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Bupimrenns mpo6iiemu 3a6e3nedeHHss HeoOXiqHUMH 00’ €eMaMU €Heprii cTae cTpaTe-
T1YHOO TIPOOIEMOI0 BI)KHBAHHS JIIOJICTBA B MaitOyTHROMY. Peaiizamiss HOBOi eKOHOMiY-
HOI TIONITHKHM B 3Ha4HIA crereHi Oynme Oa3yBaThcs Ha BiJHOBIIOBAIBHHUX JDKEpENIax
eHeprii, 30kpemMa, Ha po3poOIli HOBUX MOKOIIHb TBEPAOTUIFHHX JITIEBUX aKyMYIISTOPIB.
Ha cporoHi Haifpo3MOBCIOIKEHIIINM THIIOM JIITIHEBUX aKyMYJISITOPIB € aKyMyJISITOPH 3
OpraHiYHUMH PIIMHHUM YH TOJIMEPHUM eNeKTponiToM. HemosikoM Takux akymyJis-
TOpIB € MOJJIMBE MPOPOCTaHHS ICHIAPUTIB BiX KAaTOIy JO aHOMY, IO MPHU3BOIHUTH JO
MOBHOI 3yIIMHKU aKyMyJIsiTopa, sIKMi crae me i Hebesneunum. llle onnumM HemoikoM €
oOMexeHuil iHTepBai poOounx TemrepaTyp. [IpoTe 3amiHa OpraHiyHOTO €IEeKTPOIIITY Ha
TBEPAOTUILHNIN JO3BOJINTH 3HAYHO IMiJABUIINTH OE€3MEKy sl HABKOJIMIIHHOTO CepPEOBH-
ma. KpiM Toro, 3amiHa piIKMX €JIEKTPOJITIB Ha TBEPAOTIJIbHI JO3BOJIUTH 3HAYHO PO3-
IMIMPUTH TEMIIEPATYPHUI Aiana30H BUKOPUCTaHHs. BHKOpHCTaHHS KEpaMiku B €IEKTPO-
XIMIYHHX CHCTEMax € JyKe MPUBAOIMBHUM, TOMY IIO IIi MaTepiald € MEXaHIYHO MIIHU-
MH 1 MOXKYTh BUTPUMATH BHCOKI TEMIIEPaTypH Ta BHCOKHI THCK IOPIBHSHO 3 TOJIMep-
HUMH Ta PIIKAMH eJeKTpoiiTamu. Lle nacTe J0AaTKOBI epeBary y BUTIISAL i ABUIICHHS
Oesrekn Ta 3anmo0iraHHs MpodJIeMH KOpOo3il, MpUTaMaHHUX PITUHHUM €JICKTPOJIiTaM, 110
3apa3 BUKOPHUCTOBYIOThCA. Ha ChOrOAHINIHII A€HB JITIEBI TBEPAOTLIBHI aKyMyJSTOPH
MaroTh BHIIl T'YCTUHH CTPYMIB, MOPIBHSHO 3 PIAMHHUMH aKyMyJsitopamu. Tomy pos-
BUTOK 1 YCITIXH TBEPAOTUIBHUX aKyMYJIATOPIB B IEPCIIEKTHBI MOXYTh IPUBECTH JIO TOTO,
110 BAACTHCS PO3POOUTH TBEPAOTUIbHI aKyMYJISITOPH 1 JUIsl €1eKTPOMOOLTIB. AJle HaBITh
MaJIOTIOTYXXHI TBEPJOTUIBHI aKyMYJISITOPH IIHUPOKO 3aCTOCOBYIOTHCS YK€ CHOTOJHI SIK,
HATIPUKJIA]l, KapAIOCTUMYJIATOPH B MEIUIIMHI Y B TEXHII IS )KUBJICHHS AKX CIICITi-
aNbHUX ENEeKTPOHHUX cxeM Tuny RAM [1].

OCHOBHUMH HEAONIKOM ICHYIOUHX TBEPIOTLIHHHUX IITIEBHX aKyMYJATOpPIiB € Bij-
HOCHO HH3bKi TIPOBIZHOCTI TBEPIOTO ENEKTPOJITY MpH KiMHaTHIi TemmepaTypi (10—
107 Om'em™), a Takox XiMiuHa Ta eNEeKTPOXiMiuHA HeCTABIMbHICTh TBEPAOTO ENEKTPO-
JTY B KOHTAKTi 3 JITI€BUM aHOIOM. TakoX BiZIOMi BHCOKOIIPOBIiIHI JIiTi€BI MaTepiaimy,
po3po0IIeHi Ha OCHOBI CKia (Cyab(iaHI CTEKIa), IPOTE iXHIM HEIOTIKOM € HeCTaOlib-
HICTh Ha MOBITpi. TOMy Ha CHOTOINHINIHIA JEHb MEPCHEKTUBHUMH MJIsI TPAKTUYHOTO
BUKOPHCTaHHS € YOTHPH KJach OKCHIHUX MarepialliB — THUTaHAaTH JIAaHTaHY-JITii0
Lis,La, ;5 4TiO5 (LLTO) 3i cTpyKkTyporo mepoBchKUTy [2], docdarn TUTaHYy-aIIOMiHIFO-
mitito (Lij 3Aly5Ti; 7(POy);) 31 crpykTyporo NASICON [3], okcunitpun ¢ocdaty mitiro
LiPON [4] ta unpkonaru pantany-mitito (Li;La;Zr,0,,) 3i cTpykTyporo rpaHaty [5].

Ha maxuit 9ac oHIM i3 Kpamux KPUCTATIYHIX HEOPTraHIYHUX JITiH-IOHHUX TBEPIUX
€JIEKTPOJITIB € THUTAHAT JMaHTaHy-miTit0 LizLay; 013041105 (0 < x < 0,16) [6]. Hass-
HICTh KaTIOHHUX BaKaHCIH y CTPYKTypi CIIpHs€ BUCOKIH PYXJIMBOCTI HOHIB JITiIO Yepes
BY3bKE Mic1e, cpopMOBaHE YOTHpPMa MPHIIETINMH KHCHEBIMH OKTaeapamu [7]. 3a morro-
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MOTOK0 HEHTpOHOTpadiYHUX JOCTIHKEHb OyJI0 BCTAHOBIJICHO, 1[0 aTOMH JITikO, SKi 3HA-
XOAThCA B A-TIArparii, 3MIILyIOThCs BiJl IIEHTPY, yTBOPEHOTO KHCHEBUMH OKTaeJpaMu
IO TpaHe 1 THM caMHUM He OJIOKYFOTh KaHaJl TIpOBiIHOCTI [7].

Sk ToKa3amu TOCTiKeHHS, TIPOBITHICTh TPAHUII 3epeH NAaHUX JIITiH MPOBITHIX MA-
TepiajiB SK MiHIMyM Ha 2 TIOPSIKA MEHIIIA IPOBiTHOCTI 3€pHA, TOMY BayKIIHBOIO IIPOOIIe-
MOIO € TOUTYK [UISAXIB ITiIBUIIEHHS IPOBiTHOCTI TPAHHUIIH 3€pPEeH Y HOHHUX MPOBITHUKAX.
OCKUIbKM KepaMika CKJIAIA€ThCsl 13 3epeH, SIKi TMOB'sI3aHi OJMH 3 OAHUM Yepe3 IpaHull,
TOMY MUTOMHUI OMip TpaHMI 3epHa € BAXIIMBHM BHECKOM Y 3arajbHy HpOBIJHICTH i
CTIMKICTh CTPYKTYpH. 3a3BHUYall TPaHMIll 3¢PCH B JIITIEBUX MPOBIAHUKAX MAOTh 3HAYHHIMA
€JIEKTPUYHUH OITip 3a paxyHOK yTBopeHHs 6ap’epiB LlloTki. ToMy 3MeHIIEHHS BETUUUHA
Oap’epiB 1lloTki Ha rpaHUIIX 3epeH 3a paxyHOK cTBopeHHs core/shall cTpykTyp moBuH-
HO 3HAYHO ITiBUIIUTH JITIEBY IPOBIIHICTh TBEPANX EIEKTPOIITIB. BUroToBneHHs HaHO-
YAaCTHHOK 31 CTPYKTYPOIO sIp0/000JIOHKA — IKaBUIl HAPSIMOK JUTS TOJIMIIECHHS TIPOBi-
HOCTI Ta CTIHKOCTI Li-poBigHOT KepaMiKH.

ABtopamu [8] OyB CTBOpEHHMII MakKeT JITiH-MIOBITPSHOTO aKyMyJsTOpa Ha OCHOBI
KEpaMidHOTO TBEPAOTO OKCHAHOTO eNeKTpoiiTy LagseLigs3TiO; (LLTO) i mocmimxeHo
fforo po3psaHi xapakTepucTuku. Po3psani kpusi Li/O,-akymynsatopa Oynu BHBUEHI Ha
MakeTi ximigHoro mxepena crpymy (XIAC) ryasukoBoi KOHCTpYKIii (miamerp 23 mw,
ToBIIMHA 2,5 MM). Bumipu npoBonunucs npu temnepatypi 22—24°C 6e3 npuMycoBOro
001yBaHHS KaTOJHOTO MacH IMOBITPsIM (KHCHEM). SIK KaToJ] BUKOPUCTOBYBAJIacs CIIPECo-
BaHa MoOpHUCTa CyMill JBOX ckiaaiB. [lepmmii ckiaa ckiamaBcs 3 €NEKTPONPOBIAHOT
Mmarpuui (caxa) 1 ¢roporuacroBoro nopomky ®3b (criBBiIHOMIEHHS CaXi 1 TOPOLIKY
98 1 2%, BimnoBigHO). [lpyruil ckiax CKIIAJaBCs 3 €JIEKTPOIPOBIIHOT MaTpuii (caxa
73%) Ta KaramizaTopa - OKCUAYy HIKelIo.

OTpuMaHU{ JIITIH-TOBITPSHUI €JIEMEHT Ha OCHOBI KEpaMi4HOTO EJEKTPOJITY
Lay s6Lig33TiO3 xapakTrepusyerbcst pododoto Hampyroro 3.1 B i BHCOKOIO cTabITBHICTIO
po3psany B daci. BuBYEHO pO3psSAHI XapaKTEPUCTHUKU JITiH-IIOBITPSHOTO €IEMEHTa.
BcranoBieHO 3aMeXKHICTh eMeKTPO(i3UIHUX BIACTHBOCTEH JITIH MOBITPSHOTO €JIeMEHTa
BiJl TOBIIMHU KEPaMiYHOTO EJEKTPOJIITY, a TaKOXK BIUIMB KaTaji3aTopa Karoja Ha HOro
PO3psIIHI XapaKTEPUCTUKH.

Ha mincraBi mpoBeneHHUX JOCIIHKEHb MOKa3aHo, 10 Uit cTBopeHHs Li/O)-akymy-
JSITOpa MEePCIEKTUBHO BUKOPHUCTOBYBATH SIK €JIEKTPOJIT JITIHIIPOBIIHI KepaMiuHi Mare-
piayi, a caMe TUTaHAT JAHTaHY-JIiTit0. BeranoBneHo, mo B Li/Oj-akymynsatopi edek-
TUBHICTh KaTo/a B 3HA4YHIH Mipi BH3HAuUa€ThCS HAsABHICTIO KaTaji3aTopa B ITOPHCTIH
€JIEKTPOIPOBiAHIM Marpuii. OTpUMaHi pe3ynbTaTh MOKa3ylOTh MEPCIEKTHBHICTH J0C-
JDKEHb 10 po3poOIi JITIHIPOBIAHAX MaTepialiB Ha OCHOBI OKCHIHUX CHCTEM 1 CTBO-
PEHHS Ha 1X OCHOBI TBEPJOTIIBHUX EIEKTPOXIMITHIX IIPUCTPOIB.
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Metal-air cells successfully operate in electrochemical systems with aqueous or aprotic electrolyte. Mate-
rials with a perovskite structure based on lanthanum-lithium titanate (La,Li)TiO; with a relatively high lithium
conductivity at the room temperature can be considered as promising materials that can be used as ceramic
electrolytes in a Li/O; cell. In this work solid ceramic electrolyte for a Li/O, coin cell was manufactured on the
basis of the LigseLag33TiO; material. Discharge characteristics of a lithium—air cell have been studied. The
dependence of electrophysical properties of a lithium—air cell on the thickness of the LagssLig33TiO; ceramic
electrolyte and effect of the catalyst on its discharge characteristics are established. Potential ability to develop
Li/O; cell based on ceramic electrolyte of lanthanum—lithium titanates (La,Li)TiOs has been shown.

Key words: electrochemistry, power sources



194 VIII Ykpaincokuii 3’130 3 enekmpoximii

VK 544.726.3
Mapia HABAH, /Trwomuna POK/ECTBEHCBKA, FOnin /I3A3bKO

EJEKTPOJEIOHI3AIISA JITIA-BMICHAX PO3UNHIB
3 BUKOPUCTAHHAM IOHITY TiO,-MnO,
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PiBeHp BUKOPUCTAHHS JITIFO B IPOMHCIOBOCTI MTOCTIHHO 3pOCTAE 1 HOIITEHO PO3TIIS-
AT HOBI JKepena s HoTo BHIO0OYBaHHS: BOJIU CBITOBOTO OKEaHy, IIaXTHI BOAH 1 PO3-
COJIM TICJISL OTPICHEHHS MOPCHKOT BOJH. 3aCTOCYBAaHHS CEIEKTHBHUX COPOLINHMX MaTe-
piaiiB m03BoIISIE€ €PEKTUBHO BHITYYATH JIITiH 3 IUX PO3UMHIB.

Cepen BiOMHX JITIHCENEKTUBHUX COPOEHTIB MEPCIEKTUBHMHU € COpOIifiHI MaTepi-
aJIM Ha OCHOBI JIOKCHIY MaHTaHy, IPOTE BOHU MOXKYTh OyTH OTpHUMaHi JIUIIE Y BUTIISAAIL
JIPIOHOTUCTIEPCHOTO MOPOILIKY. Bkl Toro, Taki COpOSHTH MOCTYIOBO BTPAYarOTh CBOT
BJIACTHBOCTI ITiJ] Yac pereHepallii BHaCJIiI0K TUCIIPOTIOPIIOHYBaHHS

Mn*" — %BMn*" + %Mn*.

Taki Bagu MOXXyTb OyTH YCYHEHI IIPH CIIOIYyYEHHI, HAPUKIIa, OKCUly MaHTaHy 3 iHIIH-
MU HeopraHiyHuMH ioHiTamu [1, 2]. Tak, OyJi0 CHHTE30BaHO PsJl MOABIMHUX OKCHIB,
TOCTIIKEHO 1X copOuiitHi BmacTuBocTi. [Toka3ano, mo HaibiLIbIIa cOpOIiifHa EMHICTH 3a
JTIEM JOCSATaEThCS UL COpOLIHHMX MartepialiB Ha ocHOBI Ti0,-MnQ,, a koedirieHTH
PO3TOALTY TIpU COPOIIIT JIiTiF0 3MEHITYIOTHCS B PAAY:

TiOZ-Mn02 > ZTOZ-MHOQ > A1203—Mn02.

Otpumano nozagiitai okcuan TiO,-MnO,, siki, Ha BiIMIHY BiJl CHHTE30BaHHUX TBepAOdas3-
HUM CITIIKaHHSAM JITiH-MaHTaHOBUX IIITiHENIEH, SBISIOTH COOOI0 TPaHYIH CEPEIHBOTO
poamipy 0,2-0,5 mm. CeleKTHBHICTD A0 10HIB JITiI0 (OPMYETHCS P TEPMiuHIi 00poOILIi
Marepiaiy, ssKHii yTBOPIOETBCSI TIPH IIepediry 301b-Tellb NpoLecy, 1 BU3HaYaeTbes: TyBo-
PEeHHSIM KpHCTaiuHOI JiTiiiBMicHOT azu. Taka ¢asza € 1oCTynHO JuIIe I iOHIB Jii-
TiIO Ta NPOTOHIB, @ IHII KaTIOHH MOXXYTh COpOyBaTHCS JIMIIE HA MTOBEPXHI 1 Ae(EKTHHU-
MU JTUITHKaMu cTpyKTypu. [ligBuineHHs TeMnepatypu cuHTtesy ioHITiB 10 700°C cipusie
30UIBIICHHIO 10T JITIHBMICHOI ()a3H, 3arajJbHOMY BMICTY iOHIB JITiIO 1 CENICKTHBHOCTI.
[Tpore 1e nMpu3BOAUTE O 3MEHIICHHS COPOIIHOI EMHOCTI Ta 10 YHOBLIEHEHHS MOTJIH-
HaHHS ioHIB JiTifo. g 3paskiB, cuaTe3oBaHux npu 500-600 °C, xoedimientn nudysii
(1,49-107"% — 3,96:10""° M*/c) cniBBinHOCATBCA 3i 3HAUeHHSAMH KoediuieHTiB aupy3ii B
crnonykax niTito LiMyMn,_,O, 3i cTpykTypoto mmiHeni [3]. BoueBuas, 3a Takux yMoB
LEHTPH CEIeKTHBHOI copOIlii (POpMYIOTECSI, B OCHOBHOMY, B TIOBEPXHEBOMY Iapi ce-
pudHUX rpaHya copOenTiB. Lle nae migcTaBu A1 BUKOPUCTAHHS iX SIK MKMEMOpPaHHOTO
HATIOBHIOBaYa B €JEKTPOMiaNi3HIM KOMIpIi /IS BHIYYCHHS 10HIB JITiIO 3 po30aBICHUX
po3umnHiB. fIK BimoMo, Taki METOAM BHKOPHUCTOBYIOTH JUISI BHOAJIICHHS 10HIB 3 PO3YUHIB
HHU3bKOI KOHIICHTpAITii.

JlocimKeHHs] TPOBOJMIM B JIAOOpaTOpHii TpUKaMEpHiil YyapyHIll 3 BUKOPHCTaHHIM
HEOpraHiuHOI KaTioH00OMiHHOI MemGpann moteio 0,0016 M2, siky 6y1o MOIH(IKOBAHO
JITIA-TUTAHOBUM 10HITOM BiAmoBinHO [1]. Po3uuH, 110 MOJEITIOE BMICT 10HIB Y MOPCHKIilt
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Boi (Li” = 3 moms/M’, Na "=400 Mob/M’) B IPAMOTOYHOMY PEKHMi IIPOIYCKAIN Yepe3
[EHTpallbHE BiIiICHHS KOMipku (JiHIIfHA MIBHIKICTH CTAHOBHIIA 3,3-10_4 M/c). Emek-
TPOZCIOHI3AIlI0 MPOBOAWIMA B MOTCHIIOCTaTHYHOMY pekumi mpu E = 5; 15 Ta 20 B.
OyHKIIS 10HITY TMOJATaNa y IMOJOJIaHHI MUQY3IHHUX OOMEXKEHb, SKi MPUTAMaHHI UIs
eJNeKTpoianizy abo MeMOPaHHOTO eNEeKTPONi3y CIa0KOKOHIICHTPOBAHUX po3unHiB. [lo-
Ka3aHo, IO 30UTBIIEHHS HANPYTH, SK MPaBUIO, IPU3BOAUTE A0 30UTBIICHHS KUTBKOCTI

ioHiB (ny;) y xatomiti (Ta6m.1). [Ipu poMy 3HaYHO 3pOCTAa€ CTYHIHb OYUIICHHS ITOPiB-
HSHO 3 ioHaMu HaTpito (Puc.1).

