB, TPETUYHBIX AMUHOB, MUPHUINHOB U CMeCeH IBYX Wiu Oojiee U3 HUX.

6. Kom6unarms no n. 1, ommMuaroniasicss TeM, 4To COKaTaaIu3aTop COAEPKUT MOHOMEpP WITH

MPOBOISIIHM MOJIMMED.

7. KomOunarms mo m. 1, oTiiMyaromascs TeM, 4TO COKATaIN3aTOP COAEPIKUT PACTBOPUMYIO

cosb Cu, Ag, Au, Zn, cMecH AByX Win 00Jiee U3 HUX, WA UX OKCHIBL

8. KomGOunarmus mo 1. 1, oTIuYaromascs Tem, 4To KaTof NMPUBEAEH B KOHTAKT C PACTBOPOM

ANIEKTPOJIUTA, COAESPIKAIUM COKATATIM3ATOP, WIH COKATAIN3ATOP IMPENCTaBIsIeT COOON MOHHBIN
o o R 2.

KUIKHUH SJIEKTPOJIUT, UMEIOIINH (GyHKUHOHATBHYO Tpyriny s nepeHoca HCOs™ wiu COs™, wnum

H', ¥ npuBeneH B KOHTAKT C KaTOJOM.

9. KomOunarus no . 8, oTIHyaromasics TeM, YTO KaTo[ IIPUBEIEH B KOHTAKT C PACTBOPOM
3JIEKTPOJIUTA, COACPIKALINM COKATATIU3ATOP, ¥ IMTPOBOASIIAS MTOAJIONKKA JOTIOJTHUTEIEHO CONEPKUT

TOT XK€ COKaTaInu3arop.

10. Kombunarusa mo m. 1, oTmydyaromascs TeM, 4TO COKATAIM3aTOp MPEACTABISIET COOOM
R 2-
HOHHYIO JKHIKOCTh, KOTOpas uMeeT GpyHKUHOHAIBHYIO rpyrmny ans nepeHoca HCOs™ wiu CO3

wi H™,

11. Kombunanusa mo m. 1, omiuyaromascs TeM, 4TO MPOBOAANIAS HeCyInas MOII0KKa
IOTIOJTHATEJIFHO CONEPIKUT MATepHall, IIOJUIeKAIMA BOCCTAHOBJICHUIO, OJylarogaps dYemy
QJICKTPOKATAJIUTUYECKOE IMOKPEBITHUE KaTAJIUTHUYCCKHU BSaHMOIleﬁ CTBYECT C MarepuajioMm,

TOJUIEKAIIUM BOCCTAHOBJIEHUIO, KOTOPBIM BKJIIOUEH B ITPOBOASIIYIO HECY LIYIO TIOUIOXKKY.

12. Kombunanmus mo 1. 11, omiuuaromascs TeM, 4YTO MaTepual, MOJIeKaIuHi

BOCCTAHOBJICHHIO, COACPIKUT OJUOKCHU YIJIEpOaa, MOHOOKCH yrjiepoaa Uik UxX CMeECh.

13. Kombunamusa mo m. 1, oTiauyaromiascs TeMm, 4YTO MPOBOAAIIAS HeCymas MOI0KKa

MpeAcTaBsgeT coO0l HOHOMED WUITU TTPOBOAAIINN TOJIUMED.
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14. Kombunanmus no n. 1, oTnuuaromascs TeM, UYTO ChIpbe COMEPKUT MHOKECTBO
YIJIEBOMOPOIHBIX MOJIEKYJ, COAEPIKAIIUX aJbAeTHIHbIE HIW KETOHOBbIE (YHKIIHOHAIBHBIE

IPYIIIBI WK PEAKLIOHHOCIIOCOOHBIE alb(a-aTOMbI BOAOPOA.

15. Cnoco® mosyueHHsl OKHCJIEHHBIX YIJIEBOAOPOAHBIX MPOAYKTOB M3 BOMBL, JAUOKCHIA
yIrJIepoaa u/iiu MOHOOKCH/IA YTIIepOAa MOCPECTBOM PEaKLIH JISKTPOIIN3A, BKITFOYAO NI

(a) BBeieHMe KaToza, COCTOSIIEr0 U3 KOMOHHALIMH I10 1. 1, B 3JIEKTPOJIUT BMECTE C AaHOIOM;

(b) mpuBeneHne aHOma W KaToAAa B IPOBOMASLIMI KOHTAKT C BHELNIHHM HCTOYHHUKOM
AJIEKTPUYECKOT0 TOKA,

(c) obecnieueHne Ha KaTOAE UCTOYHHKA TUOKCHIA YTIIIepOaa W/HIM MOHOOKCHUA YIJIepoaa; 1

(d) mogavy 35eKTpUYECKOro TOKA [JIsi TPOBEAESHHUS PEaKLIUK SJIEKTPOJIH3a Ha KaTOe, B Pe3yJIbTaTe
4ero MPOMCXOAUT CeJISKTHBHOE O0pa30OBaHHE OKHCIIEHHBIX YIJIEBOJOPOIHBIX IPOAYKTOB M3

JMOKCHIA YIJIEPOaa W/ HIIH MOHOOKCH 1A yIiIepoaa.

