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N3ydeHo BIHSHHE a30Ta W KOOagbTa B COCTaBe OJJICKTPOKATAIM3AaTOPOB, CHHTE3UPOBAHHBIX HAa OCHOBE
YIIEPOAHBIX HOCHTENeH (AKTHBHPOBAHHBIX YIUIEH M CaX), MelTaMHHa W KOOagbTa, Ha MX AaKTHBHOCTH B
peaKIuy BOCCTAHOBJICHHUS KHCJIOPOAA. YCTAHOBJICHO, 9YTO KOMITO3HLMOHHBIC 3JIEKTPOKATAIH3ATOPBI C
MEJIAMHHOM U KOOGAIbTOM YBEIMYHBAIOT CBOIO KATAIMTHYCCKYI0 AaKTHBHOCTh B PEAKUHH BOCCTAHOBICHHS
kuciopona. Kartanuzaropsl, u3rotosiennsie npu temieparypax 600 — 700C B armocdepe aproHa nmeroT
HanboJiee BHICOKYIO aKTHBHOCTh B PEAKLMH BOCCTAHOBJICHHUS KUCJIOPOJA. DIIEKTPOKATAIM3aTOPbl HA OCHOBE
AKTHBUPOBAHHBIX YIJICH MPOSIBISLIN 00JIee BBICOKYIO KaTAIUTHYECKYIO aKTUBHOCTb.

Knroueswie cnosa. >1eKTpOKaTaIN3aTOPBI, YIICKTPOBOCCTAHOBICHUE KHCIIOPO/Ia, A30THPOBAHHE.

PACS numbers: 82.45.-h, 82.47.-a, 82.45.Jn, 81.05.Rm

BBEJIEHUE

Pa3paboTka HOBBIX 3JEKTPOKATAIIM3aTOPOB HE COACPKAINUX IUIATUHBI SBISCTCS
OJIHUM W3 TICPCIIEKTUBHBIX HAIPABIICHUHN PElIeHUS MPOOIEMBI IIUPOKOTO HCITOIB30BAHUS
TOIUTMBHBIX 3yieMeHTOB. MccnenoBanust [1-3], nmpoBeseHHbIe HaAMH B O0JIACTH CO3TaHUS
3(()EKTUBHBIX 3JIEKTPOKATAIN3ATOPOB BOCCTAHOBICHHUS KUCIOPOAA MOKa3aJd, YTO a3oT,
BXOJMIIMIA B COCTaB KaTallu3aTopa, CIIOCOOCTBYET TIOBBINICHUIO €ro aKTHBHOCTH.
BBenenne azora B KaTaim3aTOp BO3MOXKHO HECKOJNBKMMHU TyTsAMH. OJHUM U3 MIAPOKO
pacrpocTpaHeHHBIX crmocoboB [4,5] — ucmons3oBaHne KOMILIEKCHBIX COEAMHEHMIH, Kak
azoTcoiepKaIUX  MPEKYpPCOpOB, JUISL  CHUHTe3a  DJJCKTPOKATAIM3aTOpOB  —
(hTanoNMaHMHOBBIX, MTOPGUPUHOBBIX U PA3TUIHBIX MAKPOIMKIMUECKUX a30TCOIEPIKAIIUX
KOOPJIMHAIIMOHHBIX ~COCJMHEHHWA. BTOphIM crmocoboM sBIsIeTCS BBEJIEHHE a30Ta
HETOCPEICTBEHHO BO BpeMs CcHHTe3a [6-8] M3 aMHHOB, aMMHaka, MeJIaMHHA W JPYTUX
MPOCTBIX a30TCOJEPKAIUX coeauHeHui. 1lenpro nanHOW paboThl OBLTO CHHTE3UPOBATH
KOOaNbTCOJIepyKalIie IJIeKTPOKATAIN3aTOPbl HA OCHOBE a30THPOBAaHHBIX MEIaMUHOM
YTIEPOJHBIX HOCUTENIEH M U3yYUTh BIUSHUE a30Ta U KOOAIbhTa B COCTaBE KAaTaIM3aTOPOB
HA VX aKTUBHOCTh B PEaKIIMH BOCCTAHOBIICHUS KUCIIOPOIA.