Taomuust 1. [TokazHUKH eNeKTPOACIOHI3aLiTHOr0 BUITyYSHHS 10HIB JIiTif0 3 KOMIO3UTHUM 10HITOM

TiOZ-Mn02
Table 1. Electrodionization of lithium-containing solution using TiO,-MnQO, ion exchanger
U,B 5 15 20
i, A’ 37,5 406,25 562,5
ny; (Y KaToNiTi) MMOJIb 0,004 0,126 0,15
dny/dt, Moms/c 1,38x107"° 4,37x107 5,20x107
nyi (B 10HITi), MMOJIb 0,75 0,9 4,15
dn/dt (s ionity), (Molb T)/c 1,73x10° 3,9x107 1,8x10°®
nng/BLi (1S 10HITY) 0,003 0,744 0,706
nNa/nLi (1151 KaTOJITY) 357,5 3333 1600
Kd Li 74 101 206
Kd Na 0,03 0,23 0,74
80
X
% 60 Li
£,
E 40 |
.E‘
@) 20 ¢ Na
0 ; : . .
4 8 12 16 20
E. B

Puc. 1. CryneHs BUIy4eHHs 10HIB IIPH eNeKTpoieioHi3alii 3 BukopucTaHuaM ioHiTy TiO,-MnO,

Fig. 1. Degree of ion removal during electrodeionization using TiO,-MnQO, ion exchanger

HesBaxaroun Ha meii gakrt, Oymo BCTAHOBIICHO, IO JO KATOJITY MEePeXomuTh 10 6%
JIiTiF0. 3HAaYyHA HOro KiJbKICTh MOTIHMHAETHCA 10HOOOMIHHHMM HAIOBHIOBaueM. Y IoOIIe-
PEIHIX JOCTIKEHHSIX BCTAHOBJICHO, IO MBUAKICTH COPOIil 10HIB JTiI0 B TUHAMIYHHX
yMOBaX € JIOCHTb MOBiLIbHOW (dn/dt = 3,71-107'° (Mons r)/c). 30BHiLIHE eneKTpHUHE
T0JIe TIPU3BOIUTE 0 iHTeHCHU}iKaIl copOIIii, mo BixOyBa€ThCS BHACTIIOK PO3KIaJaHHS
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BOJIY Ha TIOBEPXHi TPaHyJI 10HITY, Pe3yIbTaTOM YOTO € IMiUTyKEHHs pO3YMHY Ha TPaHHIL
po3niny ¢a3 [4]. Tomy mpu HU3BKIH MIUTBHOCTI CTPYyMY, sIKa Peali3yeThCs MPH Hampys3i
5 B, mepeHoC MiTiI0O 0 KaTONITy MaibKe BIICYTHIH, a BeCh CTPyM BUTpAdacThcs Ha
mepeHoc ioHiB Harpiro. [Ipu 30iMpIIeH] HAMPYTH IIBUAKICTH COpOMIi JITiIO € 3HAYHO
OLITBIIOI0, HIXK MBUIKICTh EPEHOCY 10HIB M0 KaTomiTy. [lepeHoc y mapi ioHITy mix gac
eJIeKTpoJeioHi3aIil TpuBae Ge3nepepBHO JIUIIE B TOMY BHITAIKY, KOJW IIBHIKICTH 10H-
HOrO OOMiHY JOpIBHIOE IIBHIKOCTI TEPEHOCY IOHIB JI0 BiAINICHHS KOHIEHTPYBaHHS.
Tomy 3a JaHUX YMOB NIEPEHOC 10HIB JIITiIO BiAOYBABCsI JIMIIIE Yepe3 PO3UUH, a IOHIT MiCIs
HaCcHYeHHs BiJirpaBaB poiib TypOyJri3aTopa MOTOKY piJHU. TOMY TakHi iOHIT TOLUIIEHO
BUKOPHCTOBYBATH JIMILE SIK MO (iKaToOp MeMOpaH, OCKIJIBKH J10JjaBaHHs BUCOKOCEIICK-
TUBHOTO KPUCTAJIIYHOTO 10HITY 710 Moan(ikaTopy 3abe3rnedye celneKTHBHICTh MeMOpaHH
o Toro abo iHmoro iony [5]. Takum 4rMHOM MOKHA 3a0€3MCYUTH BUOIPKOBICTH 10HO-
0OMiHHIX MeMOpaH 110 i0HiB Li ",

1. Tpemsax M.A., Posxcoecmsenckasn JL.M., benaxoeé B.H. Heoprannieckue HOHOOOMEHHBIE MaTe-
pHabl HA OCHOBE THAPATHPOBAHHOTO JHOKCH/A THTAHA KAK MEPCIICKTUBHBIE HOHUTHI IS U3-
BJICYCHHUS HOHOB JTUTHSA // YKp. XuM. KypH. — 2013. — T. 79, Ne 3-4. — C. 15-21.

2. M.O. Chaban, L.M. Rozhdestvenska, A.V. Palchik et al. Influence of structural characteristics
on sorption properties of lithium-selective composite materials based on TiO, and MnO, //
Xumust, pusnka u TexHonorus noBepxaoctu. — 2014. — T.5, Ne 3. — C. 303-306.

3. Yypukos A.B., Cuiues B.O. Ompenenenne kodpduipieHta nuddy3nuu JIUTHAS B INIHHETIIX
LiMyMn,_ yO4 METOJIOM raJibBaHOCTATHYECKOTO MPEPHIBUCTOTO TUTPOBAHUS // DICKTPOXUMHUSI.
—2012. - T. 48, Ne 1. - C. 120-126

4. Belyakov V.N, Kazdobin K.A., Dzyazko Y.S. et al. Electrochemical stimulation of sorption
processes for admixtures removal from aqueous solutions // Ykp. xum. xypH. — 2001. — T. 67,
Ne 6-7. - C. 53-58.

5. Dzyazko Y.S., Rudenko A.S., Yukhin Y.M. et al. Modification of ceramic membranes with inor-
ganic sorbents. Application to electrodialytic recovery of Cr(VI) anions from multicomponent
solution // Desalination. — 2014. — Vol. 342. — P. 52-60.

Liudmyla Rozhdestvenska, Mary Chaban, Julia Dzyazko

ELECTRODEIONIZATION OF Li-CONTEINING SOLUTIONS WITH COMPOSITE TIO,-MnO,
ION-EXCHANGER

V.1. Vernadsky Institute of General and Inorganic Chemistry, Laboratory of Membrane and Sorption
Processes and Materials, Palladin Ave., 32/34, 03142 Kyiv, Ukraine, e-mail: ludar777@ukr.net

The selective composite ion exchanger based on manganese dioxide and titanium dioxide have been
investigated for lithium ions removal from solutions imitating seawater by electrodeionization technic. It is
shown that ion exchanger after saturation works as a flow turbulence promoter. Therefore, it could be rational
to use this material as a highly selective crystalline modifier of ion exchange membranes.

Key words: composite material, titanium dioxide, manganese dioxide, selectivity, electrodeionization
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It is well-known that bioavailability of various substances depends on their physico-
chemical forms. Consequently, modern environmental chemistry and toxicology focus
on the processes that control cycling of chemical elements in the environment which
change their speciation. The main processes that transform matter on molecular/global
scales (andi speciation) are adsorption, dissolution, precipitation, redox transformation,
complexation and (bio)degradation. In contrast to natural minerals, microorganisms
contribute to global cycles via all possible reactions. One of the pathways is a release of
organic substances which acts as chelating agents to metal cations. Heavy metals belong
to a particularly dangerous group of contaminants; once absorbed by living organisms
they are hardly eliminated via food chain unlike organic substances which are subjected
to biodegradation. For instance, metal cations sorbed to minerals or bio-precipitated be-
come immobilized and not bioavailable anymore. They also form coordination compo-
unds with organic ligands by which their bioavailability is reduced, while the so called
“free” (hydrated) ions are highly bioavailable and most toxic species of metals.

Overall goal of the project was to evaluate the role of sorption in Mn(Il) environ-
mental cycling influenced by microorganisms using a widely spread Gram-negative bac-
terium Shewanella putrefaciens [1]. One of the later-stage tasks within this goal was to
investigate whether the dissolved organic substances (released by viable S. putrefaciens)
form complex compounds with aqueous Mn*". Several experiments were conducted as
shown in Table 1. Some of the potential organic ligands released by metabolizing cells
of S. putrefaciens in adsorption batches in absence/presence of Mn”" were also measured,
see Fig. 1. Concentrations of the total proteins and carbohydrates were determined spec-
trophotometrically with a Bradford assay (using bovine serum albumin as a standard)
and the anthrone method (using glucose as a reference compound), respectively.

To define a degree of Mn(II) complexation in each sample, its concentration was me-
asured by the three methods: inductively coupled plasma optical emission spectrometry
(ICP-OES), spectrophotometrically (the formaldoxime colorimetric method) and voltam-
metrically. The first two analytical chemistry approaches determine the total concen-
tration of Mn(II); voltammetry defines only its “free” species which was not complexed
by organic ligands. Percentage of Mn(Il) organic complexes was calculated from the
difference between the total content of Mn(II) and concertation of its hydrated species,
Mn*". Polarographic Mn*" measurements in each sample was repeated at least five times.
A standard Metrohm polarographic cell assembly was used with a three-electrode system
(mercury drops, glassy carbon and Ag/AgCl reference electrode). The working electrode
was a normal dropping mercury capillary used at the same column height for all measu-
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rements. Differential pulse voltammetric measurements were carried out using a
Metrohm (Swiss made) 663 VA stand in combination with a tYAUTOLAB potentionstat/
galvanostat operated in hanging mercury drop electrode (HMDE) mode. A medium size
HMDE with a surface area of 1.7 mm” was employed. The potentials were attributed to
an Ag/AgCl reference electrode.

Table 1. Conditions of the sample preparation for determination of the ratio: “free” Mn**
concentration — Mn(II) complexed to dissolved organic substances released by viable
S. putrefaciens*. Contact time: 10 minutes and 24 hours.

Ta6auus 1. YMOBH IiArOTOBKY 3pa3KiB sk BU3HAUYSHHS CIiBBIJHOLICHHS: KOHIIEHTpALIis
«BinprEIX» Mn*" — Mn(I) 3aKOMIIIEKCOBAHMIT PO3UNHEHIMH OPraHIYHUMH PEUOBHHAMH, 1O OYITH
MPOAYKTaMH MeTaboIi3My XXUTTe30aTHOI S. putrefaciens*. Yac xoutakty da3: 10 xB ta 24 roz.

Experiment 1 Cells of S. putrefaciens + Mn>* + 0.IN NaCl (suspension)
Aqueous Mn®", mg/L 5.2 | 50.8 | 2341 [ 5083
S. putrefaciens, viable 2 grams of dry weight per litre (g4,/L)

Experiment 2 S. putrefaciens metabolites + Mn>* + 0.IN NaCl (dissolved)
Aqueous Mn® , mg/L 438 | 48.9 | 2421 | 4522

. . High density suspension of S. putrefaciens (13 g4,/L) was
Preparatfi(l)n of ligands incut%ated in 0}.]1N II\)IaCl for 5 dais. C{lls weré sepgarate)d using
(filtrate) membrane filter (0.45 pm pore size).
Total proteins, mg/L 375.0 I 375.0 [ 3750 [ 3750
Experiment 3 The same as Exp. 2 plus 82.2 mg/L of humic acids

*The characteristic chemical composition of S. putrefaciens metabolites are protein-like substances,
carbohydrates and fatty acids. Concentration of each group depends on the bacterial density, volume of
bacterial suspension, contact time, temperature, presence of a particular ions.

L A"‘ S. putrefaciens=2 g4, /L 5B S. putrefaciens=2 gg./L. 140, C Mn(I1);55,=82 mg/L
60 A = 40 , .
% o ﬁ s S. putrefaciens .
g RN =2 gy/L.
40 - s
5 E 25 I
E 30 - g 0 No -
\ g 15 Mn(ID) -
g l \ % 10 o A — " n n
B, —NeMm.s. putrétaetens o cells g
——Mu(I=125 mg/L + §. putrdfaciens 5 ‘ | e m
0 . —*=Mn(I-285 mg/L +S. putrdlaciens o | = Ma@)=285mg/L - . putrefaciens 01
01 2 3 4 5 6 7 8 9 01 2 3 4 5 6 7 8 910 3 days 25 min 60 min 3 12 Sdays
Contact time, days Contact time, days Contacttime ~ fours hours

Fig. 1. Typical concentrations of proteins (A), carbohydrates (B) and dissolved phosphorus (C)
released by S. putrefaciens under some experimental conditions [1].
Puc. 1. Tunosi koHIEHTpalii OiTKOBO-TIOAIOHNX peuoBrH (A), Byrnesoxis (B) Tta
pozurreHoro Gocdopy (C), BUAITICHUX KUTTE3AATHUMH KIITHHAME S. putrefaciens
3a IEBHUX E€KCIIEPUMEHTaIbHUX YMOB [1].

The samples were deoxygenated with high-purity argon for 10 min prior to each
measurement, and all experiments were performed under an argon atmosphere. When
the interference of oxygen was not prevented by single deoxygenation, the problem was
overcome by repeating the procedure. The polarograms/voltammograms of sample
solutions were recorded in a 50 mM borate buffer (pH=10) in which manganese gives a
well-defined polarographic wave/peak from -1.53 —-1.55 V. Measurements were carried



Cexkyis 2. Ximiuna enepeemuxa ma mexniyHa e1eKmpoximis 199

out at 5-50 ug Mn”"/L; it is one of Mn”" ranges in which the calibration was linear. Such
low Mn(II) concentration range was used for polarography measurements on purpose. It
is impossible to apply polarography to directly measure cations in multicomponent solu-
tions (such as natural waters) due to disturbing influence of other substances, especially
organic compounds. One of the easiest ways to overcome such issue is a dilution. If
strong dilution does not fix a problem (and organics continue participating in the reac-
tions on the electrode surface), then different approach shall be applied. For instance,
“free” ions might be separated first by electrodialysis and then measured.

It was concluded that under the chosen experimental conditions (see Table 1), no
complexation of Mn?" to dissolved organic substances was taken place. However, this
task was conducted at the project earlier stage when the authors did not yet discover an
importance of the contact time for the processes taking place at the interfaces with viable
cells which shall be extended over the traditional 2 hours-2 days. The optimized experi-
ments of Mn(II) sorption by viable S. putrefaciens conducted for >1 month allowed a
discovery of biomineralization processes [1] which can also influence speciation of the
chemical elements in adsorbate. The presence of the strongest complexing agent of natu-
ral waters, humic substances, added to the system: aqueous Mn*"+S. putrefaciens, decre-
ased the Mn”" removal potential of the living cells which shall, most probably, affect the
speciation of dissolved compounds. Interestingly that some other cations (with stronger
coordination abilities compared with Mn®") were bound to organic ligands under the
same experimental conditions as shown in Table 1. This work encourages a new studies
to be performed under a modified experimental conditions among which are the longer
contact time, varies metal cations and organic ligands, different temperatures and vo-
lumes of the experimental batches.

1. Chubar N., Visser T., Avramut C. et al. Sorption and precipitation of Mn>" by viable and
autoclaved Shewanella putrefaciens: Effect of contact time // Geochim. Cosmochim. Acta. —
2013. - Vol. 100. — P. 232-250.
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TMOJISIPOTPA®IYHE BUSHAYEHHSI HAUBLIBII BIOJOCTYITHUX ®OPM
BAXKKHUX METAJIIB Y 3PA3KAX HABKOJIMINHBOI'O CEPEJJOBHUILA

!Bioion nayx npo 3emmio, Ympexm ynisepcumem, 3584CD Ympexm, Hidepranou, (Hixmo 3 asmopie napasi ne
npuxpinienuti 0o yiei opeanizayii) e-mail: natalia.chubar@gmail.com

’Biooin knimunnoi ma ximiunoi 6ionoeii, Meouunuit yenmp ynisepcumemy Jlaiioen, 2300 RC Jlaiioen,
Hioepnanou

3araJbHOBIZIOMO, IO OIOZOCTYNHICTH BOXKKHX METAJIB 3aJIEXKHUTH BiJ (opM X iCHyBaHHS y HaBKOJIHII-
HbOMY CEPE/IOBHILII, IO KOHTPOJIIOETHCS ACKIIbKOMA PEaKLisiMHU, Cepesl SIKUX € COPOLIis 1 KOMITIEKCOTBOPEHHSL.
L% [OMOBiAs TOpKAEThCS 000X IHX mpoueciB. A came, BuBUaoul copOuiio Mn® UBMMH KIITHHAME TpaM-
HeraTuBHUX Oaxrepiit Shewanella putrefaciens 6yno Tako IepeBipeHO UM PO3UUHEHI IPOAYKTH METabOIi3My
IMX MiKpOOPraHi3MiB 3B’S3y10Th KaTionn Mn>" B KOMIUIEKCH K IiJl Yac BUKOHAHHS COpOLIHHMX J0CIiIiB, TaK
i momepeHbO BiIieH] Bix KiiTHH. J{is BuMiproBaHHs HaiOuibm TokcuuHuX Gopm Mn(1l), «BuIbHHX» 10HIB,
Oyno BukopucTaHo mossporpadiro. Yactky 3akommiexcoBanoro Mn(1l) 3 opraniuanm sirangamMu BU3HAYaIH
3a Pi3HULEI0 MIXK HOro 3arajibHUM BMICTOM Ta KOHIIEHTPALIEO T1IpaTOBAaHNUX KaTiOHIB Mn?",

Kniouosi cnosa: «BinbHI» ab0 TigpaTroBaHi 10HM BaXKUX MeTaiiB, nossiporpadis, Mn(Il), npoaykru
MeTaboli3My MiKpoopraHismiB, Shewanella putrefaciens, copOLisi, KOMIIEKCOTBOPEHHS, 010J0CTYIHICTh
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Electrochemical energy systems are widely used in smart grids, energy storage sup-
plies, electric vehicles, etc. There are numerous types of electrochemical energy systems
including various kinds of batteries and supercapacitors, and lithium-ion batteries (LIBs)
are the champions from the point of view of specific energy. This energy is very high,
being commensurable with that of classical high energy materials, i.e. explosives. Curi-
ously, all electrode materials follow a definition, according to which high energy mate-
rials are those having high specific energy utilizable in a red-ox reaction requiring no
presence of a gaseous oxidant.

However, from the point of view of specific power, LIBs fall behind supercapacitors.
Some technical solutions have been proposed combining LIBs and supercapacitors in the
so-called hybrids. On the other hand, potentialities of electrode materials for LIBs are
not explicitly exploited yet, and numerous efforts are being undertaken so as to increase
the power limits of common electrode materials. It is considered that obtaining electrode
materials in a nanosized form could solve this problem, since the smaller the particles,
the better their contact with an electrolyte and the shorter the diffusion path for lithium
ions in them. In plane words, specific energy determines of how far we can drive, and
specific power describes of how easily and fast we can start. This clarifies the signifi-
cance of specific power in modern battery research, development and applications.

In 2017, the battery industry has celebrated the 25™ anniversary of the introduction of
the lithium ion rechargeable battery by Sony. In this presentation, I will try to make an
overview of the state-of-the-art in the field of two major components of a LIB, namely,
electrode materials and electrolytes, with special reference to the works performed in
Joint Department of Electrochemical Energy Systems, Ukrainian National Academy of
Sciences. A short list of some selected publications on the subject is given below [1-5].

In spite of the fact that the studies of electrode materials are increasing day by day,
the number of materials currently employed in the battery industry is quite limited. Gra-
phites are almost exclusively used as anodes, and LisTisOy; is their only rival, which ser-
ves in the so-called Toshiba’s SCiBs™ (Super Charge ion Batteries) powering, e.g., the
Honda Fit electric vehicle. The list of cathode materials includes one of the oldest and
the most widely used layered lithium cobalt oxide LiCoO, and its more environmentally
friendly competitors, like Li(Ni,MnyCo,)O, and Li(NiCo,Al,)O,, tWwo manganese spi-
nels, LiMn,O4 and LiNiysMn; 504, and lithium ferrous phosphate LiFePO,. Analysis re-
veals that, first of all, the center of materials production is now shifted to the Eastern
hemisphere, and major market moves are caused by Chinese players. Furthermore, al-
most all cathode and anode materials are produced by means of traditional technologies
(sintering and precipitation), thousands papers describing their nanovarieties are of mere
academic interest, and expectations for a revolutionary role of nanoapproaches are far
from being incarnate.
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Our works in the field of electrode materials for LIBs touch upon the so-called citric
acid aided synthesis, which has been modified so as to fulfill the demands of obtaining
nanosized materials, see [1] and references therein. In some cases, it has been interesting
to synthesize various nanostructured varieties, like nano-leaves, -belts, -spheres, etc., and
to compare their behavior with that of simple nanocrystals. Our practice shows that
really, nanocrystalline materials overcome existing commercial analogues, especially in
the case of surface modified samples [2,3]. They are able to be discharged with currents
of around 45 A-g" and hence are commensurable with those produced by SAFT, an
exclusive contractor of US Army, Air Force and Navy (Fig. 1).
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Fig. 1. Specific capacity — specific power relation for batteries and supercapacitors.
Points — literature data, stars — our data. Diagonal lines correspond to charge/discharge times.
Thick diagonal line represents the charge/discharge time limit for nanomaterials.
Puc. 1. CiBBiIHOIICHHS MiX TUTOMOIO EMHICTIO Ta TUTOMOFO MOTYXKHICTIO I OaTapeit Ta
CynepKoHJeHcaTopiB. TOUKM — JIiTepaTypHi AaHi, 3ipouky — Hai qaHi. JliaroHanbHi JiHIT
BIATIOBINAIOTH Yacy 3apsKeHHs / po3psmkeHHs. ToBCTa iaroHa bHa JIiHIS Ja€ MeXy Jacy
3apsiIPKEHHst / pO3PSPKEHHS 1JIsl HAaHOMAaTepialiB.