16. Cnoco6 mo m. 15, OTIMYAIOIIUICA TeM, YTO JJIEKTPOKATAJIHM3ATOP U COKATATU3ATOP
BBIOpAHBI 71 TIOJIyYeHHsI IPOAYKTa, BEBIOPAHHOTO U3 IPYIIbI, cocTosimel us 2,3-gypannuona, 2-
dbopmundypan-3-oa, STUIEHIIHKOISA, 1,3 -nponananosa, 1,2-mponaHanosia, uX CTePpeOn30MeEPOB

U UX KOMOUHALIAM.

17. Crioco6 mo 1. 15, OTIMYAOIIMICS TEM, YTO HMCTOYHHMK IMOKCHUOA YIJIEpOda H/WN

MOHOOKCH/IA YIJIepo/ia IMPEACTaBIsgeT COOOM TEKY UM HCTOYHHK.

18. Crioco6 BOCCTAaHOBJIEHHs OMOKCHAA Yrjepoaa [0 OKHCIEHHBIX YIJIEBOJOPOIHBIX
MPOAYKTOB, BKITIOYAIOIIHN:

(a) BBemeHue KaToa B BOJHBIN 3JIEKTPOJIUT BMECTE C AHOAOM U COKATAIM3aTOPOM, COAEPIKAIIUM
KHCJIOTY WJIM OCHOBAaHWE WJIM 3apsUKEHHbIE WOHHBIE YAaCTHULBL, MPHYEM KATOZA COAEPIKUT
MPOBOIAIIYI0 HECYINYI TOMJIOXKKY, ¢ JJIEKTPOKATAJTUTHYECKOE TOKPBITHE COAEPIKUT
HaHovacTulbl NixPy, rme X W y mpencraBisiioT cOOOW Iiefible YHCia, TaK 4YTO YKa3aHHBIE
CoenuHEHNsT BBIOpaHb! U3 rpyIrsl, cocrosimei n3 NisP, NisP2, NipPs, NioP, NisPs, NiP2 u NiPs,
NpU 3TOM YKA3aHHBIA COKATAIU3aTOP MOJKET HAXOAWThCS HAa MPOBOISINEH MOUIOKKE, B
ANIEKTPOJIUTE WK B O00MX BapHAHTaX;

(b) mnpuBeneHwe aHOma ¥ KaToga B IMPOBOMASIIMN KOHTAKT C BHEIIHHM HCTOYHHUKOM
ANIEKTPUYECKOTO TOKA,

(c) obecrieueHre Ha KaTOAE TEKY4ero HCTOYHHKA TUOKCHAIA YIJIepOaa; U
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(d) momauy 3MeKTPUUECKOTO TOKA [JIsl MPOBEASHHS PEaKIUK IEKTPOJI3a, B PE3yJIbTaTe KOTOPOi
Ha aHome OOpa3yIOTCS JIEKTPOHBI, MOCTABIIIEMBIE HA KATOA, Onaromapsi 4eMy H3 AHOKCHIA
yriaepoaa, 3JEKTPOHOB M BOIABI OOpa3syeTcst OKHCIEHHBIH YrJIEBOMOPONHBIN MPOAYKT, a
QNIEKTPOKATAIM3ATOP W COKATAIM3aTOp BBIOpaHBl Tak, dYTO OOpasyromMil OKHUCICHHBIN
YIJIEBOIOPOIHBIM MPOAYKT BBIOPAH M3 IPYIIILI, COCTOSIIEH U3 YIJIEBOAOB, KapOOHOBBIX KHCIIOT,

AJIbACIUI0B, KETOHOB 1 cMecen ABYX WUJIA 0oJiee U3 HUX.

19. Crioco® BOCCTAHOBJIEHUS MAUOKCHAA YIJlepoAa A0 OKHCIEHHBIX YIJIEBOIOPOIAHBIX
MPOAYKTOB, BKJIIOYAOLITHMN:

(a) BBemeHMe Karoma B DJIEKTPOJUT BMECTE C AHOAOM M COKATAJIM3aTOPOM, IMPUYEM KAaTOJ
COZIEPIKUT MPOBOSIIYI0 HECYINYIO IMOMJIONKKY U JIEKTPOKATAIUTHYECKOE IMOKPBITHE, IIPU 3TOM
EKTPOKATATUTHYECKOE MMOKPBITHE COAEPIKUT HaHovacTHlibl NixPy, roe X u y NpeacTaBisioT
co00ii Lenble YMCiIa, TaK YTO YKa3aHHbIE COEANHEHHUs BBIOPaHbI U3 rPyMIibl, coctosimel 13 NisP,
NisP2, Ni2Ps, Ni2P, NisPs, NiP> u NiP3, npu 3ToM cokaranu3atop MOKET HAXOIUThCS Ha