MATEPHUAJIBI U METO/IbI

JIns cuHTE3a 3JCKTPOKATATU3aTOPOB Opany CIACIYIONINE YIIepOIHbIE MaTepPHAIbL:
aktuBupoBanHbie yriau Al'-3, BAY u CUT-1, caxxu XC-72,11-803 1 alieTUICHOBYIO Caxy
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(AC). B kadecTBe HCTOYHHMKA a30Ta KCIOIB30BAIM A30TCOACPIKALIMNA TPEKYpcop -
menmamMuH CzHeNg, KOTOpBIH 100aBIsUIM K YIJICPOAHBIM MaTepuaiaM B koiaudectse 10%.
CxemMaTHUYeCKU CTPYKTYpHas (hopMyJia MOJICKYJIbI METaMUHA TIPUBEJICHA HUKE Ha puc. 1.

NH,
N7 NN
)|\ /)\
H,N N NH,

Puc. 1.Cxema cTpykTypHO# GOpMYIIBI MOJIEKYIIBI MEJIAMUHA.

W3 cxeMbl BUAHO, YTO MOJIEKYJIa MEJIaMHHA COJCPKUT 6 aTOMOB a30Ta, KOTOpBIC
MOTYT YacCTHYHO BCTPauWBaTbCcid Ha IOBEPXHOCTH YrieponHoro Hocutens. KoGambT B
KosimyecTBe 5% IO OTHOILICHHIO K YIIIEPOAHOMY HOCHTENIO BBOAMIHM HEMOCPEICTBEHHO
nepea  TepMOOOpaObOTKOW B YIIEPOJHYIO KOMIIO3UIMIO MEXaHOXUMHUYECKH U3
rugpatupoBanHoro CoCh-6H,0. [lns 3T0T0 TIIaTeIhHO pacTUpay MOMYyYeHHYIO CMECh B
araToBOW CTymKe, 3aTeM HaBecky oOpasma 200 Mr momemianu B TpyO4aTyr KBapIEBYIO
neyb, Yepe3 KOTOPYIO MPOIYCKAIM aproH W BeIIepKHBaiH 1 4yac mpu HEoOXOoauMON
temreparype. TepMooOpaboOTKy 3JIEKTPOKATATUTHYCCKHX YIIICPOJHBIX KOMITO3UIIHN C
MenamMuHOM ¥ kobaneToM npoBowm pu 300TC, 500T, 700T u 900C. AKTUBHOCTH
IJIEKTPOKATAITN3ATOPOB B PEAKIIUK BOCCTAHOBIICHUS KUCIOPOJIA OTPENICISIIA € TIOMOIIBIO
«mraBaromiero» rasoanddysnonnoro siaektpona [9] ma morenmmocrare ITHM-50-1.1 ¢
UCIIOJIb30BaHuEM TpexdnekTpoanoil sueiiku B 1M KOH mpu 20°C. Dnexrtpomom
CPaBHEHHS CITY>KUJI XJIOpcepeOpsaHbIi 31ekTpo. ['a3oandy3noHHbIH 31eKTpoA TOTOBUIN
cnenyromuM obpazoM: 30Mr ruapodobusuposanHoi 30% moauTeTpadTOPITUICHOM
(TIIT®D) caxu 11803 cripeccobiBay mpu gaBiaernn 50 kr/em? B Tabaerky d=10,15mwm,
maoteocteio  [0,95 r/em® u  Tommmmoir [lmm. Kak TOKOOTBOX HCIIONB30BAIIM
BIIPECCOBAaHHYIO IPH HM3TOTOBJICHHM JJIEKTPOAAa HHUKEJIEBYIO MPOBOJOKY. 3areM
KaTaJn3aTop BecoM 1 MI' HAHOCKWIM Ha TMOBEPXHOCTH 3JEKTPOJa M MOANPECCOBBIBAIU
nasnerreM 20 kr/cm®. KOTHYECTBO HCCIETyeMOro SIEKTPOKATATH3ATOPA OMPEICI ST
pasHHLEH OT mpHBeca dJIEKTPoAa A0, U MOCie MOANPECCOBKH MOPOIIKa KaTaln3aTopa Ha
Hero. lloTeHUMOCTaTHYeCKUEe MONSPU3ALMOHHbIE KPHUBBIE CHUMANIHd II0 TOYKaM IpU
MOCTOSIHHBIX TOTCHIIMANIAX, KOTOpble 3amaBainu mnoreHmuoctarom I[1M-50-1.1 ¢ miarom
10mB. Tok peructpuposanu MmuwniramnepmerpoM M 2020c¢ skctpamnonsiueii Ha t— .