In the field of electrolytes for LIBs, much work has been done so as to understand
solvation and association equilibria in lithium salt solutions [4]. An unexpected conclu-
sion has been drawn regarding solvent separated ion pairs as major charge carriers in
concentrated solutions. Charge transfer in this case is performed by means of the rota-
tion-relaxation mechanism. This possibility has been predicted by Fuoss in 1972; we ha-
ve been the first to prove this suggestion. Further, we have found that there are electro-
lytes with instant and long-living solvation environments. This enables one to properly
select solvents for electrolytic solutions: Electrolytes with instant solvation spheres are
preferable, since in this case, no energy losses for cation desolvation before intercalation
is required. Finally, dynamic criteria have been elaborated, so as to discern between
solvent separated and contact ion pairs in solutions. Now our efforts are directed towards
the use of discrete mathematics, specifically, mathematical logics and sets theory for the
description of the composition of solvates and ion pairs.

So, based on our synthetic method we can obtain electrode materials for high-rate
LIBs and understand of what electrolytes better serve the needs of battery industry. What
follows from this notions, and what should be further steps towards creation of novel,
more effective LIBs?
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In our opinion, there are at least two problems to be solved for electrode nanomate-
rials. As follows from our comparative studies of microsized and nanosized spinels, the
latter demonstrate high reaction ability and, unlike their bulk counterparts, do not
tolerate even small overdischarges possibly occurring in cases if a failure happens in a
battery equalizing control scheme [5].

Another, even more serious and unexpected problem touches upon the very principle
of nanoscience, as applied to LIBs materials. It has been noticed in our works and in
literature sources summarized in our review [2] that nanodimensionality is not a prerequ-
isite of the high-rate properties of electrode materials. Numerous examples exist when
microsized samples demonstrate better electrochemical behavior than their nanosized
analogues. Analysis shows that a key role in attaining high-rate properties plays the
perfectness of materials obtained. Based on Frenkel’s diffusion theory we have shown
that for perfect crystals of 100 nm size, the diffusion time equals to 0.2 s (Fig. 1). This
means that charge/discharge current for such materials can arrive at 600 A-g™'. Achie-
ving this goal should be the immediate task of LIB materials science.

1. Romanova 1., Kirillov S. Preparation of Cu, Ni, and Co oxides by a citric acid aided route: ef-
fect of metal ions on thermal decomposition and morphology // J. Therm. Anal. Calorimetry. —
2018.—Vol. 132, Is. 1. - P. 503-512.

2. Potapenko A.V., Kirillov S.A. Lithium manganese spinel materials for high-rate electroche-
mical applications // J. Energy Chem. — 2014. — Vol. 23, Is. 5. — P. 543-558.

3. Potapenko A.V., Kirillov S.A. Enhancing high-rate electrochemical properties of LiMn,0O4 in a
LiMn,0,/LiNiy sMn, 504 core/shell composite // Electrochim. Acta. - 2017. - Vol. 248, Is.1. —
P.9-19.

4. Gorobets M.1, Kirillov S.A. Speciation in solutions of lithium salts in dimethyl sulfoxide,
propylene carbonate, and dimethyl carbonate from Raman data: A minireview // J. Spectro-
scopy. - 2016. - Article ID 6978560, doi: 10.1155/2016/6978560.

5. Kosilov V.V., Potapenko A.V., Kirillov S.A. Effect of overdischarge (overlithiation) on electro-
chemical properties of LiMn,O, samples of different origin // J. Solid State Electro-
chem. - 2017. - Vol. 21, Is. 11. — P. 3269-3278.
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Cepen pi3HOMAaHITTS CIIONYK OpPraHivyHOi XiMii OapBHUKH BUAUISIOTHCS IHTCHCHBHUM
MOTJIMHAHHAM BHIUMOTO CBiTIIa. OCOOIMBOI yBaru 3aciIyroBYIOTH ITOJIIMETHHOBI OapB-
nuku (I15), K TIOTYXHi MepeTBOPIOBAYi CBITIOBOT eHeprii. IX mocmimkyroTh 3 TOuKH 30-
Py MoJieni BUBYCHHS B3a€MO3B 3Ky MK OyJOBOIO MOJEKYIN i 3a0apBICHHSAM CIIOIYKH.
Kpim Toro, I1b 0co06nuBo LiHHI MPAaKTHYHUM 3HAYESHHSM, HAIPHUKJIAL, 31aTHICTIO MPOSIB-
nsaTu cebe sk OapBHUKH-ceHcuOUTizaTopu [1]. bapBHUKM 3 CEHCHOLTI3yIOYMMU BIIACTH-
BOCTSIMH 3HAMIIUIM 3aCTOCYBaHHs y (hOoTOKaTasi3i, 30KpeMa JJisi CTBOPEHHS (OTO KaTai-
TUYHHUX CUCTEM 3 PO3IMIMPEHHM /1ialla30HOM CBITJIOYYTIHBOCTI.

VY naniif po6OTI MOAHO PE3yIbTATH JOCITIPKEHHSI CHEKTPAJIbHUX, EIEKTPOXIMIYHUX
Ta CHEPreTHYHHUX XapaKTePUCTHK CUMETpUYHUX KaTioHHUX I1b 1-3 3 MeTo10 3’scyBaHHS
MOXJIMBOCTI BUKOPHCTaHHS iX sK edexktuBHuX cencuOimizaropiB TiO, Ta onepskaHHs
e(eKTHBHHX PEJIOKC-CHCTEM NEPETBOPEHHS i aKyMyJIIOBAaHHS €HEPTrii COHIYHOTO BHIIPO-
MIHIOBaHHS.

A D (Ll (P
N N N N +’<‘ N

BF, CH,CgH, CH,CeHs BF, CHCeMs CHCefs (‘)HCH ¢ éHzCsH5

b1 B2 B3

Pepokc-noTeHIiany A0CiKyBaHUX OapBHHUKIB-CEHCHO1II3aTOPIB BU3HAYAIN METO-
JIOM LUKJIIYHOT BOJBT-aMIEpOMETPii, BAKOPUCTOBYIOUM BoibTamnepmerp BAS 100B/W
Electrochemical Workstation 31 cTaHAapTHOIO TPUEIECKTPOTHOK KOMIPKOIO 3TiTHO 3 Me-
ToauKOIO [2]. LIMKIIiYHI BOJBT-aMIIeporpaMy PeECTpYBaJIH 31 IIBUIKICTIO PO3TOPTKH TO-
tenuianis — 100 MB-¢™ (puc. 1). Jlns nepeBipku 3B0pPOTHOCTI PEIOKC-TPOLECIB MK UHi
BOJIETAMIIEPOTpaMH 3HIMAIX TPH MIBUIKOCTAX PO3ropTKH moreHmiamy 20, 100, 500,
1000 MB-c™', Takox BHKOPHCTOBYBANM Pe3yNbTaTH, OTPHMAHI 3 MPOTPAMHOTO 3abe3mne-
4YeHHs (HamiBaudepeHiatbHa JeKOHBOIIOII).

[Ipencrasneni Ha puc. 1 MHUKITIYHI BONBT-aMIIEPHI KPHBI BiTOOpaXkaroTh 4iTKi Mpo-
L[ECH OKHMCHEHHS Ta BiAHOBJICHHS IJIS JOCTIKyBaHMX OapBHHUKIB. AHami3 iX TOKa3ye,
IO OTPUMaHi 3 IMKIIYHUX BOJBT-aMIECPHUX KPHBHUX PE3YJIbTaTH MOXKHA BHKOPHCTO-
BYBATH JUIsl pO3paxyHKy MOTEHI[iaJiB OKHCHEHHs Ta BinHOBIeHHs [15.
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Puc. 1. I{ukmnivHi BOIBT-aMIEPHI KPUBI eIEKTPOIHMX IporieciB 3a yuacTio 15 1-3

Fig. 1. Cyclic voltammetry curves for electrode processes involving PD 1-3

31 CHeKTpalbHUX Ta ENEKTPOXIMIYHUX JaHUX MPOBEJICHO BH3HAYCHHs EHepril me-
pexony eJeKTpoHa OapBHHKA 3 OCHOBHOI'O y 30y/KeHMIA cTaH (Tabn. 1). YcraHOBICHO,
[0 PI3HHUI MK €HEPrie0 MOTJIMHAHHS CBITJIA Ta MOTEHIlIAJIAMH BiTHOBJICHHS i OKHC-
HEeHHS1 — He3Ha4yHa, 110 CBIAYUTH IPO MOKJIMBICTH BUKOPUCTAHHS 3allPONIOHOBAHHUX Me-
TOJIIB JUISl 3HAXOKEHHS €HEPIeTHYHNX BEJINYNH.

Ha ocHOBi BUMIpSHUX TOTCHIIATIB OKUCHCHHS Ta BIJHOBJICHHS IOJIIMETHHOBHX
GapBHuKiB po3paxosano ereprii HOMO i LUMO Tta moOynoBaHO eHepreTHyHi JiarpamMmu
po3TalryBaHHS IX €HEPreTUYHHX PIBHIB BIIHOCHO ENEKTPO(I3UIHMUX XapaKTEPUCTHK
TiO, (puc. 2). IlokazaHo, MmO 31 3pOCTaHHSAM IOBKWHH IOJIIMETHHOBOTO JIAHITIOTa Ha
OJIHYy BiHIJIGHOBY TPYITy 3MEHIIYEThCS CHEpPreTHYHA IIIJIMHA 1, BIATIOBIAHO, €HEPTis, IKa
HeoOXigHa 7S epexoay MOJEKYJIH 3 OCHOBHOTO y 30y/DKEeHHIl cTaH. AHali3 eHepre-
THYHOI JiarpaMu IMOKa3aB, IO MOTCHINAANM OKMCHEHHsS MOjekyn b1-B3 y enekTpoHHO
30ymKeHoMy cTaHi (eHepreTnunuii piBenb LUMO) po3TamioBaHi BHIIe, HiXX TOTEHIIA
3o mposigHocti Ti0,. OTke, mpolecH IHXEKIIl eJIeKTPOHIB y 30HY HPOBIJHOCTI
HaIBIIPOBITHUKA — TEPMOJIUHAMIYHO J03BOJIEHI, IO 3a0e3Medyye MOKIMBICTH HOTO
ceHcuOLTI3aNil 1oCiKyBaHUMU OapBHUKAMH.

Ta6auns 1. CekTpaibHi i enekTpoxiMidHi pe3yiapTaTa (penokc-noreHuiany misxsmwii) [16 1-3

Table 1. Spectral and electrochemical parameters (half-wave redox potentials) for the dyes D1-D3

CriexTpasipHi Enexrpoximiuni Eneprii HOMO PizHuns
G naui aHi i LUMO, eB eHeprii E,,
Xmax, Ehw on | Ercd E E AE: cB
HM eB BIZJTHOCHO C.B.€. HOMO LUMO eB
1 766 1,62 0,985 -0,397 -5,40 -3,85 0,24 1,55
2 876 1,42 0,730 -0,366 -5,14 -3,79 0,32 1,35
3 993 1,25 0,588 -0,316 -5,01 -3,79 0,35 1,22

*[Ipumitka: A — MaKCUMyM CMYTH NOTJIMHaHHS, En, — mmpuHa 3a00poHEHOT 30HH, pO3paxoBaHa 3i CIeK-
TPaJIbHUX XapaKTEPUCTHK, Eox 1 Erq — MOTEHIIaIM OKUCHEHHS Ta BiTHOBJICHHS, PO3paxoBaHi BiJHOCHO C.B.C.,
AFE — pi3HuIs Mixk eHeprieto nornuHanHs cBitia (1240/hv) Ta noreHianaMu OKUCHEHHs i BilHOBIICHHS, E, —
mMpruHa 3200POHEHOT 30HH, PO3PAX0OBAHA 3 EIEKTPOXIMIYHUX JAHUX
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Puc. 2. [liarpama posranryBanus eneprernanux pisaiB HOMO i LUMO b1-B3 ta TiO,
Fig. 2. HOMO and LUMO energy levels disposition for D1-D3 dyes and TiO,

Brepmie mist cencu6inizaunii TiO, 3actocoBano cumerpuuHi kationsi [1b # ozxep-
JKaHO CIIEKTPAalIbHi, CIEKTPOXiMiuHI W CHEepPreTHYHi MOKa3HUKHU MOTCHIIIHUX CeHCHOi-
nizaropiB. OTpHUMaHO BOJBT-aMIICPHI XapaKTEPUCTUKH NOociiKkyBanux I1B6, BU3HAUCHO
o0xacTi X CBITIIOUYTIMBOCTI Ta PEIOKC-TIOTEHIIANN Y 30yPKEHOMY CTaHi.

1. Kobasa .M., Gusyak N.B., Odosiy L.I. Titanium dioxide sensitization with a biscyanine dye in
the photocatalytic reduction of methylene blue // Kinetics and Catalysis. — 2015. — Vol. 56,
Is.2. - P. 166-171.

2. Nataliia B. Husiak, Igor M. Kobasa, Stefan S. Kurek. New dyes for dye-sensitised solar cells

and photocatalysis. Verifying thermodynamic requirements for electron transfer // Funct. Ma-
ter. Lett. — 2014. — Vol. 7, Is. 3. — P. 1450030-1-1450030-4.

Thor Kobasa', Oxana Sema’, Lubomyra Odosiy’, Yulia Kropelnytska®

ELECTROCHEMICAL AND ENERGY CHARACTERISTICS OF SOME CATIONIC
POLYMETHINE DYES-SENSITIZERS

"Yu. Fedkovych National University of Chernivtsi, Department of Chemical Analysis, Food Safety and Testing,
Kotsyubynsky St., 2, 58012 Chernivtsi, Ukraine, e-mail: 1. Kobasa@chnu.edu.ua
’Hetman Petro Sahaidachnyi National Army Academy, Department of Electromechanics and Electronics
Heroes of Maidan st., 32, 79012 Lviv, Ukraine
’Bucovina State Medical University, Theatre Sq., 2, 58002, Chernivtsi Ukraine

A character of influence of structural composition on the spectral, electrochemical and energy parameters
of some polymethine dyes has been determined. Potentials of oxidation and reduction were measured for the
dyes using cyclic voltammetry and then the experimental data were used to calculate HOMO and LUMO
energy levels followed by evaluation of possible utilization of the dyes as TiO, sensitizers to construct highly
effective redox-systems. A dependence of these parameters on length of the polymethine chain has been found
and it was shown that increase in the chain length results in decreased losses of energy generated at excitation
of the electrons. This effect is caused by better distribution of the energy among greater number of n-bonds
leading to more complete utilization of the light quanta energy.

Key words: polimethine dye, sensitizing, heterostructure, electrochemical and energy characteristics
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JliTili-ioHHI aKyMYJISITOpH € HalOUIbII MEePEeJJOBUM TUIIOM aKyMYJISITODIB, SIKI BHKO-
PHCTOBYIOTHCSI B MOOLTBHUX Tese(oHax, HOYTOyKax Ta IHIIMX ITOPTATUBHUX EJIEKTPOH-
HUX IPUCTPOSX, a TAKOXK y MEIUYHOMY oONajHaHHI Ta 00’€KTaX BHBYEHHS KOCMOCY.
HenomnikoM akymyJisiTOpiB, ¥ SIKHX BUKOPHCTOBYETHCS PIJKHH allpOTOHHUI OpraHiuHUNA
€JIEKTPOJIIT, € MOXIIMBE IIPOPOCTaHHS JCHAPHTIB BiJ KaTOAy A0 aHOMIY, IO MPU3BOIUTH
JI0 TIOBHOI 3yNMHKHM aKyMYyJIsITOpa, sIKMi crae HeOesrneunuM. llle omHuM HemomikoMm €
oOMe)keHu#l iHTepBan poOOYMX TeMmepaTyp. AJIBTEPHATHBOIO € JITiIE€BI TBEPHOTLIBHI
akymyuiaropu [1].

Hepmomixu icHYIOYMX TBEPIOTUIFHHUX JITIEBUX aKyMyJIATOPIiB HAWYACTIIIE 3yMOBIICHI
HU3BKHMH TIPOBIHOCTAMHU TBEpAOro enexrpoiiry (10°-107 Om 'em™), um ximignoMO
a00 eJEeKTPOXIMIYHOIO HEeCTaOITBHICTEIO TBEPAOTO EIEKTPONITY B KOHTAKTI 3 JIITIEBHM
aHOJOM. 3aBISIKM CBOIM XapaKTEPHUCTHKAM 3apa3 aKTHBHO JOCIHIIKYIOTBCSA ABI TPyIH
MmarepianiB: cynbdigHi uM okcucynbdinHi crexna (Hanpuknanm, LipS-SiS,-LigSiOy,
Li;(GeP,S1,5, 70Li,S-30P,Ss) Ta okcuaHi Marepianu. TBepai €ICKTPOJITH HAa OCHOBI
cyb(diaiB MOKa3yOTh BUCOKY TPOBIIHICTD MICJIsl MPECYBaHHS MOPOIIKIB 0€3 MoJaIbIIo]
TepMiuHOi 00poOKH. OyHaK TX HEJOJIKOM € BUCOKA peakliiiHa 34aTHICTh 3 BOJOIO, IO
ICTOTHO YCKJIQIHIOE POOOTY 3 HUMH. 3HAYHO Kpallly cTaOUIBHICTh Y BOJIOTIH Ta MOBITPsI-
Hill aTMocdepi AeMOHCTPYIOTh TBEP/Ii €JIEKTPONIITH Ha OCHOBI KPUCTAJIIYHUX OKCHIHUX
cucreM. [lepcneKTHBHUMH [UISl TPAKTUYHOTO BUKOPHCTAHHS € YOTHPH KJIACH OKCHIHUX
MaTepialliB — TUTAHATH JaHTaHY-JITit0 Liz a3, TiO; 31 cTpyKTyporo mepoBChKUTy [2],
¢docdarn turany-amominito-nitiro (Lij 3Aly3Ti; 7(PO4);) 31 crpykryporo NASICON [3],
okcuHiTpHI Pocdaty mitito LiPON [4] ta mmpkonatu maHatHy-miti0 (LisLazZr,0,,) 3i
CTpyKTypoto rpaHary [5]. @ocdar Tutany-amomigito-mitito (Li;3Alp5Ti; 7(POs);) (LATP)
31 crpykTypoto NASICON € TBepauM eJIeKTPOIITOM, SIKHH ITOKa3ye ONHY 3 HAHBHUIINX
MPOBIAHOCTEH MO HOHaX JTiI0 MPH KIMHATHINA TemmepaTypi (~107-10"° Om'em™).
Cunte3 LATP B 0CHOBHOMY 3IIHCHIOETECSI METOIOM TBEpIO(a3HUX peakiiii abo x JInT-
TAM 3 po3ruiasiB [3,6]. [lani MeToau CHHTE3y BUMAraroTh JOCHUTHh BHCOKHX TEMIIEPaTyp
(Bim 1200 mo 1450°C), mio NpU3BOAMTH O 3HAYHUX BTpAT JITilO, a Lie, B CBOIO Yepry,
HEeraTWBHO BIUIMBAE Ha 10HHY MPOBIAHICTb. KpiM TOro, mpu HbOMY OAEPKYIOTh YaCTHH-
K{ BEIMKUX PO3MIpiB Ta HeonHO(pa3sHUH MPOAYKT (Uepe3 HasBHICTh NOAATKOBUX (a3
TiO, i AIPO,) [3]. EdbexTUBHIM METOOM Il CHHTE3y 0araTOKOMIIOHCHTHUX OKCHUIHUX
MarepiaiiB NPH HU3BKHUX TEMIEpaTypax € 30Jb-TeJlb METO/. 30JIb-TeJb METOJ| J03BOJISIE
OTpUMYBaTH ClIa0KOarjJoMepoBaHi KpHCTalliuHi HAHOYACTKH, TOMOT€HI3yBaTH CyMilll Ha
MOJICKYJIIPHOMY PiBHI 1 3HHU3UTH TEeMIIEPaTypH CHHTE3Y JiTidnpoBiaauX da3. TpymHoIi,
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0 BUHUKAIOTH MpH 307b-renib cuHTe3l LATP, moB’s3aHi 3 HU3bKOI0 PO3YUHHICTIO (oc-
¢daTiB y COUPTOBUX PO3YMHAX | YTBOPCHHSAM MPOAYKTIB TiApPOIi3y ATKOKCHAIB THTaHY B
npucytHocTi Boan. [Ipote BukopuctaHHsS mMerony llewini manms mpurotyBanHs LATP 3
BUKOPHCTaHHSIM HETOKCHYHUX pEarcHTiB, a caMe: BOJHHMX PO3YMHIB COJICH HITpaTiB
JITIIO Ta AMFOMIHIIO 1a€ 3MOTY YHUKHYTH X TPYAHOIIIB.