MPOBOASINEN MOAJIOKKE, B AJIEKTPOJIMTE WK B 00OMX BapHAHTAX,

MpUYeM  COKATAIM3aTOpP CBSI3BIBAETCS C  AJbAETHIHOM, KETOHOBOM WJIM  CIIUPTOBOM
(YHKLIHOHAIBHOH TIPYIION MPOMEKYTOYHOrO TMPOAYKTA PEAKLHH, AaKTUBHUPYsS €ro Jis
CJIEYIOLIEeH PeaKLUH C dJIEKTPOKATATIH3ATOPOM;

(b) mnpuBenenHwe aHOma ¥ KaToda B IIPOBOMASIIMI KOHTAKT C BHENIHUM HCTOYHHKOM
ANIEKTPUUECKOTO TOKA,

(c) obecrieueHre Ha KaTOAE TEKY4ero HCTOYHHKA TUOKCUA YIJIEPOIa; U

(d) momauy >IeKTPHUUECKOTO TOKA [JIsl POBEASHHSI PEAKIIHK JIEKTPOJI3a, B PE3yJIbTaTe KOTOPOi
Ha aHome OOpasylOTCsl AJIEKTPOHBI, IOCTAaBIIsiEMble Ha KaTtoA, Onaromapsi 4eMy H3 AHOKCHIA
yriepopa o0pasyercsi OKWCIISHHBIM YINIEBOAOPOAHBIM MPOAYKT, U 3JIEKTPOKATAIU3ATOp U
COKAaTaIM3aTop BEIOPAHBI TaK, YTO OOPA3YIOIMIHI OKUCIIEHHBIN YTIIEBOIOPOIHBIN MPOAYKT BEIOpaH
U3 TPYIIIbI, COCTOSIIEN U3 YIIIEBOAOB, KAPOOHOBBIX KUCJIOT, AIbAETHIOB, KETOHOB U CMECEeH ABYX

winy 0oJiee U3 HUX.

20. Crioco6 o 1. 19, oTiIM9aromuiics TeM, 9TO COKATaTN3aTop COASPIKUT METAJL, BBIOpAHHBII

u3 rpymmsl, coctosmen u3 Cu, Ag, Au, Zn ¥ UX HHTEPMETAJUTHUECKUX COEUHEHHH.

21. Croco6 o 1. 20, OTIUYAIOIIUHICS TeM, UTO METAJUT UJTH UHTEPMETAJUTUUECKHE COETUHEHU S

COKAaTaIM3aTopa MpeCTaBIeHb! B opMe HAHOYACTHLI.
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22, Kombunanmua mo n. 1, oTimuyaromascss TeM, 4YTO COKAaTau3aToOp CBS3BIBAETCA C
MPOMEKYTOUYHBIM MPOAYKTOM PEAKIHH HA TIOBEPXHOCTH JIEKTPOKATATU3aTOPA WIH B PACTBOPE U
1) BiaMseT HA OPUEHTALMIO CBSI3BIBAHHS IMPOMEKYTOUYHOTO MPOAYKTA /WM 2) aKTUBHPYET
MPOMEKYTOUHBI TMPOAYKT IS CJIAEAYIOLIed peakiud C THAPUOAMH, CBSI3aHHBIMH C
MOBEPXHOCTHIO, WM IOPYTUMH MPOMEKYTOYHbIMU mpoxykramu peakiuu CO2/CO, w/mmu 3)
BJIMSIET HA MPOYHOCTH CBSI3bIBAHUS MPOMEXKYTOYHOTO MPOMAYKTA, YCHUJMBAs WK ocjabiss ee,
wumn 4) crnocoOCTByeT OOpa3OBaHUIO HOBBIX IPOMEXKYTOYHBIX MPOAYKTOB PEaKIUH Ha

MOBEPXHOCTH.

23. Kombunamusa mo m. 1, oTnuuaromascs TeM, YTO COKATaIu3aTop COAEPIKUT MeTalll,

BBIOpaHHBIN U3 rpyIIel, cocrosmeii u3 Cu, Ag, Au, Zn U UX UHTEPMETAUTMUYECKUX COSMHEHUH.

24, KomOunamust mo m. 23, OTiuUYaroIascs TeM, YTO META/UT WM HHTePMETAINYeCKHE

COCOUHCHUS COKaTaiu3aTopa npeaCcTaBJICHEI B (bOPMe HaHOYaCTHLI.
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