PE3YJBTATHI U OBCYXJIEHUE

DNEKTPOXUMUYECKUE HCCIICIOBAHMS MOoKa3ay, 4TO KOMITO3UIIMOHHBIE
JIEKTPOKATAIN3AaTOPEl C MEIAMHHOM W KOOAJIbTOM YBEIHYHBAIOT CBOIO aKTHBHOCTH B
peaKIuu BOCCTAaHOBJICHUS Kuciiopoja. Ha puc. 2 mpuBemeHBbI 3JIEKTPOKATATUTHICCKHE
3aBUCUMOCTH aKTUBHOCTH CHHTE3UPOBAHHBIX HAMHU YTIEPOACOICPIKAIIUX KUCIOPOIHBIX
KaTalM3aToOpoB OT UX TeMIlepaTypbl cHHTe3a. V3 KOTOporo BUIHBI HEKOTOpPHIC
3aBUCHMOCTH XapakKTepHble I OmpeAeNieHHOro Tuma Hocutenedl. KarammzaTopsr,
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W3TOTOBJICHHBIC M3 YIJIEPOIHON CaXH, HanOoJiee BBICOKYIO aKTUBHOCTH MPOSBIISIOT TPH
temneparypax 600 — 700C. C ymenuuyenueMm temmepaTypbl cuHTe3a 10 900T wux
AKTUBHOCTh B PEAKIMK BOCCTAHOBICHHS KHUCIOPOJa PE3KO YMEHBIIACTCS, YTO CBA3AHO,
BEPOSITHO, C pa3pyIICHHEM aKTHBHBIX IICHTPOB.
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Puc. 2. 3aBHCHMOCTH aKTHBHOCTH KOMIIO3HIIMOHHBIX JIIEKTPOKATAIH3aTOPOB
BOCCTaHOBJICHHsI KHCJIOpoaa ¢ MeidamuHoM U Co oT temmeparypbl cuHTe3a B 1M KOH
npu 20°C Ha yranepoansix Hocutensx: CUT-1 (1), AT-3 (2), BAY (3), XC-72 (4),11-803
(5), AC (6) npu E = -0,16B.