Ilapysari oxcuau LiNij,Co,MnyO, 3aBaSKH CBOIM XOPOIIMMHM €JIEKTPOXiMIYHMMH
MOKa3HUKAMU Ta BHCOKIiM Oe3meni Oynu BH3HAYEHI SIK OJJMH HAWIEPCIEKTUBHILIMX Ka-
TOAHMX MaTepialiB B JiTieBHX akyMmymaTopax [7]. LiNij4.,CoMnyO, Mae Kkpamry LHUK-
npoBaHiCTh, HK LiCoO,, OUIBII BUCOKY MUTOMY €MHICTh, HIX LiNiO,, i OUIbII BUCOKY
Oe3neky Ta MeHIIy BapTicTh, Hix LiMnO,.

Hanomopomok LATP 6y npurotosnenuii meronom Iledini. J[ist mporo sk BUXimHI
peareHTH BUKOPHCTOBYBAJIM BOJAHI PO3YMHU coiiei HiTpatiB niTito LiNO; Ta amominiro
AI(NO3);, muanermnaneronarauizonponinar (IV) turany Ci¢Hps06Ti, opTodochopry
kucioty 85% H;PO,4, mumonny kucnoty CqHgO; ta etmnenrmikons C,HO,. Beranos-
neHo, mo cTpykTypa NASICON kpucranizyerscs B onHy ctanito npu 700°C B pom6o-
enpuuHy cucTeMy (mpocTopoBa Tpyma R3c) 3 mapamerpamm rpatkm a = 8.5098(1) A,
c=20.8306(4) A.

Otpumani gactku 3 po3Mmipamu 10-50 HEM Oynm BUKOPUCTaHI A OTPUMaHHS Kepa-
MikH 31 minbHicTIO 91-93%. MiKpOCTPYKTYpPHI AOCIIKEHHs OKa3alu, 0 KepaMika Ha
ocHoBi HaHouacTok LATP ckianaerbes 3 3epeH, siKi 3HAXOJSTHCS B IIUPOKOMY Aiamna-
30HI po3mipiB (SMkM < d < 20MKM), a Takox Ckiodasu. JoCTiKEHHS MPOBIAHOCTI
T0Ka3aJ10, 10 MPH KIMHATHi# TeMmepaTypi 3arambHa mpoBiaHicTs 6 = 5-107° OM "cm™!
(me 3,64:10° Om'eMm™ (mpoBinnicTs rpanmme 3epen), 1,74:107 Om"em™' (ckmodaza)
12 4,12:107 OM "M (06°eM 3epen)).

Bigomo, 1o rpaHuls TBEpAMH €IEKTPONIT/KATol MOXKE MaTd BHCOKHMH omip. s
3MEHIIECHHS LIbOT0 ONopy OYJI0 BHPIIIEHO BUKOPHCTOBYBATH KOMITO3MTHHH KaTOIHHN
MaTtepian Ha ocHOBI LiNiysCog,Mny30, (NCM) 3 nonaBanusm LATP. Byno BcraHoBtO-
HO, 110 ONTHMaNbHOIO € nobaBka 1mac% LATP. Katognuit komno3utHuil Martepian Ha
ocHoBi NCM+LATP 36epirae BUCOKYy MUTOMY €MHICTh HaBiTh micis 100 mukiiB 3apsn-
pospsin. Kommosuthuii katoguuit Mmatepian Ha ocHoBi NCM-LATP nemonctpye He3Hau-
HE MaJiHAA €MHOCTI HaBiTh mmicisa 100 mukiiB 3apsa-pospsan (~ 10%), B Toit gac sk ma-
IiHHS €MHOCTI B 9MCTOMY KaTogHOMYy Matepiaii NCM 6e3 mo6aBok ctaHOBUTH ~ 30%.

[Tpupona maniHHA €MHOCTI Karoja MONATae B HACTYMHOMY — IiJ 4Yac IMKIyBaHHS
KaTOMHUI MaTepial MpH BUCOKHX IMOTEHIliamaxX B3aemogmie 3 enektpoiitoM, [IB/ID Ta
AIIOMIHIEBUM CTPYMOBIZJBOAOM, IO IPU3BOANTH JO YTBOPEHHS PO3YMHHUX CIIOMYK KO-
GampTy Ta Mapradito. Llei mporec pyifHye CTpyKTypy KaTOJHOTO MaTepiany, a TaKoxX
po3unHi crionyku € HebesnmeuHumu [t aHona. [lokpurts moBepxai NMC mapom LATP
nokpaiiye enekrpoximiuny noseninky NMC, a came 3HMKYy€e BTpaTy eMHOCTI Ha 100-my
mukt 10 18%, B Toi yac sik BTpaTta eMHOCTI HeoOpoOseHoro 3pasky NMC B aHao-
riYHUX YMOBax J0piBHIOE 36%. TakuM YNHOM, HAaHECEHHS TBEPJOTUILHOTO EIEKTPOIITY
(LATP) na kaTomHuil MaTepiajl MOXXE CYTTEBO MOKPALIUTH CTAOIIBHICTD ENEKTPUYHHX
XapaKTEePUCTUK JITIH-IOHHUX aKyMYJISATOPIB NPH TPUBAJIOMY IMKIYBaHHI 1 30UIbIINTH
KaJIeH/IapHUH CTPOK HOT0 Ciry>K0u.

B poboti gocmimkeHuil 1ab0paTOpHUII MPOTOTHUI TBEPAOTUIFHOTO aKyMyJsiTopa 3
enektpoiitoM Ha ocHOBI LATP ta xommosutHuM katomoM Ha ocHOBI NCM+LATP i
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METaJeBUM JIiTieBUM aHojoM. OTpuMaHi pe3ysbTaTd BKa3ylOTh Ha CTaOUIbHICTD €JIeK-
TPUYHHX XaPaKTEPUCTHK PO3POOICHUX TBEPAOTUIBPHIX aKyMYJIATOPIB ITPU LUKITYBaHHi.
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In this work pellets of titanium-aluminum-lithium phosphate (Li; 3Al3Ti; 7(PO4);) (LATP) with a NASICON
structure have been used as the solid electrolyte. The composite cathodes base on LiNiysCo0y>Mny30, (NCM)
and nanoparticles of LATP have been obtained and their electrochemical properties have been investigated. It
was determined that the composite cathode based on NCM-LATP shows a slight decreasing of capacity even
after 100 charge-discharge cycles (~ 10%), comparatively with a pure cathode material (NCM) without
additives (~ 30%).The laboratory prototype of a solid-state battery with oxide electrolyte LATP, composite
cathode based on NCM-LATR and metal lithium anode has been developed. The obtained results show the
stability of the electrical characteristics of the developed solid-state batteries during cycling.

Key words: solid-state battery; Li-conducting materials, oxide electrolytes
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EJEKTPOXIMIYHA MMOBEJAIHKA OKCHUJIY MOJIIBJIEHY TA HOI'O
CIIOJIYK B KAPBAMIJTHUX PO3NJIABAX

Inemumym 3azanvhoi ma neopeaniunoi ximii im. B.1. Bepnaocvkoeo HAH Yxpainu,
np. Ilanadina 32/34, 03142 Kuis, Ykpaina, e-mail: devyatkin@yahoo.com

Kap6aminni po3ruiaBi 3HaHILIN 3aCTOCYBAHHS SIK €JIEKTPOJITH AJIs €JeKTPOXIMI4HOT
00poOku MetaniB [1]. YV maniif poboti Oyae AOCTIIKEHO MOXKIIUBICTH ENEKTPOXIMIYHOTO
0CaJKEHHS TYTOIUIABKUX METAJIB HAa MPUKJIAli MOJIOICHY.

Po3unHHICT 1 enekTpoxiMiuHy moBemiHky MoOs, Li,MoO,, Na,MoO,, K;MoO, ta
CaMoO, nmocmimpkyBann B KapbaminHuX posmiaBax npu temrepatypi 135°C. Enexrpo-
XIMI9HI €KCIIEpUMEHTH NPOBOJMIM B KBapLOBi koMipui nmpu temneparypi 135°C. Bei
COJTi, SIKi BHKOPHCTOBYBAIU JJISL TOCIIKEHB, OYJIM MapKH X.4.

BospraMnepHi JOCTIKEHHS TPOBOJWIM B CKJIOBYIJICLICBOMY THIJI, SIKHH CITyTyBaB
JOIIOMI>KHUM €JIEKTPOAOM. SIK poOOUMii eJIeKTPOA BUKOPHCTOBYBAIH CTEPIKEHb 3 CKIIO-
Byriemo (S = 0.4—0.6 cM), 5K eIeKTPO MOPIiBHAHHS — cpiOHuiT enekTpox — Ag/AgNO;
(0.1 Bar.%). 3iioMKy BOJbTaMIIepOrpaM MHPOBOAWIN 3a JOIMOMOIOI0 IOTEHIIOCTaTy
Elektroflex EF453 (Yropuriaa).

[Ipu mpoBemeHHi enekTposizy KaTogamu OynH HikeneBi miacTuHH. Sk aHOXm 1
€MHOCTI JUIsl PO3IIaBy BUKOPHUCTOBYBAJIM CKJIOBYIJeLeBuil Turens. KaTonuuit npogykr
aHaji3yBanum Merojgamu enekTpoHHol Mikpockomii (JEM-2100F SE, JEOL, Smowis) i
pentrerodasoporo ananizy (JJPOH-3 m).

CaMoO, cnabo po3unHsIETbCS B KapOaMiZHOMY PO3IUIaBi, TOMYy Ha BOJbTaMIIEPHUX
KPUBUX HE CIOCTepiraeTbcs po3psn momibaeny. Po3umunicts Li,MoO, Na,MoO,,
K;Mo0,, MoO; B kapbamiguux posruiaBax npu temrepatypi 135°C nocsrae 5 mac.%,
1110 JO3BOJISIE IPOBOJIUTH BOJIBTAMIIEPHI TOCHIPKCHHS Ta €KCIIEPUMEHTH 3 €JICKTPOIII3Y.

TunoBy LUMKIIYHY BOJbTamIleporpamy Uit KapOamiJHOTO pPO3IUIaBy, IO MICTHTBH
CHOJIyKH OKCHIY MOMiO/eHy, 300pakeH0 Ha puc. |. 3aleXHICTh IPaHUYHOTO CTPYMY 1

IIA
0.001
P :‘:‘ﬂ:
-0.3 -0.1 0.1 0.3 0.5

-0.001
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Puc. 1. Iuxmiuma BonstamMmeporpama posiaasy (NH;),CO-Na,MoO, (9,2x10~ moms/cy®)
mpu 135°C, v=10,01 B/c, S = 0,47 om?

Fig. 1. Cyclic voltammogram of the (NH,),CO-Na,MoQ, melt (9.2x10™° mol/cm®)
at 135°C, v=0.01 V/s, S = 0.47 cm’
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MOTEHLiaJTy XBHJII BiJl KOHIIEHTpamii OKCHIy MOJiOAeHy B pO3IUIaBi i MIBHJIKOCTI HaKJa-
JaHHS TOTEHLiaNy CBIAYHUTH PO HE3BOPOTHICTH MPOLIECY, IO CIIOCTEPIraeThCs.
BonprammepHi 3aje:KHOCTI, XapakTepHi I KapOaMiTHUX PO3IDIaBiB, HABEICHO Ha
puc. 2. [Ipu monaBaHHI B PO3IIIaB OKCHIHUX CITIOYK MOJIONEHY, KOHIICHTpAIlisl KaTioHy
MOJIiO/IeHy pi3Ha, TOMY B 3HAMEHHUKY T'YCTHHH CTPYMY MU JIOJAJTH KOHIICHTPAITIIO:
i=1/(sC),
ne I — ctpym (A), S — mioma inauKaTopHOro enektpomay (cm”), C — KOHIEHTparlis
(Monb/cm’). Ha mificTaBi HaBeIEHHX BOJBTAMIIEPOrPAM MOXKIHBO 3POOHUTH BHCHOBOK,
110 MAaKCUMAJIBHO TPaHUYHI CTpyMH XapakTtepHi 1uist cucteMu (NH;),CO-Na,MoO,.

K2MoO4 Na2MoO4 /(A cm/mol)

-50 4
Puc. 2. Bonsramneporpamu posmiasis (NH;),CO-MoOj; (Li,MoO,, Na;MoOy4, K;MoOy)
mpu 135°C, v=0,01 B/c
Fig. 2. Voltammograms of the (NH,),CO-MoO; (Li;M00,4, Na,Mo00O,, K,Mo0O,) melts
at 135°C, v=10.01 V/s

EnexTponizoM kapOaMmigHHX PO3IUIaBIB, IO MICTATH CIIOJYKH OKCHIIB MOJIOIEHY,
npy rycrusi crpymy 10—-20 MA/cM” GyTu OTpEMaHi MiKpOHHI MOKpUTTS. Mo Ha Hikene-
BUX KaTo/1aX, a TAKOXX MOPOLIKH MeTaneBoro Mo.

1. Tymanoea H.X., Hesamxun C.B., boiiko O.H. DneKTpoXuMus TyTrOILIaBKMX METAJLUIOB B HOH-
HBIX U HOH-OPTaHMYECKHX paciuiaBax // Ykp. XiM. xkypH. — 2004. — Ne 7/8. — C. 78-84.

Svetlana Kochetova, Sergei Devyatkin

ELECTROCHEMICAL BEHAVIOUR OF MOLIBDENUM OXIDE AND COMPLEXES IN MOLTEN
CARBAMIDES

V.1 Vernadskii Institute of General and Inorganic Chemistry, NAS of Ukraine,
Palladina ave. 32—-34, 03142 Kyiv, Ukraine, e-mail: devyatkin@yahoo.com

Carbamide melts were used as electrolytes for electrochemical machining of metals. Was studied the
possibility of electrochemical deposition of refractory metals from carbamide melts contain molybdenum oxide
at a temperature 135°C.When studying the behaviour of molybdenum oxide electrochemical and its compounds
(Mo0O;, LiM00s, Na,MoO,4, K;M00O, and CaMoQ,) in molten carbamide, it can be concluded that the
maximum limit currents characterize for the systems (NH,) ,CO-Na,MoO,.

Key words:molibdenum, molten carbamides.
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CWIIKATEJIb, IMIIPETHOBAHUI XJIOPHIOM HETHAJINIPUIAHIIO, AK
MOJJUPIKATOP BYT'IVIBHO-ITACTOBOI'O EJIEKTPOAY JJIs1
CYMICHOI'O BU3HAYEHHS JESIKNX A3O5APBHUKIB

Ooecvrutl Hayionanbrull yuieepcumem imeni 1.1 Meunuxosa, kagedpa ananimuunoi ximii,
ey [eopsncera, 2, 65082 Ooeca, Vkpaina, e-mail: alexch@ukr.net

B ocrannii yac Bce Oimpine 1 Oilblle yBard NPUAUIIETHCS BH3HAUCHHIO
CHHTETUYHUX XapYOBUX OapBHUKIB, SKi IMHPOKO 3aCTOCOBYIOTHCS MPU BHUPOOHHUIITBI
PI3HOMAHITHHX TPOAYKTIB XapuyBaHHS, MapPyMepHUX Ta KOCMETHYHHUX TOBapiB, a
TakoX (papManeBTTHYHUX TMpemnapatiB. HeoOXigHICTP KOHTPOIIO Ham iX BMICTOM
OB ’s3aHA HETAaTHMBHHUM BIUIMBOM IIHX CIIONYK Ha 3/0pOB’S JTIOAWHU. ToMy po3poOka
BHUCOKOYYTJIMBHX Ta CEJICKTHBHHX aHAJITHYHHX METOJIB BH3HAYCHHS Xap4yOBHX
OapBHUKIB € aKTyaJIbHIM 3aBIaHHSM.

B nmaniii poOOTi HaMH MOCTIMKEHA MOXKJIMBICTH OJHOYACHOIO BOJIbTAMIIEPOMET-
puuHoro Bu3Ha4deHHs OapBHUKIB JKoBtmit «Consunuii 3axiny (AKC3) ta Taprpasun
(TAH) 3 BUKOPHCTaHHSM BYTLIBHO-ITACTOBOTO €JICKTPOAY, MOIU(PIKOBAHOTO CHITIKAJICM
3 IMIIPETHOBaHUM XJIOPHIOM LeTwinipuauHito (BIIE-CT-IIICI).

Bubip BIIE-CT-LIICI 0o0yMoBneHn# 301IbIICHHSM CHIA CTPYMY OKHCHEHHS BHU3Ha-
yyBaHuX OapBHMKIB B 2 pa3u nopisusHO 3 BIIE Ta y 2,4 pasu nopisasuo 3 BIIE-CI”

619 A f
1 al/a ¢ 6/b
5 [7
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Puc. 1. KagpatHo-xBuiboBi BonsTammeporpamu cymimi JKC3 1 TAH wa BIIE (nepepusuacra
ninist), BIIE-CI (Toukosa ninist), BIIE-CI'-LIIICI (cyminbHa miHIs) (@) Ta 3a1€XKHICTh CTPYMY
oxucHenHs J)KC3 (cyuinena ninis) i TAH (nepepusuacta ninist) Big pH cepenosuma (6).
Fig. 1. Square-wave voltammograms of Sunset Yellow FCF and Tartrazine mixture on CPE
(dotted line), CPE-SG (dash line), CPE-SG-CPCI (solid line) (@) and plot of the oxidation peak
current of Sunset Yellow FCF (solid line) and Tartrazine (dash line) on CPE-SG-CPCl as a
function of pH solution.



212 VIII Ykpaincokuii 3’130 3 enekmpoximii

64 5-
54 i=4.24C,, +0.0123
44 B
< ] « R*=0.997
= 44 2
- 234
234 a/a z 6/b
) 5
ERS = 2 o
- | 1 - i=2.75C,,,, +0.233
i ] - R*=0.996
U L I v Ll v L v = ] g L] = I i L e ]
400 600 800 1000 1200 0.0 0.2 0.4 0.6 0.8 1.0
[lorenuian, MB Konuenrpauis, MM

Puc 2. Keagparao-xBuiiboBi Bosbramneporpamu cyminii KXC3 ta TAH mpu pi3niii KoHLeHTpauii:
1 —1wmxM; 2 —0.8 MkM; 3 — 0.6 MkM; 4 — 0.4 MxM; 5 — 0.2 MkM; 6 — 0.01 MxM (a) i
rpaxayroBaibHi rpadiku BuzHaueHHs JKC3 ta TAH (6).

Fig 2. Square-wave voltammograms of Sunset Yellow FCF and Tartrazine mixture for various
concentrations: 1 — 1 uM; 2 —-0.8 uM; 3 — 0.6 pM; 4 — 0.4 pM; 5 - 0.2 pM; 6 — 0.01 pM (@) and
plots of the peak currents as a function of Sunset Yellow FCF and Tartrazine concentration.

puc. 1, a). BcraHoBneHo, 110 HaifBHIA CHJIa CTPYMY CIHOCTEpPIraeThCsi NP CITiBBiHO-
mienHi CI' mo LIIT-CI 2:1 ta MacoBiit yacTiii MoaudiKoBaHOTO CHITIKarelto B macti 5%. 3
puc. 1, 6 BuaHO, 110 MakCUMalbHI CTPYMH OKHCHEHHS crioctepirarotecst mpu pH = 2 y
BUNaKy 000X OapBHHMKIB. 3anexHocTi ctpyMiB okucHeHHs JKC3 1 TAH Bin mBuakocti
PO3ropTKU MOTEHIIaTy ONUCYIOThCSA HACTYITHUMHU PIBHAHHAMM: iyoxc3)=0.0420+0.721 (R?
=0.991); icorezy = 0.0099v — 0.127 (R = 0.995); iyram = 0.0691v - 0.2756 (R* = 0.996).
Buxonsun 3 oTpuMaHMX JaHWX, MOXKHA 3pOOHTH BHCHOBOK, IO CTPYMH OKHCHEHHS 1
BigHOBNeHHS JKC3 Ta crpym okucHeHHs TAH ma BIIE-CI-HIIC] marote agcopOumiiny
MPUPOTY, @ ONTHMANbHI 3HAYCHHS MOTEHIaNy 1 Yacy HAKOMWYCHHS CKIAJaloTh Ul
XKC3 -400mB 1 180 ¢ Ta mimst TAH — 300 MB 1300 c.

BuxopucToByroun 3anexHicts E, = f'1g(v) Oyna pozpaxoBaHa KillbKiCTb €JIEKTPOHIB
Ta Koe(imieHTH nepeHocy 3apsay mikiB okucHeHHs (n=1.21=1; 1-0=0.49) i BizHOBIECHH:
(n=1.21=1; 0=0.51) mna XKXC3 ta mixy okucHenss (n=1, 1-a=0.5) mis TAH.

OnTHMi30BaHO YMOBH KBaJpaTHO-XBHIIBOBOi po3ropTku (A = 40 mMB, v = 25 I,
v =100 MB/c mms )KC3 ta A = 30 MB, v =25 I'i, v = 100 mB/c mns TAH) ta no6y-
JIOBaHO TpaayroBalibHi rpadiky Ui BU3HAYCHHs OapBHUKIB IPH CYMICHIN IPHUCYTHOCTI
(puc. 2). I'panyroBanbHi rpadiku diHiAHI B nianazoni koHnentpaii JKC3 0.02—1 mxM
ta TAH 0.04—1 MxM.

Ha migcraBi oTpuMaHuX rpaayroBaibHUX rpadikiB po3paxoBaHi HMKHI MEXKI BUSB-
nenHst (36) Ta HWXKHI Mexi KinbkicHoro BuzHaueHHsa (100) mus XKC3 (0.005 mMxM i
0.016 mxM) ta TAH (0.008 MxM 1 0.025 MmxM). Po3po6iiennii cencop OyB anpoOoBaHHi
npu Bu3HavyeHHi OapBHuKiB J)KC3 ta TAH npu cyMicHil IPUCYTHOCTI B MOJICNBHUX PO3-
YHMHaxX Ta y cojlogKoMy Haroi (nuB. Tabnumo) 3 RSD, mo ne nepesuiye 2.5%.
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Ta6auus. Pesynsratn BusnaueHHs 6apBHukiB JKC3 ta TAH B MomenbHUX po3UHHAX i
coonkoMy Hanoi (n =3, P =0.95)

Table. Results of Sunset Yellow FCF and Tartrazine determination in model solutions and soft
drink (n= 3, P =0.95)

00 ekT Beeneno, Mkr 3HaliIcHO, MKT RSD, %
aHaizy KC3 TAH KC3 TAH JKC3 TAH
4.52 5.34 4.57+0.25 |5.41£034| 2.2 2.50
Mogensuuii po3uun 6.33 6.41 6.39+0.28 | 6.43+0.1 1.78 0.61
13.57 7.48 13.64+0.33 | 7.40+0.41 1.0 2.24
Como ki Hamiii - - 16+0.84 17+ 0.82 2.1 1.9
(MKT/MIT) (MKT/MIT)

Anastasiya Koicheva, Kateryna Bevziuk, Konstantin Pliuta, Alexander Chebotarev, Denys Snigur

SILICA IMPREGNATED WITH CETYLPIRIDINIUM CHLORIDE AS MODIFICATOR
OF A CARBONE-PASTE ELECTRODE FOR SIMULTANEOUS DETERMINATION
OF SOME AZODYES

Odessa 1.1. Mechnikov National University, Department of Analytical Chemistry,
Dvorjans'ka Str., 2, 65082 Odessa, Ukraine, e-mail: alexch@ukr.net

In this work we have proposed the carbone-paste electrode modified by silica impregnated with cetylpiri-
dinium chloride for simultaneous determination of sunset yellow FCF and tartrazine. The optimal conditions
for the determination of sunset yellow FCF (pH = 2, E.4s = 400 mV and t,4s = 180s) and tartrazine (pH = 2,
Eus = 300 mV and t,gs = 300s) were established. The optimal conditions for the square-wave voltammetric
determination of dyes (A=40 mV, v=25 Hz, v=100 mV/s for sunset yellow FCF and A=30 mV, v=25 Hz,
v=100 mV/s for tartrazine) were obtained. The calibration curves are linear in the concentration ranges of
sunset yellow FCF 0.02-1 uM and tartrazine 0.04-1 uM respectively. The developed sensor has been tested for
simultaneous determination of dyes in model solutions and soft drink with RSD no more than 2.5%

Key words: carbone-paste electrode, silica, cetylpiridinium chloride, dyes, sunset yellow FCF, tartrazine.
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OPTAHO-HEOPT' AHIYHI IOHITH JIJ1s1 BUBIPKOBOI
EJEKTPOJEIOHI3AIIIT PO3BEJEHNUX BOJHNUX PO3UNHIB

ITnemumym 3azanvhoi ma neopeaniunoi ximii im. B.1. Bepnaocvkoco HAH Yxpainu,
1abopamopin MeMOpanHux ma copoyiliHUX npoyecie ma mamepianiis,
npocn. Ilannaodina, 32/34, 03142 Kuis, Ykpaina, e-mail: kolomiyetsy@gmail.com

Po3poOka HOBUX €(QEKTUBHHX, EKOJOTIYHO YHCTHX, €HEPro30epiraroumx METOMIB i
MarepiaiiB sl OTPUMaHHS BHCOKOSKICHOT BOJIM € OJHUM 3 MPIOPUTETHUX 3aBJaHb Ha-
YKH, CIIPSIMOBaHUM Ha MOJINIICHHS 3[0POB'S JIOJIEH Ta NOCSTHEHHS CTajloro PO3BUTKY
KpaiHu. AncopOLiiiHi METOIM BUAAIEHHS, PO3IUICHHS 1 KOHLEHTPYBAaHHS I[IHHUX a0o
TOKCHYHHUX JIOMIIIOK BOJHHMX PO3YHMHIB 3aJIMIIAIOTHCS HAWOUIbII e(heKTHBHUMHU, OCOOU-
BO TIPH 3aCTOCyBaHHI i0HOOOMIHHMX MaTepiainiB. Taki agcopOeHTH BHOIPKOBO HOTIIMHA-
I0Th 3 BOJAHUX PO3YMHIB Ti a00 iHmI ioHHI AoMmimku. OKpiM TOTO, MTOPUCTA CTPYKTYpa
MaTepianmiB 3a0e3ledye BHUCOKY PYXJIHBICTE ancopOOBaHWX 10HIB NPH 30BHIITHBOMY
BIDIHBI (XIMIYHOMY, TepMidHOMY a00 enekTpuaHOMYy). /1o amcopOeHTiB, SKi TOEAHYIOTh
BHCOKY PYXJIUBICTh COPOOBAHUX 10HIB Ta CENIEKTUBHICTD, BiTHOCATHCS KOMITO3HUTH, SIKi
BKJIFOYAIOTh TiZIpaTOBaHi OKCHIM OaraToBaJeHTHUX MeTaniB. OKCUriapaTHi aicopOeHTH
XapaKTepU3yIOThCSI BHCOKOI IIBHIKICTIO Ta BHOIPKOBICTIO TOIJMHAHHS TOKCHYHHUX
kuceHb-BMicHUX 10HiB (As (V), Cr (VI), rigpomizui ¢popmu Cd (II), Pb (1), Ta in.), mone-
KyJ, sIKi 37aTHI g0 aucouianii (OopHa KucioTa, OCH30MHA KHCIIOTa, (DEHON), a TaKOoX
3HAYHOIO XIMIYHOIO Ta TEPMIYHOIO CTIHKICTIO. BOHHM MOXYTh yCHIIITHO 3aCTOCOBYBATHCS
JUISL OYHMIICHHS! IPOMUBHUX BOJI FaJIbBAHIYHUX BUPOOHHIITB, OXOJIOIKYIOY0T BOJH siiep-
HUX pEaKTOpiB, MUTHOI BoAu Tomio [1]. Bucoka mBUAKICTE i0HHOTO OOMIHY JTO3BOJISIE
PO3TIISIaTH OKCUTUAPATH SK MEPCIEKTHBHI Mi>KMEMOpaHH! HANlOBHIOBAYl JUIsl €JIEKTPO-
neioHi3amii, sKa € eKOJOTiYHO OE3MEeYHOI0 aJbTePHATUBOI0 KIACHYHOMY 1OHHOMY
obMminy [2—4].

Oxkcurinparu metaniB [V rpynu mobyznosasi 3 oktaenpiB MOg, 10 YTBOPIOIOTH TIPO-
cropoBi TyHemi po3Mmipom 0,5-1 am. Ilpu pomy B pamy meraniB Zr(IV), Ti(IV), Sn(IV),
Mn(IV) BinOyBaeTbes 3MiHA CTPYKTYypHUX (KoopauHamiiiHe umcio, KY), enexTpudHmx
(ioHHMIT MOTEHIIIaN KaTIOHY, 10 YTBOPIOETE OKCHJ, (), IIOJIOKEHHS TOUKU HYJIHOBOTO 3a-
psiny, pHo) i KMCIOTHO-OCHOBHUX (KOHCTaHTH NPOTOHYBAaHHA-ICIIPOTOHYBaHHS OBEPX-
HeBux rpym, pK;, pK, BinnosigHo) BractuBocTeil moBepxHi. B cBOIO uepry, 1s cykyn-
HICTh (haKTOpIB BIUIMBA€E HA CITIBBIJHOIIEHHS HMPOTOHO-JOHOPHHUX Ta MPOTOHO-AKLEIN-
TOPHHX BJIACTUBOCTEW MOBEPXHI HEOPraHIYHOI CKJIaNOBOI KOMITO3MLIIHUX MaTepiasis.
ToMmy nmociiJUkeHHS BIUIMBY BHIIEBKa3aHMX (AaKTOPIB Ha CEJIEKTHBHI 1 TPaHCIOPTHI
BJIACTHBOCTI OPraHO-HEOPTraHIYHUX KOMIIO3ULIHHUX MaTepialiB, 10 MICTATh SK Heopra-
HiUHY ckianoBy okcurigparu meraniB Zr(1V), Ti(IV), Sn(IV), Mn(IV), no3Bonuts npor-
HO3yBaTH (YHKIIOHAJBHI BIIACTUBOCTI, TaKi SK 10HHA IMPOBITHICTh HOBUX MaTepialiB Ha
OCHOBI MeTaN-OKCUTHHX MaTpPHLb.

CHHTE30BaHO Pl TIOPUIHUX OKCHA-BMICHHX 1OHITIB IIISIXOM 30Jb-T€NIb OCAIKCHHS
CEJICKTUBHOTO KOMITOHEHTY Y CHIBHOKUCIOTHUX (KV-2-8, Dowex HCR-S) Ta cuibHO-
ocHoBHUX (Dowex Marathon 11, Dowex SBR-P) opraHidHHX 10HOOOMIHHMX MAaTPHIISIX
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Ta JOCIIIKEHO aJICOPOLIiKHI 1 €ICKTPONPOBITHI BIACTHBOCTI OTPHUMAHUX KOMITO3UTIB.
3okpema Oyiio BUBYEHO ancopOito aHioHiB, siki MicTiITh As(V) ta Cr(VI), a Takox ka-
tiorn Cd(II), Pb(Il) oprano-HeopraHivHUMH afgcopOeHTaMH, IO BKIIOYAIOTH TiApaTo-
Baui okcunu Zr(IV), Ti(IV), Sn(IV), AI(III), Fe(Ill), po3paxoBaHo BenwdwHU KOedi-
LiEHTY po3MOAiLTy. BusiBieHO BHOIPKOBICTh afCOPOEHTIB 1O BiHOMICHHIO JO BKAa3aHUX
ioHIiB B NpPHCYTHOCTI HAITMIIKY OJHO3APSAAHMX KOHKypyrounx iowis (K', NO;, CI).
3HalieHo, M0 y BHIAAKY 3aCTOCYBAaHHS B CKJIAIi TIOpMAHWUX ancopOeHTIB OKCHIB
Zr(IV), Ti(IV), Sn(IV) ancopbat yTBOPIOE 3 IOBEPXHEIO 30BHIIHROC(EPHI KOMILIEKCH,
110 JI03BOJISIE BILIMBATH Ha aJICOPOLIHY pIBHOBAry i3 CyTTEBUM 3HW)KEHHSM 00’eMy Ta
KOHLIEHTpALil peareHTiB [uIsl XIMIUHOI pereHepaii abo eHeproBUTpar Ajst TepMiuHOT abo
€JIEKTPOXIMIYHOT pereHepanii. 13 BUKOpUCTaHHIM IMIIEZJaHCHOT CIIEKTPOCKOITT BUMIPSHO
1OHHY TPOBIJHICTH IOJIMEPHUX IOHITIB Ta OpPraHO-HEOPraHIYHMX KOMIIO3MTIB Ha iX
ocHOBI, pociimkeHo sk H a6o OH, Tak i 3amimieni ¢opmu. s BUMipIoBaHHS 10HHOT
IIPOBITHOCTI MaTepiaiiB y BUXiIHIN i0HHIM Qopmi rpaHyH riOpuIHUX ancopOeHTIiB abo
BUXIZTHUX cMoJl BUTpuMyBasi y 0,1 M a30THi# KHCIIOTI Ta BiIMHMBaNIN IUCTHIHOBAHOIO
BOJO10. JI7IsT IMIIETaHCHUX JOCIIKEHb BUKOPHCTOBYBAIN MPU3MAaTHYHY KOMIPKY KOH-
JICHCATOPHOTO THITY 3 €JIEeKTPOJaMH, BUTOTOBICHUMH 3 IUITATHHOBAHOTO THTaHy. KOHT-
POJb CTYIICHIO BiAMHBAHHS HMPOBOIMIIN J0 JOCSITHEHHS NOCTIHHOI BETWYIHHH CICKTPHU-
HOI TIPOBiAHOCTI TpaHyn Marepiany. Llelt mapamerp po3paxoByBaIM i3 3HAYCHHA aKTHB-
HOTO CJIEKTPUYHOIO OMOPY, KWW BH3Hauau 3 miarpam Haiikeicra. [[s moOyaoBu Bka-
3aHHMX JiarpaMm 3HIMajM CHEKTpH IMIEJaHCy Ha enekrpoximiuHomy moayni PGSTAT
302N Metrohm Autolab y miamaszomi wactor 1072 — 10° TI'm. Sk poGouy piamuy
3aCTOCOBYBAJIM JAMCTHIBOBAHY BOJAY 3 BEIMYMHOIO €IEKTPHUYHOIO OINOPY HE MEHII HiX
5,7-10™ Cm/m. Jlns mepeBomy MaTepiaiiB y Ty abo iHury ioHHy (pOpMy BHKOPHCTOBY-
Baju 0.1 M po3unHM BiIMOBIMHUX COJICH, CIIBBIIHOIICHHS Mac TBEPIOi Ta piakoi das
cranoBmio 1:100-250, yac KOHTaKTy CTaHOBHMB HE MeHIIe 24 ToJ, PO3YHHH IHTEHCUBHO
nepeminryBani. HeaminHICTb y yaci BeanyuH pH po3unHIB CBiuMIIa MPO BCTAHOBIICHHS
ajcopOiitHOl piBHOBary, micis HOTO aAcOpOEHTH BIIMHBAIIM AEIOHI30BAHOIO BOMOIO.
Bwmict amcopOoBaHuMX i0HIB B OAMHUIN 00’€My i0HITY BH3Hadaiu aecopOmiero 0.1 M
A30THOIO KHCJIOTOIO (4ac KOHTAKTy CTAHOBUB HE MEHIIE 48 rof) i3 OAaNbIINM aHali30M
eJF0aTy aTOMHO-a0COPOIIITHIM METOIOM.

Bcranosneno, mo yci KaTioHOOOMiHHI aACOpPOCHTH XapaKTepU3YIOTHCS i ABHICHOIO
€JIEKTPOIIPOBIAHICTIO y BUXITHIM (opMi MOPIBHAHO i3 HEMOIM(PIKOBAHUMH CMOJIAMH.
Benmuunn ionHOT poBigHOCTI agcopOenTiB micist nornuHanHs ioHiB Pb(Il) HaBegeHno y
Tabn. 1. Buano, mo 30i1bIIeHHS KOHIICHTpALlli PO3YHHY, SIKHH BUKOPHCTOBYBABCS IS
HACHYEHHsI, [TPU3BOJUTD JI0 3MEHILIEHHs MpoBinHOCTi. [IpoTe mis mojiMepHOro iOHITY
BEJIMYMHM TPOBIJHOCTI B IUIOMY HWXK4Yi, HDXX A7 TiOpumHUX ancopOentiB. [lokazaHo,
10 OLTBILIICTh aHIOHOOOMIHHUX aJCOPOEHTIB XapaKTEepU3YIOThCS 3HMKCHHSIM €JIEeKTPO-
IIPOBITHOCTI y BHXiAHIM (QopMi MOPIBHIHO 3 OPTaHIYHOIO MaTpUIero. AJie BBEICHHS
TiJIpaTOBAaHOTO OKCHJy OJIOBa 301JbIIY€ iOHHY MPOBIIHICTH aHIOHOOOMIHHOI cMoiH Do-
wex SBR-P, sx OH, tax i apcenatnoi ¢opmu. [Ipu nornuHanHi apceHaT-ioHIB 3 BUXIZ-
Horo po3unHy (NaH,AsO,, pH=7-9) ioHHa mpoBimHICTh aHIOHOOOMIHHOI cMonu Dowex
SBR-P 30unbmryetses B 2—3 pasu. [Ipu mepeBoi aHiOHOOOMIHHUX afcopOeHTIB B apce-
HaT-3aMileHy GpopMy IpHU BUXimHOMY 3HaueHHI pH po3umHy 2—3, iX IpOBIIHICTH 301Th-
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Ta6muus 1. lonna nposignicTs agcopoentiB y H dopwmi i micist nornuaanus ionis Pb(Il)

Table 1. Ionic conductivity of the adsorbents in H forms and after adsorption of Pb(Il) ions

AncopbeHT PiBHoBaxcHuit po3unt Pb(NO;),, M | Tonna nposignicts, CM M’
Dowex HCR-S - 0,083
Dowex HCR-S 0,001 0,035
Dowex HCR-S 0,01 0,034
Dowex HCR-S/16%Zr - 0,183
Dowex HCR-S5/16%Zr 0,001 0,055
Dowex HCR-S/16%Zr 0,01 0,037

myetbess B 2—10 pasiB, mo Moke OyTH MOSCHEHO 30UTBIICHHSM IIOTJIMHAHHS aHIOHIB
HEOPTaHiYHOK CKJIAJOBOK Y BIIIOBITHOCTI O KUCIOTHO-OCHOBHHX BJIAaCTHBOCTEH
OKCHIIB. 3BakKal0Ul Ha BUCOKI BEJIMYMHHU MPOBITHOCTI y 3aMIMIeHUX (opMax, KOMIIO-
3ULINAHI 10HITH MOXYTh OyTH BHKOPHCTaHI IUIA €NEKTPOACIOHI3AIIfHOTO BHIANICHHS 3
PO3YMHIB TOKCUYHUX 10HIB.

1. Moller T. Selective crystalline inorganic materials as ion exchangers in the treatment of
nuclear waste solutions / Thesis Academic Dissertation. — Helsinki, 2002. — 56 p.

2. Kudelko K., Maltseva T., Bieliakov V. Adsorption and Mobility of Cu (II), Cd (II), Pb (II) ions
Adsorbed on (Hydr)oxide Polymer Sorbents M,O,*nH,0, M = Zr (IV), Ti (IV), Sn (IV), Mn
(IV) // Desalin. Water Treat. — 2011. —Is. 35. - P. 1-5.

3. Maltseva T.V., Pal’chic A.V., Kudelko E.O., Vasilyuk S.L., Kazdobin K.A. Impact of Surface
Properties of Hydrated Compound Based on ZrO, on the Value of Ionic Conduction //
Khimiya I Tekhologiya Vody. — 2015. — Vol. 37, No. 1. — P. 38-50 (in Russian).

4. Maltseva T.V., Kolomiyets Ye., Vasilyuk S. Hybrid Adsorbents Based on Hydrated Oxides of
Zr(IV), Ti(IV), Sn(IV), Fe(Ill) for Arsenic Removal // J. Water Chem. Techno. — 2017. —
Vol. 39, No. 4. — P. 214-219.

Yevgen Kolomiyets, Tetyana Maltseva, Yuliya Dzyazko

ORGANIC-INORGANIC ION-EXCHANGERS FOR SELECTIVE ELECTRODEIONIZATION OF
DILUTE WATER SOLUTIONS

V.1 Vernadskii Institute of General and Inorganic Chemistry, NAS of Ukraine,
Laboratory of Membrane and Sorption Processes and Materials,
Palladin Ave., 32/34, 03142 Kyiv, Ukraine, e-mail: kolomiyetsy@gmail.com

Organic-inorganic adsorbents were synthesized. The materials are based on cation and exchange resins,
which were modified with hydrated oxides of multivalent metals, such as Zr(IV), Ti(IV), Sn(IV), Mn(IV).
Electrical conductivity of both the pristine polymers and hybrid adsorbents has been investigated using
impedance spectroscopy. Preliminarily the adsorbents were loaded with As(V) and Cr(VI)-containing anions or
Cd(IT) and Pb(IT) cations. The order of the conductivity magnitude has been shown to achieve 102 S m™. This
high value shows the possibility to use the ion-exchangers for electrodeionization processes.