Bun kpuBBIX JUIsi KaTalu3aTOPOB, CHHTE3WPOBAHHBIX HA OCHOBE AKTHBHUPOBAHHBIX
yriiel, HECKOJBKO oTindaeTcsi. IX akTHBHOCTh B pEaKIMH BOCCTAHOBIICHHUSI KHCIIOPOJIA, C
pocToM TeMIiepaTtypbl CHUHTe3a, pacteT u cradwmmsupyercs ot [00TC. [nsa
aKTUBUPOBAaHHOTO yriii BAY 3aBHCHMOCTh aKTHBHOCTH MMEET TaKOH k€ BHUJ Kak H Y
AKTUBHOCTH KaTaJHM3aTOPOB C YIJIEPOJHBIMHA HOCHTENISIMH Ha OcHOBe cax. Ha puc. 3
NpPUBEICHBI  CTAllMOHAPHBIC  MOJSAPU3AIMOHHBIC  KPUBBIE  DICKTPOKATAIN3aTOPOB
noiy4eHHbIX pu Temmepatype 700C.
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Puc. 3. TloTeHIMOCTATHYECKHE TOISPH3AIIMOHHBIE 3aBUCUMOCTH KOMIIO3HIIHOHHBIX
anekTpokartaauzatopos (700, Ar) Boccranosienus kucmopoaa 8 IM KOH mpu 20°C rye:
CUT-1 (1),AT-3 (2),BAY (3),XC-72 (4),I1-803 (5),AC (6), [1-803+30%ITDD (7).
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U3 puc. 3. cnenyer, 4To Hanboee aKTHBHBIM B PEAKITHH BOCCTAHOBJICHUS KUCIIOPO/Ia
SIBJISICTCSI KaTajau3aTop, MONyYeHHBIH Ha yriaepogHoM Hocutene CUT-1, crammonapHas
noispuzanonHas kpuBasi (1) KOTOpOro CIOBHHYTa B TIOJIOKHUTEIBHYIO CTOPOHY
otHocuTenbHO TOANoXKU [1-803+30UITDD Gonee uem na 0,16 B. s cpaBHeHHs
craionapras E, 1gj - 3aBHCHMOCTh XyAIIEro KaTajau3aTropa MOJYYEHHOTO ¢
AIIETHJICHOBOM CaKeil, CIBUraeTcsi B IIOJIOKHTEIbHYIO CTOpoHy Toimbko Ha 0,09 B
OTHOCHTEIIBHO TOAJIOKKHU. 3 pUCyHKa TakKe BHIHO, YTO KHHETHYCCKUE YTIIbl HAKIIOHOB
OE/Olgj mist kaTann3aTOpPOB CXOKHU MeX Iy coboii. B Tabmurie 1 npuBeeHbl KHHETHYECKHE
XapaKTePUCTUKU 3TUX KaTaH3aTOPOB MOJYUCHHBIX Ha pa3HbIX HocuTelsix pu 700T.

Tabéauna 1
KunHeTnyeckue napaMeTpbl 3J1eKTPOKATATUTHYECKOT0 BOCCTAHOBIEHUS
KHCJIOPO/Ia HA a30TCOAeP:KALIUX KATAIN3aTOPaX ¢ pa3HbIMHU YIJIePOAHbIMU
HOCUTEJISIMU cuHTe3upoBaHHbIX pu 700C B Ar.

Ne n/m Karanuzatop E stB bl@E/@lgj, Ez Jos» AlT
1. 1-803+30%ITDD 0,120 | 0,060/ 0,120/ 1,010°
2. AC -0.053| 0.054| 0.100] 2.5-10
3. 1-803 -0.012| 0.060 0.120 3.230
4. BAY -0.049| 0.061] 0.120] 6.330
5. AT-3 -0.035| 0.065] 0.120] 8.510
6. CIT-1 -0.049| 0.064] 0.113] 1.6710
7. XC-72 -0.066| 0.060 0.115] 1.540

W3 Ttabmuupl BHOHBI HEKOTOpPHIE 3aKOHOMEPHOCTH KHHETHYECKHX IapaMeTpOB
JNIEKTPOKATAIM3aTOPOB BOCCTAHOBIICHUS KHCJIOPOAA. YTl HAKIOHOB CTallMOHAPHBIX
MOJISPU3AIMOHHBIX KPHUBBIX ISl KaTAIM3aTOPOB JIeKaT B rpanunax; by = 0,054 - 0,63, b,
= 0,113 - 0,12(B. BennurHbI pacCYUTaHHBIX TOKOB OOMEHA |o HAXOAATCS B Ipenesiax oOT
2.5-10° u 10 1.6-10° A/r, npuuem [Uist SMEKTPOKATATH3ATOPOB C AKTHBHPOBAHHBIM YITIEM
CUT-1 u caxeit XC-72 ToKH 0OMEHA HIMEIOT CaMbI€ BEICOKHE 3HAYCHHUS.

CpaBHHMBasi BeNWYMHBI yrJIOB  HakioHa 3aBucumocteit  Igj=f(E), wmoxHO
NPEATOJIOKUTh, YTO PEaKIHsl BOCCTAHOBIICHHS KUCIOPOAa MPOTEKACT Ha MCCIECIOBAaHHBIX
KaTaJM3aTopax IO ABYX JIEKTPOHHOMY ITyTH Yepe3 oOpa3oBaHHE MEPOKCHIA BOAOpPOIA
(ypaBuenue 1-3).