Key words: hybrid ion exchanger, oxide, toxic ions, selectivity, electrodeionization.
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BUCOKOE®EKTUBHUI EJEKTPOJII3EP HA OCHOBI
MMPOTOHITPOBITHOI MEMBPAHM /1711 TEHEPAIIII BOJTHIO TA KUCHIO

IIHcmumym 3aeanvroi ma neopeaniunoi ximii im. B.1. Bepnaocvkoeo HAH Ykpainu,
npocn. Akademixa Ilannadina, 32/34, 03680 Kuis-142, Yxpaina, e-mail: pirsky@jionc.kyiv.ua

°Hayionansnuti mexuivmuii yrieepcumem Yxpainu «KIII imeni leops Cixopcokozo,
npocn. Ilepemoeu, 37, kopnyc 4, 03056 Kuis, Ykpaina, e-mail:yaroslav.kolosovskiy@yahoo.com

EnexTposi3 BoaM € OMHUM i3 OCHOBHHX CIOCOOIB BUPOOHHUIITBA BOJHIO y BOJIHEBIiH
eHepretuui. [Ipu oro BUpOOHHUIITBI OLIbIIY yBary NPUAUISIOTH €IEKTPOII3Y 3 TBEPIUM
npoTOHNpoBigHUM modiMepHuM enektporitoM (TIIE). [lana TexHosoriss BApOOHUITBA
BOJIHIO € EKOJIOTIYHO YHCTa Ta 3a0e3Meuye BUCOKY SEKTHBHICTh POOOTH CIEKTpOITizepa
IIPU BHUCOKIH I'ycTHHI cTpyMy 1 Hu3bkux Temneparypax (<100 °C). ITopiBHsHO 3 emnek-
TPOJII3EpPOM Ha OCHOBI JIYXKHOTO €JIEKTPOJITY, €JIEKTpoIIi3 Boau B enekrpouizepi 3 TIIE
Mae psJ IepeBar, B OCHOBHOMY 3 TOYKH 30pY €KOJOTiYHOCTI, Oe3IeKu i OLIbII BHCOKOL
YHUCTOTH OJIEP)KYBAaHMUX Ta3iB. TakoX CYTTEBUM HEIONIKOM EJEKTPOJi3epa 3 JIy)KHHUM
CIICKTPOJIITOM € HOr0 BHCOKE SHEProCIIOKUBAHHS.

[pu 3actocyBanni TIIE y Burisaai ToHKHX MeMOpaH, Ha BiIMiHY BiJ KOMipOK 3 pif-
KUM eJIEKTPOJITOM, € psif ictoTHuX nepesar. Komipku 3 TIIE He MaloTh BHTOKIB arpe-
CHUBHUX PIIWH; BiACYTHA HEOOXIAHICTH pereHeparii enekTpotity B xoxai podoru (Hemae
PO3BEICHHS EJICKTPOJITY MPOAYKTOM pEaKiii - BOAOI0, 1 EJIEKTPONIT HE pearye 3
BYTJICKUCIMM T'a30M, SIK Yy BUIAJKY JIy>)KHOTO €JIEKTpOJIiTY). BigcyTHICTE pikoro yx-
HOTO EJIEKTPOJIITY PI3KO 3HMXKYE KOpPO3iI0 METaJeBUX YacTHH 00JaJHaHHs. OCOOJIMBO
CIIiJI TKPECINTH, 10 BiJABEAECHHS Ta3oMoJiOHMX MPOIYKTIB BUKOHYETHCS 3 THIBHOTO
OOKy eJIEKTPO/IiB, 110 MOJIETIIYE OpraHi3allilo ra30piANHHNX NOTOKIB BCEPEIHHI KOMIPKH.
B enexTpormizepax 3 TBEpIOMOIIMEPHUM EJIEKTPOJITOM BUKOPHUCTOBYIOTHCS BHCOKOINC-
MIepCHI TOPOLIKOBI KaTali3aTOpH, sSKi MalOTh BUCOKI 3HAYEHHS IMUTOMOI aKTHBHOI I10-
BEpXHI NOPIBHAHO, HANIPUKIIAJ, 31 CKEJICTHUMH KaTasizaropaMi. MOXIIMBE IPOBEICHHS
mpoIiecy IpH 3HAYHUX Iepernagax THCKY (MeMOpaHa Mae HU3bKY Ta30MPOHHUKHICTD).
3HIKEHHS BiACTaHI MiX €JIEKTPOJaMH A0 TOBIIWHH MEMOpaHHW MPU3BOAUTH IO 3MEH-
IICHHS OMIYHUX BTpat; cucteMu 3 TIIE XapakTepu3yloThCS BHCOKOIO MOXKEXKO0- 1 BHOY-
xo00e3neunicTio. OmHAK, BIACYTHICTH PIAKOTO CICKTPONITY CTBOPIOE 1 MEBHI MPOOIEeMH.
Tak, Jmuire Ti YaCTHHKH €JICKTPOKATali3aTopiB, II0 3HAXOMATHCS B OE3MMOCEepPeIHBOMY
koHrakTi 3 TIIE, MOXyTh npuiiMaTi epeKTUBHY Y4acTb B €JIEKTPOXIMIYHOMY IPOILECi,
[0 BUMArae J0CUTh CKJIaTHOI OpraHi3allii eleKTPOKATATITHYHUX IIaPiB.

MerToro pobotu Oyna po3poOka MeMOPaHHO-EIEKTPOIHOTO OJIOKY eEeKTpoi3epa Ha
OCHOBI NPOTOHITPOBiTHOT MeMOpanu Tuiy Nafion®, BH3Ha4e€HHsI ONTUMAaJILHOTO CKJIay
KaTali3aTopiB I BUALICHHS KACHIO Ta BOJHIO B IPOIIEC] SIIEKTPOIIi3Y BOJH Ta METOJ iX
CHHTe3y. BU3HAYNTH HaBaHTa)XCHHS KaTali3aTOpiB Ha ONWHHIIO IUIOLII KHCHEBOTO Ta
BOJIHEBOTO €JICKTPOJiB, ONTHMAJbHUH CKJIaJ KAaTaNITHYHHX YOPHHI, PO3pOOHTH Ta
BIATIPAlbOBATH METOJUKY HAHECECHHS KaTaJiTHYHOTO MIapy.

B mporieci pobotu 6ymno po3pobiaeHo KOPIyC eNeKTpoTi3epy, SKUii BUTOTOBIISETHCS 3
oprckia. Enextpomizep ckimamaeThes 3 IBOX OOKOBHUX CTiHOK, B SIKMX BHKOHAHI ITOCAJI-
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KOBI Micus sl CTPYMONI/IBITHNX IUIACTHH 3 KaTOJHOTO OOKY IIaCTHHA BHTOTOBJICHA 3
HEpXKaBIIOYOl cTalli, 3 aHOJHOTO OOKY IS 3amo0iraHHs OKHCHEHHIO Matepiamy TyBo-
PEHMM KHCHEM IUIaCTHHA BUTOTOBJIEHA 3 TUTaHY. MK IUTaCTHHAMHU 3HAXOIUTHCS S-Ia-
pOBHUIT MeMOPaHHO-EIEKTPOIHUI OJIOK ENEKTpPOJIi3epy, KU CKIaJaeThes 3 JBOX ra3o-
Iudy3IMHAX mapiB, PoONb SKUX BUKOHYE TpadiToBW mamip 3 HAHECEHHMMH Ha HHX
Kartamizaropamu Ta MeMOpaHnoto Tuiry Nafion® Mix HUMH.

B xozi BUKOHaHHs poOOTH HaMH OYJIO pO3pOOJIEHO METOJUKY CHHTE3Y KaTaji3aropy
Pt/C, ns kaToAHOTO eNEKTPOy eNeKTposti3epa. BUKOpUCTaHHs BYTIIEIIEBOTO HOCIS Tiia-
THHOBOI'O KaTajli3aropa J03BOJISE€ HE JIMIIC MiABHIIUTA ¢()EKTUBHICTH BHKOPUCTAHHS
IUIATHHY ajie 1 miaBUIye TiapodoOHi BIACTUBOCTI KaTanizaTopy, IO € CyTTEBUM IOKa3-
HUKOM JJIsI KaTtoxy ejekTpoiizepa Bomu. [lpuroryBanHsi enexTpokaraiizatopy Pt/C
IIPOBO/IMIIN TIOJIION METOAOM 3a JOIIOMOTOI0 €THIICHTJIIKOII0, BogHOTo po3unny H,PtClg,
ta okucHeHoi XC-72, mpu pH po3unny mo 9-11. B pe3ynbrari OTpUMy€eEMO €IEKTpO-
Katayizarop ckiany Pt 40% XC-72 [1].

Sk enekTpokarajizaTop BUAUICHHS KHCHIO OyJia BHKOPHCTaHA IpHIi€eBa YEPHb
IIPOLIEC CHHTE3Y SKOI TakoX OyB BiAmpanboBaHWH. SIK mpexkypcop OyJi0 BUKOPHUCTAaHO
H,IrClg. BimHOBNICHHS ipHIif0 MPOBOAMIN JY)XHUM PO3YHMHOM OOPOTiAPHIY HATPIIO 3
OJTaBaHHSAM TIONIBIHUIIMIPOJIAOHY, SKHH 3a0e3medye OiTplIy AUCIEPCHICTH OTPUMAHOT
IpUIIEBOT YepHi.

Hanecenns karamizaropy Ha razomudysiiuuii map (I'I1I) mpoBOAUIOCs PO3MHICH-
HSIM 3 BUKOPHUCTAHHSIM aeporpady. J{is HaHeCeHHs KaTaJiTHYHOrO IIapy 3a JIO0MOMOTO0
aeporpady roTyBajguch KaTaliTHYHI YOPHUIIA, SIKI CKIAJAIOTHCS 3 MOHOMEPY MeMOpaHu
Nafion D521, nuctunpoBaHOi BOJM Ta BiIIOBIIHOTO KaTami3aTopy, VIS KaTOMHOI CTO-
poru Pt 40% XC-72, nys anoaHOi [r-yepHb. B mporieci HaHeCEHHS KaTaliTUYHOTO Iapy
KIJIBKICTh KaTaji3aTopy KOHTpoiroBaiH 3BaKyBaHHsAM [ /11l Ha aHamiTHYHMX Tepesax.
®dinanpHOIO cTajiero (GOpMyBaHHS MEMOPAHHO-EJIEKTPOJHOTO OJIOKY € CIIKaHHS JBOX
'l 3 HaHeceHNMMHU Ha HUX KaTaji3aTopaMu 3 NMPOTOH MPOBITHOI MEMOPaHOIO B Iedi
3a remneparypu 120 °C.

B pesynbrari mpoBeneHHSA cepii eKCIepUMEHTIB Oylno BH3HAYCHO, IO OCHOBHHI
BIUIMB HAa XapaKTEPUCTHUKH EJIEKTPOJIi3epy YMHHUTH KUTBKICTh aHOJHOTO KaTami3aTropy,
TOOTO ipuaieBoi yepHi. Ha puc. 1. mpuBeeHO BOJbT-aMIIEpHI 3aJ€KHOCTI €IEKTPOITi-
3epiB 3 HABaHTAXEHHSM KaTali3aTopy Ha OJUHUIIO MU0 SIK BUIHO 3 PUCYHKY IPH OJI-
HaKOBOMY HaBaHTa)XEHHI KaTajizaropy Ha karoauomy Ooui MEDB i pizHomy Ha aHOA-
HOMY, CYTTEBO 3MIHIOIOTEHCS TIOKA3HUKHU MOTYKHOCTI EIEKTPOIIi3epy.

B xopi nanoi po6otu 0yJio po3po0JieHO ONTUMATEHUI METO]] CHHTE3y Ta HAHECCHHS
KaTaji3aropiB Ha razonudysiiiauii map MEDB enexrpomizepy. Busnaueno onrumanbue
HABAHTAXXCHHS KaTali3aTopy Ha OJWMHUIIO IUIOINII, ske 3abe3medye HeoOXimHI poOodi
XapaKTEPUCTUKH Ta cTablIBHICT pOOOTH ENIEKTPOIIi3epy B Haci.

1. Pirskyy YuK., Panchyshyn T.M., Gaidin A.V., Tupchienko A.S. Formation of platinum
nanoparticles on the carbon black // Proceedings of Ukrainian Conference with international
participation "Chemistry, physics and technology of surface" devoted to the 30th anniversary
of the founding of Chuiko Institute of Surface Chemistry of NAS of Ukraine and Workshop
"Nanostructured biocompatible / bioactive materials", Book of abstracts, 17—-18 May, 2016,
Kyiv (Ukraine) — P. 130.
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Puc. 1. BonpraMnepHi XapakKTepUCTHKH €IEKTPOJIi3epiB 3 HABAaHTAKCHHSIM KaTaji3aTtopy
Ha ozuHuLEo o Pt 40% XC-72 — 2 mr/em?; Ir — Imr/em? (1);
Pt 40% XC-72 — 2 mr/em?; Ir — 2 mr/em?® (2)

Fig. 1. Volt-ampere characteristics of electrolyzers with load of catalyst per unit area
Pt40%/XC-72 — 2 mg/em®; Ir — 1 mg /em? (1); Pt40%/XC-72 — 2 mg /em%; Ir — 2 mg /em? (2)

Yuriy Pirskyy', Taras Panchyshyn', Yaroslav Kolosovskiy’

A HIGH-EFFICIENT ELECTROLYZER ON THE BASIS OF PROTON-EXCHANGE MEMBRANE
FOR HYDROGEN AND OXYGEN GENERATION

'V.I. Vernadskii Institute of General and Inorganic Chemistry NAS of Ukraine,
32-34 Palladina Avenue, 03680, Kyiv, Ukraine, e-mail: pirsky@jionc.kyiv.ua

’National Technical University of Ukraine "KPI named after Igor Sikorsky", Department of Electrochemical
Productions Technology, 37, Peremohy Ave., 03056 Kyiv, Ukraine, e-mail: yaroslav.kolosovskiy@yahoo.com

Design of a water electrolyzer based on Nafion membrane have been developed. Electrolyzer includes a
cell made from acryl, titanium anodic and steel cathodic current collectors, and 5-layer membrane electrode
assemble. Conditions of synthesis, application catalysts for water electrolysis are investigated. During the
series of experiments, the optimal load of catalysts per unit area was determined to provide the required
parameters.
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hydrogen



220 VIII Ykpaincokuii 3’130 3 enekmpoximii

VK 541.6+541.136:544.032.2

Onez IOCYJIEBChKHH, Onvza KO3APEHKO, Bauecnas JIS/TIOH,
Bauecnas KOIIIEYKO, Bimaniu IIOXO/JEHKO

MEXAHOXIMIYHE OJEPKAHHSA TA EJJEKTPOXIMIYHI BJIACTUBOCTI
HOBUX I'lbPUJIHUX HAHOKOMIIO3UTIB HA OCHOBI IBOBUMIPHUX
CTPYKTYP TA IOJITAHLJIIHY 5K EJJEKTPOJIB
CYIIEPKOHAEHCATOPIB

Twemumym @isuunoi ximii' in. J1.B. ITucapacescoreo HAH Yipainu,
npocn. Hayxu, 31, 03028 Kuis, Yxpaina, e-mail: kozarenko-olga@ukr.net

Jlama poboTa mpucBsYeHa HOCTIHKEHHIO QYHKIIOHATBHAX €IEKTPOXIMIYHUX BIACTH-
BOCTEH TiOpHIHMX HAHOKOMIIO3UTIB Ha OCHOBI mousianininy (PAni) ta 2D marepianis,
Takux K rpadeH, MoS, i WS,, K akKTUBHHUX KOMITOHEHTIB €JIEKTPOIIB CYIEPKOHICH-
caropiB. /Iyt ofeprkaHHs 3a3HAYCHUX HAHOKOMITO3UTOB HaMU OYB 3aCTOCOBaHHN BHCOKO
MPOJYKTUBHHUN Ta €KOJOTIYHO CHPUSTIMBUI MEXaHOXIMIYHHI METOJ, 0 He MOoTpedye
BUKOPHCTaHHS TOKCHYHUX PO3YMHHHKIB.

Hanoxomnosut Ha ocHOBI PAni a rpadeny (Gr) OyB omepxaHuil 3 BMICTOM OCTaH-
HbOro 15 Bar.%. BeTanosieHo, T o Takuii MaTepiai € eIeKTPONPOBIIHNM Ta XapaKTep-
pu3yeThes nposignicTio 0,7 Om™-cM™. 3a gomomoroio metoxy TEM mokasano piBHOMIp-
HUHM PO3IONT YacTHHOK rpadeHy B 00’eMi MONMIMEpPHOI MaTpHIl, MO y CYKYITHOCTI i3
JI€I0 Hampyr MiA 9ac MEXaHOXIMIYHOTO OJEp)KaHHS IPHU3BOIUTH 10 CTPYKTYPYBaHHS
noJiMepy Ta (OPMYBaHHIO PO3NPSIMIICHUX BIIOPSIKOBAHO PO3TAIIOBAHMX MaKpOMOJIE-
Kyn1 PAni.

BcranoBneno, mo MeXaHOXIMIYHO ofepxaHuii HaHOKOMITO3UT PAni/Gr moxe Oytu
BUKOPHCTAaHUIl Uil CTBOPEeHHs cuMeTpudHux cynepkonaeHcaropie (CCK) ta moxe 3a-
Oe3neuyBatd nUTOMY €MHIicTh ~750 @/r pu cTpyMOBOMY HaBaHTaxeHHi 2 A/r B 1M
H,SO,4 npotsirom sik miniMym 10000 nukimiB 3 BTpuMaHHsM eMHOCTI 96%. [TokasaHo, mo
Oinbin Bucoke 3HaueHHs muToMoi emHocti CCK Ha ocHoBi PAni/Gr mopiBHsHO 3
IIPUCTPOSIMH Ha OCHOBI PAni, ofep>kaHoro TpaJAnuIifHUM IUISIXOM, 0OYMOBIICHO HE TiJIb-
K MEXaHOXIMIYHHUM CIIOCOOOM OJIepKaHHs, aJie ¥ MPHUPOAOI0 BYIJIEIIEBOI KOMIIOHEHTH,
o crpusie GopMyBaHHIO crielu(piqHoI MOp(HOIIOTiT HAHOKOMITIO3HTY.

[IpoBeneno mocmimkeHHs onTHMaibHOI pobodoi Hanpyru CCK Ha ocHOBi PAni/Gr
Ta BCTAaHOBJICHO, IO HAWOUIBII CTAaOIIFHO BKA3aHWHA NMPUCTPIM TpaIfoe Mpu Hampysi
0,65 B, Tomi six 30imemenHs Hanpyru mo 1,0 Ta 1,2 B npu3BoanTs 10 BTpaTH CTaOUIh-
Hocti CCK B pesynbprati merpamanii karoxy. [lokazaHo, mo Hanokommo3ut PAni/Gr B
CCK mnposBisic BUCOKI IBHIKICHI XapaKTEPUCTHKH Ta 3/1aTE€H MPAIIOBATH MPH ITUTOMO-
My ctpymi 30 A/T 1 B TO# ke 4yac 3a0e3niedyBaT MUTOMY eMHICTb ~640 O/t (puc. 1, a), a
nuroma notyxHicTh Takux CCK Ha ocHoBi PAni/Gr moxe pocsaratu ~10 kB1/kr mpu
BeJIMYUHI mUTOMOT eHeprii ~18 Bt-u/kr (puc. 1, 6).

Hanoxomnosutu PAni 3 po3miapoBaHuMu TUCyb(inamMu MoJibaeHy i Boabdpamy —
nMoS,/PAni i nWS,/PAni — Oynu oxeprkaHi 3 BMiCTOM KOMITIOHEHTIB 25, 50 1 75 Bar. %.
3a momomororo meroniB TEM Ta peHTreHiBChbKOI Audpaxiiii moka3aHo, 0 TakKi HaHO-
KOMITO3HUTH SIBISIFOTH COOOIO IMOJIIMEPHY MAaTPHIIO, B CEPEANHI SKOI 3HAXOAATHCS He-
OpraHivyHi JBOBHMIpHI YacTHHKH nMoS, i nWS, posmipom Bix 10 go 100 M.
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Puc. 1. (@) 3anexuicts nutomoi emHocTi PAni/Gr Bix nmutomoro crpymy; (6)
Hiarpama Parona mist CCK nHa ocHoBe PAni/ Gr (y oy)xkax BKa3aHi MOCHIaHHS
Ha CTaTi AJIs MOPiBHIHHS XapaKTePUCTHUK).
Fig. 1. (a) Dependence of the specific capacitance of PAni/Gr on the specific current; (b) Ragone
plot for PAni/Gr based SSC. References are shown in brackets.

B pesynbraTi JOCHIIKEHHS SNEKTPOXIMIYHUX BJIACTHBOCTEH OIECp)KaHUX HAHOKOM-
MTO3WTIB SIK €NIEKTPOJIB CYIIepKOHACHCaTOpiB BcTaHoBieHo B 1M H,SO,, mo HalOimbmi
3HAYECHHSIMH HHTOMOI €MHOCTI MAarOTh HAHOKOMIIO3UTH 3 BHCOKHM BMICTOM IIOJIMEpY
nMoS,/PAni(75) i nWS,/PAni(75) — 610 1 580 &/r, BixnosinHo.