0,+H,0+2¢ =HO, + OH Q)
C mocnenyromei cTanuel MMEKTPOXUMUIecKoro BocctanoBiaeHuss HO;

HOZ_ + H20+26 = 30H (2)
WU XUMHYECKOU Peakuu AUCTIPONOPLIUOHUPOBAHUS:

HO, =OH +1/20, (©))

Hcxonms u3 BemuunH HakiaoHOB KpuBbIX Igj=f(E), MOXHO MpeamonoxuTs, 9T0 I
BCEX CIIy4aeB, XapaKTEPHO DJIEKTPOBOCCTAHOBJIEHHE KUCIIOPO/Ia, MPOTEKAIOIIEE CTaIuHO
[0 OJHODICKTPOHHOMY MEXaHHW3My C 3aMEIJICHHBIM TMPHCOEIMHCHUEM TIEPBOTO
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9NIEKTPOHA C MOCIEIYIOMNM 00pa30BaHHEM MEPOKCHIA BOAOPOIA, YTO XapaKTepHO IS
aKTUBHPOBaHHEIX yriteii [10].

Kartanmutryeckas akTHBHOCTh B PEAaKIHUM 3JIEKTPOBOCCTAHOBIICHHUS KUCIOpOJa Ha
noxyueHHbIX ipyu /00T B Ar KOMIO3UIIMOHHBIX MaTepHaiaX yMEHbBIIACTCS B PLY:

{CIT-1+CsHeNg} > { XC-72+GHeNg} > { AT'-3+C3HgNg} > { BAY+CzHeNg} >
{11803+GHeNe} > { AC+C3HgNeg}

black DnexTpokaTanu3aTopbl Ha OCHOBE YIS MPOSBISIIOT 0OJiee BBICOKYIO
KaTaJIUTHYECKYIO aKTUBHOCTH. [Ipn CpaBHEHHMH >JIEKTPOKATaIN3aTOPOB C METAMHHOM U
0e3 MesnamMuHa OBUIO YCTAQHOBIICHO, YTO BBEJCHHE a30Ta IOBBIIACT MX aKTHBHOCTH. M3
BCEX YIJIEPOAHBIX HOCHUTENECH BIEKTPOKATaIH3aTOphl MOJIYYEHHBIE Ha OCHOBE
HaHogucnepcHol caxu XC-72 1 a30THPOBaHHBIC MEIAMHHOM IPHMEHEHHE B CHCTEMax
TOIUTMBHBIX 3JIEMEHTOB 00Jiee MNPEINOYTHTENHHO, TaK KaK 3Ta caxa CIOCOOCTBYET
JTyqmeMy OOpa30BaHMIO KaTAIMTHYECKHX YEPHWJ IUIA HAHECEHUS MX Ha MeMOpaHy.
KaranuzaTopsl 31eKTpOBOCCTaHOBIICHHSI KHCIOpPOJA, NPUTOTOBICHHBIE Ha OCHOBE
aKTHBUPOBAHHBIX YIJeH MOKHO MPUMEHATh B COCTaBE KaToJa Ul METaJUIOBO3TYLIHBIX
MCTOYHHUKOB TOKA CO IIEIOYHBIM 3JIEKTPOIHTOM.

3AK/IIOYEHUE

YCTaHOBIICHO, YTO KOMIO3UIIMOHHBIE AJICKTPOKATAII3aTOPEI C MEIIAMHHOM U KOOAITETOM
YBEJIMYHMBAIOT CBOIO KATAIMTHYCCKYIO aKTUBHOCTh B PEAKIMH BOCCTAHOBJICHHUS KUCIIOPO/A.

Karamuzatopel, usrorosieHHeie mpu Temmneparype /00T B armocdepe aprona
MOKA3bIBAIOT JIYUIIINE AECKTPOKATAIUTHYCCKUE XapaKTePUCTUKH B PEAKI[H BOCCTAHOBIICHUS
KUCIIopoia Ha aktrBupoBaHHOM yrite CUT-1 n HaHoauciepcHo# caxke XC-72.

ONeKTpOKaTaAIN3aTOphl HAa OCHOBE AKTUBHUPOBAHHBIX YTJEH B IEJIOM MPOSBISIIH
0oJiee BRICOKYIO KaTaTUTHIECKYIO0 aKTHBHOCTD
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BuBueHnii BIUIMB a30Ty i KOOalIbTy y CKJIaJi €IEKTPOKATali3aToOpiB, CHHTE30BAHMX HA OCHOBI BYIJICLIEBHX
HOCIiB (aKTHBOBAaHOrO BYriUIs i cax), MelaMiHy Ta KoOanbTy, Ha iX aKTHBHICTH B PEaKIlil BiIHOBIICHHS
KUCHIO. BcTaHOBIEHO, 1110 KOMIO3HUILIHHI €IeKTPOKATaNi3aTOpH 3 MEIaMiHOM i K0OaIbTOM 301IbUIYIOTh CBOIO
KaTaliTHYHY aKTHBHICTh B peakiii BiAHOBIeHHs KicHI0. KatanizaTopu, BUrotosneni npu temmneparypax 600 -
700C B armocdepi aprony MaOTh HaiBUIly aKTHBHICTh B peakiil BiJHOBJCHHS KHCHIO.
EnexrpoxkarainizaTopu Ha OCHOBI aKTHBOBAHOTO BYTLIIIS IIPOSIBIISUTY BUIY KaTaJiTHYHY aKTHBHICTB.

Kniouosi cnoea. enexTpokaTanizaTopH, eJIeKTPOBITHOBICHHS KHCHIO, a30TyBaHHSI.

Pirskyy Yu.K. Oxygen reduction electrocatalysts basd on melamine nitrided carbon-supports by and
cobalt / Yu.K. Pirskyy, A.S. Tupchienko// Scientific Notes of Taurida V.Vernadsky Natiomdiversity. —
Series: Biology, chemistry. — 2013. — Vol. 26 (8%). 2. —P. 256-262.

The influence of nitrogen and cobalt in electrolyasta synthesized from carbon media (activated aadnd
carbon black), melamine and cobalt on their agtivitthe oxygen reduction reaction has been studidths
been found that composite electrocatalysts withaméie and cobalt increase their catalytic actiuitythe
oxygen reduction reaction. Catalysts made at temyresaof 600 - 700°C in an argon atmosphere have the
highest activity in the oxygen reduction reacti&hectrocatalysts based on activated carbons shbwgbekr
catalytic activity.

Keywords electrocatalysts, oxygen electroreduction, nitigd

OXYGEN REDUCTION ELECTROCATALYSTS BASED ON MELAMINE
NITRIDED CARBON-SUPPORTS AND COBALT

Pirskyy Yu.K., Tupchienko A.S.
Vernadskii Institute of General and Inorganic Chemistof the Ukrainian NAS
e-mail: pirsky@ionc.kiev.ua

The development of new non-platinum electrocatalisbne of the most promising ways
to solve the problem of wide use of fuel cells.dstigations carried out by us in the field
of efficient oxygen reduction electrocatalysts hat®wn that nitrogen as a part of the
catalyst enhances their activity. Introduction wfagen into the catalyst can be performed
in several ways. One common way is using nitrogeecysor (e.g. metal
phthalocyanines, porphyrin complexes, and varioitsogen-containing macrocyclic
coordination compound). Second method is introdactdof nitrogen directly during
synthesis (e.g. the use of nitrogen precursor, @snimmmonia, melamine, etc.) The
purpose of this work is to synthesize cobalt-baségttrocatalysts on the basis of
melamine-nitrided carbon supporsd to examine the effect of nitrogen and cobalt in
catalysts on their activity in the oxygen reductieaction.

For the synthesis of electrocatalysts the followsiagbon materials: acetylene black (AC),
carbon black XC-72 and P-803, activated carbons3ABAU and SIT-1 were used. The
nitrogen source was melamingHgNe, the amount of which added to the carbon materials
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was 10%. Cobalt was introduced into the carbon asitipn mechanochemically from
hydrated CoGI6H,0O before the heat treatment. Heat treatment otretatalytic carbon
compositions with melamine and cobalt was carrietdad temperatures of 300°C, 500°C,
700°C and 900°C. The activity of electrocatalystdhe reduction reaction of oxygen was
determined by "floating" gas diffusion electrode potentiostat PI-50-1.1 using a three-
electrode cell in 1M KOH at 20°C. Silver chloridearode was used as a reference electrode.
It was found that composite electrocatalysts witblamine and cobalt increase their
catalytic properties in the oxygen reduction reactiBasically electrocatalysts based on
coal exhibited higher catalytic activity. Kinetitope angles lie within $50-60 mV and
b,=100-120 mV. The calculated values of exchangesouiy were from 1.5-16to 1.0-10
* Alg. The electrocatalytic activity in the oxygeeduction reaction at the investigated
catalysts obtained at 700°C decreases in the order:

{SIT-1+CsHeNg} > { XC-72+GHgNg} > {AG-3+C3HeNg} > {BAU+C 3HgNg} >

{P803+GHsNe} > { AC+ CsHgN6}

Electrocatalysts obtained from nano-dispersed cabback XC-72 and nitrided melamine
showed superior performance in the oxygen reducgantion. Application of XC-72 fuel
cell systems is preferred because it contributebetiber formation of catalyst ink for
applying it to a membrane. Oxygen reduction electtalysts prepared on the basis of
activated carbon can be advantageously used fal+aietpower sources.
Keywords:electrocatalysts, oxygen electroreduction, nitrgdi

References

1. Pirskyy Yu.K. Coordination compounds of transitiod-Betal as precursors of electrocatalysts for
oxygen reduction (in Russian) / Yu.K. Pirskyy //stteik Kharkov. Univ. -2005. - No 648. - P. 55-58.

2. Pirskyy Yu.K. Electrocatalytic activity of bipyridey and phenanthroline complexes of 3-d metals én th
oxygen reduction reaction (in Russian) / Yu.K. Bgs A.L. Prokopchuk // Ukr. Khim. Zhurn. -2003
V.69, No 3,-P.72-75.

3. Pirskyy Yu.K. Modification of carbon pyrolysis pradts heterobimetallic Mnll / MIl and Znll / Ml (M
= Cu, Ni) systems for the electrochemical reductboxygen (in Russian) / Yu.K. Pirskyy // Dofdyv
NAN Ukrayiny. -2008. No 10. -P. 148-154.

4. M.R. Tarasevich Electrocatalysis of oxygen reactigtn pyropolymers of N4 complexes (in Russian) /
M.R. Tarasevich, KA Radyushkin, GV Zhutaeva // Elekhimiya, -2004. -V. 40, No 11. -P. 1369-1383.

5. Wiesener K. N macrocycles as electrocatalysts for the cathaetiiation of oxygen / K. Wiesener, D.
Ohms, V. Neumann, R. Franke // Mater. Chem. Phys89,19V. 22 —P. 457-475.

6. GuptaS. Heat-treated polyacrylonitrile-based catalystsokygen electroreductionS. Gupta, D. Tryk, I.
Bae, W. Aldred [at all] // J. Appl. Electrochem.98B, —-V. 19, —P. 19-27.

7. Faubert G. Activation and characterization of Fedohcatalysts for the reduction of oxygen in polyme
electrolyte fuel cells / G. Faubert, R. Coté, D. GuhF. Dodelet [at all] // Electrochim. Acta, -199&/.
43, -P. 1969-1984.

8. He P. Oxygen reduction catalysts for polymer etdgte fuel cells from the pyrolysis of various
transition metal acetates adsorbed on 3,4,9,10egueretracarboxylic dianhydride. / P. He M. Lefévre
G. Faubert, J. P. Dodelet // J. New Mater. Elettene. Syst. -1999, —V. 4. -P. 243-251.

9. Steinberg G. The study of the kinetics of oxygedurtion on disperse carbonaceous materials (in
Russian) / G.V. Steinberg, I.A. Kukushkina, V.S. Bagy, M.R. Tarasevich // Elektrokhimiya. - 1979. -
V. 15, No 4. -P. 527-532.

10. Tarasevich M.R. Electrochemistry of Carbon MaterfalsRussian) / M.R. Tarasevich. - Nauka Moscow,
1984. -253 p.

Hocmynuna ¢ pedaxyuro 22.05.2013.

262