B pesynbraTi mochimKeHHS IIBHAKICHUX XapaKTEPHUCTHK OJEPKAHUX HAHOKOMIIO-
3UTIB BCTaHOBJIEHO, 110 NMo0S,/PAni i nWS,/PAni MOXyTh MaTH HE TUJIbKH BHCOKY ITH-
TOMY €MHICTb, aJie il 3JaTHICTh (YHKIIIOHYBAaTH IIPU BUCOKHX CTPYMOBHX HaBaHTa)KEH-
Hax 10 20 A/r, 3a0e3nedyBaTH MUTOMY €MHICTh 10 430 ®/r y Bunagky nMoS,/PAni(75)
ta 355 ®/r y Bunagky nWS,/PAni(75). TecryBanHs (YyHKIIOHAIbHUX XapaKTEPHCTHK
ctBopernx CCK mpu pobouiii Hampysi 0,8 B mokazano, mo nutoma emuicte CCK Ha
ocHoBi nWS,/PAni(75) moxe nocsiratn 4,1 kBT/kr mpu BenmuuuHI MUTOMOI eHeprii
~23,5 Bru/kr.

Ha ocHOBI DaHUX IMKJIIYHOI BOJBTaMIICPOMETPIi 3pOOJICHO MPHITYIICHHS, 10 CTa-
oimeHicTs CCK Ha ocHOBI HaHOokoMno3uTiB NMoS,/PAni i nWS,/PAni npu Bka3zaHii
poOouiit Hampy3i Moxe OyTH 00yMOBIIeHa 3HAYHUM 3MIIICHHSAM MOTEHIIATy PEeIOoKC Tie-
pexony PAni y cTaH mepHirpasiiginy B 001acTs OLTBIT BUCOKHX IOTEHIIIANIB, IO MOXKE
OyTH MOB’s13a2HO 13 B3aEMOJIIEI0 MAKPOMOJIEKYJI MOJIMEPY 3 JBOBUMIPHUMH YaCTHHKAMHU
HEOpraHiYHUX KOMIIOHEHTIB BKa3aHUX MaTepiaiB.
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Oleg Posudievsky, Olga Kozarenko, Vyacheclav Dyadun, Vyacheslav Koshechko, Vitaliy Pokhodenko

MECHANOCHEMICAL PREPARATION AND ELECTROCHEMICAL PROPERTIES
OF NEW HYBRID NANOCOMPOSITES BASED ON 2D-STRUCTURES
AND POLYANILINE AS ELECTRODES FOR SUPERCAPACITORS

L.V. Pisarzhevsky Institute of Physical Chemistry of the National Academy of Sciences of Ukraine;
Nauki Ave., 31, 03028 Kyiv, Ukraine, e-mail: kozarenko-olga@ukr.net

Conductive nanocomposites based on polyaniline in the state of emeraldine base and graphene (PAni/Gr)
were prepared by cheap and efficient mechanochemical method. PAni/Gr based electrodes are able to provide
the specific capacitance of ~750 F g” at 2 A g in symmetric supercapacitors (SSC) and stably cycle at the
operating voltage V= 0,65 V for 10,000 charge-discharge cycles with 96% capacitance retention. PAni/Gr
based SSC possessed improved self-discharge, showed high rate capability, and the specific power of such
SSC could reach ~10 kW kg™ at the specific energy of ~18 W h kg™

Hybrid nanocomposites with different composition based on polyaniline (PAni) and exfoliated MoS, and
WS, were prepared by a mechanochemical method and studied as electrodes of the symmetrical supercapa-
citors (SSC). It was shown that specific capacity of such materials can be 600 F/g and specific power of SSC
based thereon can reach ~4,1 kW/kg at specific energy of ~23,5 Wh/kg.

Keywords: nanocomposites, polyaniline, graphene, molybdenum disulphide, tungsten disulphide,
mechanochemistry, supercapacitor.



Cexkyis 2. Ximiuna enepeemuxa ma mexniyHa e1eKmpoximis 223

VK 541.136

Banepiii KYBJIAHOBCbKHH', Hamanis I'TOBA’, Bacuns HIKITEHKO',
€szen BAFEHKOB', IOpiiit IIMATOK’®

AOCIIKEHHSI EJIEKTPOXIMIYHUX ITAPAMETPIB TOHKHUX ILJTIBOK
OJIOBA K AHOAHUX MATEPIAJIIB JITIM-IOHHUX AKYMVYJIATOPIB
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B cydacHux mMozensx nitid-ioHHUX akymyunsTopiB (JITA) sik aHoaHuMEt Marepian mu-
POKO BHUKOPHUCTOBYEThCS Tpadir, sAKkuil 3abe3meuye OUIbIe THCAYI 3apsa-pO3PSIHUX
uKIiB. [IpoTe aHOM HA OCHOBI ByIJIIEBUX MaTepialliB HE 330BOJIBHSIOTH PsITy BUMOT,
OCKiJTbKM MAOTh HEBHCOKY MHTOMY €MHicTh (372 MA‘TOA'T '), HEBHCOKY IIBHAKICTH
PO3psiy Ta BITHOCHO BY3bKHH TeMIIEpaTypHUI iHTepBai excruryaTamii [1].

Po3poOka HOBHX ENEKTPOMHUX MaTepialiB, MO 3a0e3MEUyOTh BUCOKI 3HAUCHHS ITTH-
TOMO{ €MHOCTI Ta TYCTHHHU CTPYMY PO3DSIY, € aKTyaJIbHOIO. SIK MOXIIMBA alnbTepHATHBA
BYTJICIIEBUM MaTepiajiaM IPOIIOHY€EThCS BUKOpHcTaHHs Y JIIA TOHKHX €NeKTpOIiTHIHNX
TUTIBOK OJI0BA, 200 CIUIaBiB OJIOBA 3 HiKEIEeM, MiJII0, KOOAIhTOM, BICMYTOM, CYpMOIO [2].

OnuH 3 HAWIPOCTINIMX 1 KOHTPOJIHLOBAHUX CIIOCOOIB OTPUMAaHHS MOKPHUTTIB MeTa-
JJaMU Ta CIUIaBaMH, 10 JO3BOJISIIOTH KOHTPOJIOBATH iX CTPYKTYpy ¥ (YHKIIOHAIBbHI
BJIACTHBOCTI, — EJIEKTPOXIMIYHE OCA/KCHHS 3 BOJHHMX PO3YMHIB KOMIUIEKCHUX CIIOJYK
[3, 4]. ABropamu [5, 6] 0OrpyHTOBaHO BHOIp JIraHIiB A1 KOMIUIEKCHHX €JICKTPOJITIB,
110 JTO3BOJISIE YHPABIISITH IajbMyBaHHSIM €IEKTPOIHOIO MPOIECy a, OTKE, CTPYKTYpOIO
Ta (pyHKIIOHAIEHIMH BIACTUBOCTSAMH OJICP)KYBaHUX TIOKPUTTIB.

TTOKpUTTS 0JI0Ba OCAKYBAIH HA MiZHY, HikeneBy dombry mosepxueio 1,0 cm” 3 3a-
IIPOTIOHOBAHUX KOMIUIEKCHUX (mipodochaTHOro, TapTpaTHOTO, IUTPATHOTO Ta IIUTPAT-
HO-TPHUJIOHATHOTO) €1eKTPOoiTIB [7, 8] mpotsrom 5—40 XB 3a T'yCTHHH ITOCTIHHOTO CTpY-
My 0,10-0,50 A-am > Ta Temmeparypu 30—60°C. SIk aHOJ BHKOPHCTOBYBAIH OJNOBO Ta
IUTATHHY.

[ToBepxHIO 3pa3KiB 3a3maNeriap 3HEKHUPIOBAIH, TPABIJIH, aKTHBYBAJIH 3a CTaHIApT-
HOIO METOAMKOI. Mop(¢oJIorito MOKpHUBiB BUBYAIH HA CKaHIBHOMY EIEKTPOHHOMY MiK-
pockomi “Superprobe-733” (JEOL, fmonis) 3 peHTreHIBCBKHM MiKpoaHali3aTopoM 3a
MPUIIBUANTYBANbHOI HanpyTH 25 KB 1 pacTpoBoMy enekTpoHHOMY Mikpockori PEM 101.

EnexTpoxiMi4Hi JOCHIIPKEHHS! MPOBOAMIN B CKJISIHIA KOMIpI, SIKa TEPMETUYHO 3a-
KpHBaJIacs Ta MiCTHJIa POOOUHIA 1 JTITIEBI ENEKTPOIH — MOPIBHAHHS U fonoMixuuit y 1 M
pozuuni LiClO, y cymii eTuiieH — Ta JUMETHIKapOOHaTy B criBBigHOIIeHHI 1:1 (3a Ma-
coto). [loTeHuionMHaMiuHi Ta TanbBaHOCTATHYHI BHIIPOOM BHUKOHYBAJIN B CyXHX pyKa-
BHUHHX Gokcax mpu 25+2°C 3a mBuakocti posroptku 0,5 i 2,0 MB-¢™' Ha motenmiocTari
“Potentiostat P-30” 3 Buxopucranasam moxayist “Y3P 0.03-10” B intepBani Hanpyr —1,1 —
0,1 B.

Peszynsratn CEM 1 TEM — mikpockomii cBif4aTh, M0 OTpHMaHi 3 KOMIUIEKCHUX
€JIEKTPOJIITIB MOKPUTTS 0JIOBA € PIBHOMIpHI, 100pe cOpMOBaHi Ta MIIFHO yIAaKOBaHi 3
po3mipom kprctamiB 0.5-2.0 UM i He MICTSTh CTOPOHHIX BKJIFOUCHb.
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Puc. 1. 3anexHicTh MUTOMOT EMHOCTI CJIIEKTPOJITHYHUX TUTIBOK OJIOBA, OTPUMAaHUX
3 emextponiTis: 1, 2 npu crpymi ruxmysanns 0,3 MA-eM 2 (a) i 1, 3, 4 npu crpymi
wukryBanms 0,2 MA-cM 2 (6) Bi HOMepa KTy
Fig. 1. Specific capacity Q of electrolytic tin films deposited from various electrolytes at
a cycling current of (a) 0.3 and () 0.2 mA cm™> vs. the cycle number N

BenmuuHu cTpyMiB MiKiB iIHTEpKASIi — JSIHTEPKAISIIIL JITIF0 B 0JIOBO, K€ OTpUMa-
HO 3 KOMIUIEKCHHX €JIEKTPOJIITIB, 3MEHIIYIOThCS B 3aJIEXKHOCTI Bil IPUPOIH JIraHgy B
nocnigoBHOCTI: tart’” < citr’™ < edta* 10HH, SIKa y3TOKYETHCS 3 MiIBUIICHHSIM B JAHOMY
psni crilikocti koMrutekcis onosa (II), mo yrBoprototees [9]. Lle no3Bosisie MpUITyCTHTH,
110 IPUPOJIa ENEKTPOXIMIYHO aKTUBHOTO KOMIUIEKCY, IO PO3PSIKAETHCS HA EJICKTPOIi,
CYTTEBO BIUIMBA€ HE TUIBKM Ha BHXIJ OJIOBA 32 CTPyMOM, MEXaHI3M IIpoliecy, ane W Ha
MOp(GOJIOTiIo, 30KpeMa pO3MipH YacTWHOK, IMUIBHICTh iX YIIAKOBKH Ta ENEKTPOXIMIdHI
XapaKTEePUCTHKH IUTIBOK OJIOBA, a, CaMe, iX CTIHKICTh, BEIMYMHY NMATOMOI €MHOCTI Ta
e(eKTUBHICTD iX HUKIyBaHHS B allPOTOHHUX PO3YMHHUKAX Y JNITIEBUX JPKEperax CTPyMy
[7, 8, 10].

HaiiGinbin cTabinshi emuicHi xapakrepuctukn (400-500 MA Toa T ') B yMOBax iH-
TepKaAIALIl — ACIHTEPKAJSAIII JITII0 BIACTHBI IUIIBKAM OJIOBA, SIKI OTPUMAHO 3 IMTPAT-
Horo enektpouity [10], ocKinbKM KOHCTaHTa CTIHKOCTI nuTparHoro komuiekcy Sn (II),
Ma0yTh, 00YMOBIIFOE ONTHMAIIBHY MTOPHCTICTh TIOKPUTTIB OJIOBA.

[IpoBeneHO MOCIIPKEHHS BIUIMBY IIIJIBHOCTI CTPYMY Ta TPHUBAJIOCTI €JICKTPOJI3y B
nipodocdaTHOMY €NEKTPOIITI HA ENEKTPOXIMIYHI XapaKTEPUCTHKHU IUIIBOK 0JI0Ba B elle-
MEHTaxX JUCKOBOI KOHCTpPYKIIii (rabaputiB 2016) 3 MPOTHUEIEKTPOIOM 3 METAICBOrO JIi-
Tito B 1 M po3umnHi bic-(tpudropmeran)cynbhoniminy mitito (LiTFSI) B cymint po3zunn-
HUKIB (propeTHiIcHKapOOHATY Ta TUMETWIKapOOHATY, B3ATHX B MacOBOMY CHIBBiIHO-
meHHi 1:3. YcraHoBieHO, 0 301UTBIICHHS TOBIIIMHM TUTIBOK OJIOBA CYTTEBO IMIABHUIIYE X
MUTOMY €MHICTh. [l0Ka3aHo, 10 Ipolec IHTePKAJAMil — IeIHTePKAIALI JITIIO MPOTIKae
HE Ha TIOBEPXHI €JIEKTPOAa, a Mo BCi TOBIMIMHI TUTiBKH, 10, MAOYyTh, 0OYMOBJIICHO OIITH-
MAaJIBHOIO TIOPUCTICTIO OTPHUMAHUX €JIEKTPOIITHIHUX TUTIBOK OJIOBA.

CriekTpu iMIIETaHCY CHCTEMH JI0 ITUKITYBAHHS Ta ITiCIs IIEPIIOTO UKy CBiT4aTh, 0
OTpUMaHI TUTIBKM OJIOBA, 3/1aTHI 0e3 MEXaHIYHOTO pyHHyBaHHS 3a0e3ledyBaTH BHCOKI
IiTEHOCTI 3apPsI-PO3PSIHOTO CTPYMY, MAIOTh BHCOKY THTOMY e€MHicTb (750 MA -Trox-T '),
110 T03BOJIUTHh BUKOPUCTOBYBATH iX K aHOHI MaTepial JiTilH-lIOHHUX aKyMyJISITOPiB.
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Valeriy Kublanovsky', Nataliya Globd®, Vasyl Nikitenko', Evgen Babenkov', Yurii Shmatok’
INVESTIGATION OF ELECTROCHEMICAL PARAMETERS OF THIN FILMS OF TIN
AS ANODE MATERIALS FOR LITHIUM ION BATTERIES
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2Joint Department of Electrochemical Energy Systems, Ukrainian National Academy of Sciences,
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Electrodeposited tin films, obtained from complex (citrate, tartrate and citrate-trilonate) electrolytes, have
been investigated by the methods of potentiodynamic and galvanostatic cycling in an aprotic ethylene carbona-
te — dimethyl carbonate solvent. It has been shown that the nature of ligand affects greatly the electrochemical
characteristics, the specific capacity of tin films and the efficiency of their cycling in lithium current sources.
The most stable electrochemical characteristics and charge-discharge conditions are peculiar to tin films
deposited from a citrate electrolyte. The specific capacity of these films in the first cycles is 500 mA-h-g™' and
decreases subsequently to 400-420 mA-h-g™' during cycling, which corresponds to a loss 1.1-1.3 % within a
cycle.

Key words: electrolysis, complex electrolytes, tin films, capacity, reversibility, cycling.
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BukoHaHi OCTaHHIM YacoM JIOCIIKCHHS IMOKa3alld, M0 MPUBaOIUBI MEPCIEKTUBU
OTPUMaHHS TYTOIUTABKUX METANiB CTPATEriqHOrO 3HAYCHHS, TAKHX SK LUPKOHIH, TUTAH
TOIIO BiIKPHBAE MpoIiec Oe3MOCePEqHBOTO EIEKTPOXIMITHOTO BiTHOBICHHS iX OKCHIIB B
po3mnaBieHux enekrporitax [1, 2]. Ykpaina mae oqHi 3 HAWOUTBIIMX B CBITI MOKIIAZIB
UPKOHIEBOI Ta THTAHOBOI CHPOBUHM, aJjie BIACHOI TEXHOJOT1l BIITyYeHHs 3 Hei MeTaliB
He Mae. 3 OrJIsAy Ha e po3poOKa Ta OCBOEHHS HOBHX IIPOIIECIB OTPUMAHHS TYTO IJIaB-
KHX METaJIB € aKTyaJIbHOI0 HAYKOBO-TEXHIYHOIO MPOOIEMOIO.

3riiHO BIIOMUM TEXHIYHUM pilleHHsM [1, 2] OKCHAM TYroOIIaBKHX METaJliB INepen
BIJIHOBJICHHSIM TPaHYJIIOIOTH 3 MOXITHUMH IOJIBIHIJIOBOTO CIUPTY YW TIOJII€THIICHTJII-
KOJTI0 200 3 LENI0I03010, PO3YMHEHUMH B CYMIllll €TaHOJIy Ta AieTHIOBOrO edipy, a mo-
TiM OOMAIIOIOTH NPU BUCOKUX TeMIIEpaTypax Ta MiJAal0Th eNEKTPOIi3y B PO3ILIABICHIH
CyMIIlli XJIOpUTy Ta OKCHUAY KaJIbLIiIO.

B naHoMy HOBiOMIICHHI HaBEJCHO pe3ylbTaTH JOCTIIKEHb [3], sKi MOKa3yoTh, M0
BiTHOBJICHHSI OKCHJIiB MO)KHa 3IiI{CHIOBAaTH, MUHAIOYN CTaMii ITOTIEPEeTHBOI MiATOTOBKH,
SIKIIO JUTA I[HOTO BHKOPHCTOBYBATH KaToJA B pimkoMmy craHi. Ha mpukmami emexTpoxi-
MIYHOTO BiJHOBJICHHS IIOKCHAY LMPKOHIIO TOCTI/DKEHO BIUIMB YMOB €JEKTPOJI3y Ta
CKJIaly pO3IUIaBy Ha CTYIiHb BWIIyYEHHS LUPKOHiI0. [ BiXHOBICHHS BHKOPHCTOBY-
BaJIM JIOKCH/] IIUPKOHIO KBATi(iKaIlil «41a» MOHOKITIHHOT MOoau(iKaIlii 3 po3MipoM yac-
TUHOK He OutbimM 3a 30 MkM. JlaHuii peaktuB MicTuB He Menme 99,5 mac.% ZrO, +
HfO,, a Takox gomimku: TiO, <0,01; SiO, <0,03; Fe,05 <0,01. Sk enekrpomit A0CTiA-
KyBany HacTynHi posmasieHi cymimi CaO-CaCl-LiCl; CaO-CaCl,—KCI; CaO-
CaCl,—NaCl ta MgCl,—NacCl; LiCl-MgCl,; MgCl,—KCl.

Ha Bigminy Bix Binomoro npouecy (FFC Cambridge process) [1, 2] 3anpornonosaHo
[3] enexrpoximiuHe BiTHOBIICHHS MIOKCHIY ITUPKOHIIO 3IMCHIOBATH HA PIIKOMY Tajie-
BOMY KaToJli, MUHAIOYU CTAJiI0 IOMEpeaHbOl MiArOTOBKY, 0 BKIIOYAE IPAHYIIOBAHHS
Ta crikaHHA. [amiif Mae qyxe HU3BKY Temrieparypy miaBieHHs (29,8°C) ta qyxe BHUCO-
Ky Temreparypy kKumiHas (2204°C), cXumpHHNA 10 TIepeoXooKeHHS. B iHTepBai Tem-
nepatyp 600-900°C, mpu sSKuX BiZOYBa€ThCSA ENEKTPOXIMIYHE BITHOBICHHS IOKCHIY
LUPKOHIiIO, BIH HE BHUIIAPOBYETHCS, HE B3a€EMOJIE€ Hi 3 KOMIOHEHTaMH OKCHJIHO-XJIO-
PUIHOTO PO3IUIABY, Hi 3 TIOKCHIOM IHUPKOHIIO, Hi 3 HUPKOHIEM. Pimkwuii ramieBuit kKaToq
3a0e3nedye HE TUTBKM HAIIMHWN KOHTAaKT 3 MIOKCHIOM HHPKOHIO, aie i CIPHUATIHBI
YMOBH JJIs1 HOTO BiHOBIEHHA. [1I1011a KOHTAKTY TaTi€BOTO KaToxy 3 ApiOHOIMCIIEPCHUM
OKCHJIHHUM TOPOIIKOM HabaraTto OuIbIIa 3a IUIONIY KOHTAaKTy T'PaHyJIbOBAaHOTO Ta CIie-
YEHOTO MIOKCHAY LUPKOHIIO 3 TBEPAUM CTpyMOBiaBozoM. Lle 3abe3reuye ioro OimbI
PIBHOMIpHY KaTO/HY MOJISpU3alilo. 32 paxXyHOK MEHIIOT MUTOMOI MacH JiOKCH IIUPKO-
HIIO0 3HAXOJUTHCS Ha MOBEPXHI TrajlieBOro0 KaTtony, KOHBEKTHBHHUH pyx sikoi (eekT Ma-
paHroHi) 3abesnedye OUTBII IHTEHCHBHHMI MacoOOMIH Ha MeXi po3ziny da3 i BuaaneHHs
IIPOJYKTIB BiJHOBJICHHS 13 30HU €IEKTPOIHOI peakuii. [IpoaykTH enexTposizy 3a Takux
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YMOB HE OJIOKYIOTH Hi TIOBEpXHIO JIOKCHIY LIMPKOHIIO, Hi HOBEpXHIO KaToay. L{upkoHii,
SIKUA YTBOPIOETHCS TIPH BiHOBIICHHI, 3aBISKU OUIBIIIN MUTOMIA Maci ociiae Ha THO
€JIeKTPOJIi3epa, 3HAXOAUTHCS i MApOM Talifo, IO 3aXUIIae HOTo B B3aEMOIi 3 KOM-
MOHEHTaMU PO3ILIABICHOTO eaeKTpoutiTy. KpiM Toro, 3aBsiki yTBOPEHHIO CILIABIB, PO3-
PSR KaTiOHIB METaNiB Ha PIKUX KaTolaX MPOTIKA€ TPH OUTBII TO3WTHUBHHUX ITOTCH-
miajax, HiX Ha TBEpIuX iHaudepeHTHNX KaTohax. JlaHa oOCTaBUHA CTIPHs€E 3MEHIIIEHHIO
MUTOMHUX BUTPAT €ICKTPOCHEPTii.

Ilig mgi€ro eMeKTPUYHOrO CTPYMY 3 PO3ILIABICHOrO CJICKTPOJIITY Ha KAaTOMI CIIOYATKY
PO3PAIKAIOTECS KATIOHM METalliB 3 HAHOUIBII MO3WTHBHUM TOTCHIIATOM (MarHiu,
KanbIiit a60 Hatpiit cymicHo 3 kanbuiem) M" +ne — M, (n=2 a6o 1). Meran, mo Bumi-
JIUBCSI HA KaTOJI1, BITHOBJIFOE OKCHJ] METaNy (B JAHOMY BHUIMAJKY TIOKCHI IIUPKOHIIO):

ZrO, + 2Ca(Mg) — 2Ca(Mg)O + Zr, abo  ZrO,+ 4Na — 2Na,0 + Zr

AHIOHM KHCHIO TiJl Ji€I0 €JIEKTPUYHOTO CTPYMy PYXalOThCS IO aHOOy, NI PO3psi-
KAIOTHCS 3 YTBOPEHHSM KHCHIO Ta OKCHIB ByIJIEIO (Ha rpagiToBOMY aHO/i), a KaTioHH
MeTally-BiJTHOBHUKA 3aJIMIIAIOTHCS Y po3iuiaBi. DOopManbHO €IeKTPOXiMiuHE BiTHOBIJICH-
Hsl JIOKCUTY LIUPKOHII0 MOYKHA MPEICTAaBUTH CXEMOIO:

ZrO, > Zr + O,,

110 He repeadayae y4acTi KOMIIOHEHTIB PO3IIIaBYy B CICKTPOJHNX PEAKIIisX.
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Puc. 3anexHICTh CTYNEHIO BITyYEeHHS [IUPKOHIIO 13 JIOKCHAY IUPKOHIIO B PO3ILIaBaX:

1 — CaO-CaCl,-NaCl, 2 — CaO-CaCl,-LiCl, 3 — MgCl,-NaCl, 4 — MgCl,-KCl, 5 — MgCl,-LiCl
Bia rycTuHH cTpyMy (a) npu ¢ = 700°C, Ta Bin Temneparypu (6) mpu i = 0,8 A/em?, Q =3,8 A-rox
Fig. Dependencies of the degree of zirconium extraction from zirconia on the current density (@)

at £ = 700°C, and on the temperature (b) for i = 0.8 A / cm’, Q = 3.8 A h in melts:

1 — CaO-CaCl,-NaCl, 2 — CaO-CaCl,-LiCl, 3 — MgCl,-NaCl, 4 — MgCl,-KCl, 5 - MgCl,-LiCl

AHani3 oTpuMaHHX pe3yJIbTaTiB M0Ka3aB, 10 HACTIPAB/l KaTIOHHUI CKJIaJ pO3IUIaBYy
BIUTHBA€ Ha CTYIiHb BUIIYYEHHS TYTOILIABKOrO MeTany. BcTaHOBIEHO, IO CTYMiHb Bil-
HOBJICHHS TIOKCHAY LUPKOHIIO THM BUILMH, YAM BHILA KUCJIOTHA CHJIAa METally, KUl Ho-
TO BIZHOBIIIOE Ta MCHIIA 3arajbHa KHCIOTHA CHJIa PO3ILIABICHOrO EJCKTPONITY (IHUB.
puc.). B posmmaBax 3 MEHIIOI0 KHCIOTHOIO CHIIOIO PEECTPYIOTHCS OUNBIN 3HAYCHHS
JeTnospr3anii KaTOAHOTO MPOoLeCy, BEIMYNHHU SKHX NPONOPLiHHI aKTHBHOCTSAM MeTaly-
BiJITHOBHHMKA JIIOKCU/1y IUPKOHIIO B KATOHOMY CILIaBi.
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KucnotHy cmity kaTioHIB Ta pO3IUIaBiB, 3 SIKMX BOHU CKJIAJaloThCs, OLIHIOBAIN 32
piBHsHHSIM Z =z — 7,7y + 8, ne z — 3apsin KarioHa, ¥ — HOTO pajiyc, Y — eleKTpOHera-
TuBHICTB[4]. [laHe piBHAHHSA BpaXxoBYye SK 10HHY, TaK i KOBaJCHTHY CKJIAJOBY 3B'S3KY
MiX KaTiOHOM 1 aHIOHOM.

He3anexHo Bif ckiagy po3IDIaBIeHOI €IEKTPOIITHOI CyMillli y BCiX BUIIAIKaX HA Ka-
TOJIi OTPUMYBAIH IPiOHOIMCIIEPCHUH MOPOIIOK YOPHOTO KOIBOPY 3 CEPEeNHIM PO3MipoM
qacToK 1-3 MKM, SKMi 3a pe3ynbTaTaMH XiMIYHOTO aHajii3y mictuB He MeHIe 99,9 %
UPKOHII0. 3a pe3yibTaTaMi PeHTTeHO(]a30BOro aHalizy B OTPUMAHOMY NMPOAYKTI Bif-
HOBJICHHSI CIIOJTyKH IIMPKOHIO 3 KHCHEM HE BUABJICHI. BiqMmideHo, 110 THTOMa IMOBEPXHS
OTPUMAHOTO ITMPKOHIEBOTO MOPOIIKY, TUTOMHI 00’€M MIKpOIIOp Ta iX cepenHiil paniyc
3MEHIIYIOThCS 31 30UIBLICHHSIM TYCTHHU CTpyMy. He3Baxkaiouu Ha Te, 0 B KOXKHOMY
JOCTIII Yepe3 KOMIpKy OyJio MpOMyIeHO 3HAYHO OLIbINY KiTbKICTh CICKTPUKH, HIXK Ta,
sKa 32 PO3paxyHKaMH MOTPiOHa /ISt TOBHOTO BiJTHOBJICHHS 3aBaHTA)KEHOTO Ha KaTOA Jii-
OKCHJYy LHUPKOHIIO, CTYMiHb HOT'O BiJJHOBJICHHS B PO3ILIaBi 3 HalMEHIIOK KHCIOTHOIO
cmioro (CaO-CaCl,~NaCl), He nepesutryBas 77,0%. Lle moxe OyTi 00yMOBICHO pO3YUH-
HICTIO BHXIJHOTO IIOKCHAY IHUPKOHII0 B PO3IUIABICHUX CIEKTPONITHUX CyMiIIax. Xa-
paKTep 3aJIeKHOCTI CTYNEHIO BIIyYEHHS LUPKOHIIO BiJ] TYCTHHH CTPYMY B pO3ILIaBax
PI3HOTO KaTIOHHOTO CKJAAy IPH PI3HUX YMOBAaxX €JCKTPOJI3y CBIIUUTH MPO CYTTEBUI
BHECOK CTaJlii METaJOTepMIYHOTO BiTHOBJICHHS y 3arajIbHAH EIeKTPOIHUH IIPOIIeC.

1. Chen G. Z., Fray D. J., Farthing T. W. Direct electrochemical reduction of titanium dioxide to
titanium in molten calcium cloride // Nature. —2000. — Vol. 407. — P. 361-364.

2. Fray D. J., Farthing T.W., and Chen Z., Removal of oxygen from metal oxides and solid
solutions by electrolysis in a fused salts // International Patent, PCT/GB99/01781, W0O99/
64638 —1999.

3. Owmenvuyx A.A., Tpuyau JIB., Caguyx P.H Cnoci6 opepaHHS IMPKOHIIO €IEKTPOII30M
posmnasis // [Tatent Ykpaiau Ne 111779. Ony6a. 11.04.2016, bron. Ne7.

4. Zhang Y. Electronegativities of Elements in Valence States and Their Applications. 2. A Scale
for Strengths of Lewis Acids // Inorg. Chem. — 1982. — Vol. 21. — P. 3889-3893.

Anatoliy Omel’chuk, Larisa Gritzay

ELECTROCHEMICAL REDUCTION OF REFRACTORY METALS IN MOLTEN
ELECTROLYTES

V.1 Vernadskii Institute of General & Inorganic Chemistry of the Ukrainian National Academy of Sciences,
32/34 Palladin Ave., 03142 Kyiv, Ukraine, e-mail: omelchuk@ionc.kyiv.ua

The results of electrochemical reduction of zirconia in molten electrolytes of different cationic
composition under different conditions of electrolysis are given. In contrast to known processes, it is proposed
to use a liquid gallium cathode for recovery of refractory metal oxides. Mixtures based on calcium and
magnesium chloride were investigated as molten electrolytes. It was found that the recovery product is finely
divided zirconium of the 99.9% purity. The degree of recovery is higher with the higher acidic strength of
the reducing metal involved in the electrode process and with the lower total acidity of the molten
electrolyte

Key words: refractory metal oxides, zirconium oxide, electrochemical recovery, molten electrolytes
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BIIJINB CUHTE3Y HAHOPO3MIPHUX IIVIATHHOBUX KATAJII3ATOPIB
HA EJJEKTPOXIMIYHI XAPAKTEPUCTHUKH MMAJIMBHOT KOMIPKH

ITnemumym 3azanvhoi ma neopeaniunoi ximii im. B.1. Bepnaocvkoco HAH Yxpainu,
1abopamopin mamepiania e1eKmpoxXiMiuHol enepeemuxu,
npocn. Akademixa Iannadina, 32/34, 03680 Kuis, Ykpaina

HusbkoTeMIiepaTypHi MajiuBHI €IEMEHTH B HAIll Yac 3aJIMIIAIOTHCS MPEAMETOM aK-
TUBHHX JIOCHI/PKEHb 1 00roBOpeHb uepe3 X YHCIEHHI IiepeBard B cepi anbTepHaTHBHOT
eNEeKTPOXiMiuHOI eHepreTHkH [1, 2]. OmHi€r0 3 KIIOYOBUX MPOOIEeM IO 3aBaXkae IUPO-
KOMY BHpOBapKeHHIO naauBHUX KoMipok (IIK) € Bucoka BapTicTh 1 nediuuTHICTH OC-
HOBHHUX KOMITOHEHTiB. TOMy OCHOBHHMM 3aBJIaHHSIM IepeJl TOCTiJHUKaMK B Hill cdepi €
MIOUTYKH OiJbII JENIeBIIMX MaTtepiaiiB Ta OuUIbmI iX edekTuBHe BUKOpUCTaHHA. Edek-
TUBHICTh KaTali3aTOpiB HAPSAMY 3aJICKUTHh BiJl pO3Mipy i1 KUTBKOCTI aKTUBHUX IICHTPIB
Ha ix moBepxHi [3].

Mertoro nanoi poboTu Oyn0 CHHTE3yBaTH HAHOAWCIEPCHHH €JEKTPOKaTaii3aTop Ha
OCHOBI ByTJeneBoro Hocist — caxi XC-72, 3 MaJiM BMiCTOM IIJIATHHU JJIS1 BOJTHEBO-KHC-
HEBHX MAJIMBHUX KOMIPOK, PI3HUMH CIIOCOOAMH 3 BUKOPUCTAHHSM IOJIOJ METOJIY Ta I0-
PIBHATH KaTaliTHYHY aKTHBHICTh OTPUMAHUX KaTali3aTopiB.

Jlist cuHTE3y Karani3aTopiB BUKOPHCTOBYBAJM Pi3HI CepeoBHIIA (€THUIICHIIIIKOIb,
JTUMETHIICYIB(GOKCUT), BITHOBHUKU (OOpripuj HaTpito, (GopMaibaeria) Ta crocodu
NPOTiKaHHA peakiii (BUTpUMYBaHHS Ha BOJsIHIN OaHi, MiKpOXBHJIbOBa 00poOka(MXO)).

OTpHrMaHi eIeKTPOKaTATI3aTOPH BiTHOBJICHHS KHCHIO HAa OCHOBI TUIATHHH JIOCIIKY-
BaJIM, 33 JIONIOMOTOI0 €JIEKTPOXIMIYHMX BHMMIpIOBaHb, Ha MOJEIbHOMY 'TIaBaiodomy"
razoaudysiiitHomy enexrponi [4] (I'ZIE). Ctpym peectpyBamu mynsruMerpom UNI-T
UT-71. Sk enextpon mopiBHsHHS cayryBaB Ag/AgCl enexkrpos.

Ha puc. 1 npuBeneHi THMOBI MOJSIPU3AIliiiHI KPHUBI KaTai3aTOPiB, CHHTE30BaHUX 3
BHKOPHCTAHHSAM ETHJICHIIIIKOMO Ta popmanpaeriny apoma crnocodbamu (MXO Ta BHCO-
KoTeMIiepatypHa oopoOka). B Tabmuii 1 nmpuBeneHi KiHETHYHI TapaMeTpH eJIeKTpoKapa-
JITHYHOTO BiTHOBJCHHS KHCHIO Ha CHHTE30BaHHX Pt ejlekTpokaramizaropax, sKi MoKa-
3YIOTh MEpeBary Croco0y 3 BUKOPUCTAHHSAM CTHUJICHTJIIKOIO Ta GopManbaeriay. 3 Tad-
JIMILI BUAHO, IO PO3paxoBaHi KiHETHYHI TadeseBi KyTH HaXWly HallKpalluxX OTpHUMaHUX
€JIEKTPOKATaIi3aTOPIB BiJIHOBJICHHS 3 BUKOPHUCTAHHSM ETHIJICHIVIIKOJIIO Ta HOpMaJbJie-
rizy Marots by = 61 MB, b, = 110 MB, ctpym obMiny jo = 2.0-107 A/r.

Mikpodotopadiro {Pt (20%)/XC72}karanizatopa orpumanoro Ha LeoSupra 50 VP6
npu Hampy3i 30utpmenHs 5 kKB mpencraBieno Ha puc. 2. Ha MikpodoTorpadii BumHO,
10 YaCTKH IUIATHHU PO3MIpoM 2—5 HM 3aKpilUIeHi Ha IMOBEPXHi caxi 3 po3MipoM dac-
THHOK 50 HM. [IudpakTorpama karanizaropa OTpUMaHa 3a JOIMOMOTOK PEHTI€HiBCHKOTO
mudppakromerpa JPOH-3M (puc. 3) y CuKa -BumpomintoBanHi, Harpy3i 30 kB, ctpymi
20 MA, Kpok ckaHyBaHHA 10 KyTy A20 = 0,04, T = 3 ¢, sKa XapaKTepHa JJIs HaHOIUC-
MepPCHOT TUTATUHH.

[Toxazano, mo ckian pigkoi (a3 a TakoK METOOW CHHTE3y BIUIMBAIOTH HA KiHIIEBI
XapaKTEePUCTUKU OTPUMYBAHUX HaHOCTPYKTYpHHUX Pt/C enekTpokaranizaTtopiB IJisl BOJ
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Puc. 1. BonxprammepHi noteHmioctatndHi kpuBi Pt/XC-72 karanizaTopiB BiJHOBICHHS KUCHIO,
sastux B 0,5M H,SO, npu 20 °C va I'ZIE: 6e3 xaraiizaropa (1), CHHTE30BaHUX B €THJICHIJIIKOIMI Ta
(dopmanberiai (2), CAHTe30BaHHUX B €THJICHITIIKOIB, (hopMaibaeriai Ta 3a gornomororo MXO (3)

Fig. 1. Volt-ampere potentiostatic curves of Pt/XC-72 oxygen reduction catalysts obtained in 0.5M
H,SO, at 20° C on gas diffusion electrode (GDE): unmodified (1), synthesized in ethylene glycol
and formaldehyde (2) , synthesized in ethylene glycol + formaldehyde + microwave processing (3)

Tabamus 1. Kinetnuni napameTpy elneKTpoKaTaTiTHYHOI peakii BiIHOBICHHS KUCHIO Ha
eJISKTpOKaTalli3aTopax 3 INIaTHHU OTPUMAaHHX pi3HUMH criocobamu B 0,5M H,SO4

Table 1. Kinetic parameters of electrocatalytic oxygen reduction in 0.5 M H,SO, on platinum
electrocatalysts obtained by different methods.

Ne Karanizatop Ey, B d]zdlg] Mli Jo» AT
1 | Erunenraikons + Et. Cimpt + NaBH, 0,696 62 100 | 3.1-107
2 | AMCO + ®opmanpaeria + Et. Cimpt (U1 IPOMHUBKH) 0,742 75 109 | 6.3-107
3 | EtuneHriikons + GpopManbaeria + Mikpoxs. o0poOka 0,689 57 140 | 3.3-107
4 | AMCO + ®opmanpzerig + MiKpoxB. 00poOka 0,534 44 160 | 13107
5 | IMCO + ®opmansaerin 0,623 67 170 | 7.9-107
6 | Etunenrnikons + dhopManpaeria 0,620 61 110 | 2.0-107
7 | AMCO + NaBH,4 0,682 53 160 | 1.0-107
8 | Erunenriikoins + MiKpoxB. 00poOka 0,660 44 92 | 7.9-10°

HeBo-kucHeBuX I1K. IMOBipHO, 110 NPU BHKOPHCTaHHI Pi3HUX METONUK CHHTE3Y YTBO-
PIOIOTBCS HAHOYACTHHKHU PIi3HOTO pO3Mipy, IO BIUIMBAaE HA KATATITHYHY aKTHBHICTh
eJeKTpoKaTamizaropiB. HemoctaTHe OUHMIIEHHSI HAHOCTPYKTYPHHX €JICKTPOKATaIi3aToOpiB
MOTipIIye 1X XapaKTepUCTHKH BHACHTIIOK 3aKpWBAaHHS aKTHBHUX IICHTPIB HAa IOBEPXHI
caxi abo BHACIIIOK CKJICIOBAaHHS APIOHMX HAHOYACTHHOK B OUIBII BEJHKI (arioMepartis),
110 MTPU3BOJIUTH 10 3MEHILEHHS e()eKTHBHOT TUIOLII MOBEPXHI.

1. Reddington E., Sapienza A., Gurau B. et al. Combinatorial electrochemistry: a highly parallel,
optical screening method for discovery of better electrocatalysts // Science. — 1998. —
Vol. 280, Is. 5370. — P. 1735-1737.
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Yuriy PIRSKYY, Taras PANCHYSHYN, Olexander TUPCHIENKO

EFFECT OF SYNTHESIS OF NANO DIMENSIONAL PLATINUM CATALYSTS
ON ELECTROCHEMICAL CHARACTERISTICS OF FUEL CELL

V.I. Vernadskii Institute of General and Inorganic Chemistry, NAS of Ukraine,
32-34 Palladina Ave., 03680, Kyiv, Ukraine, e-mail: pirsky@ionc.kyiv.ua

The influence of synthesis with diferent medium of nanosized platinum catalysts on their catalytic
activity in the oxygen reduction reaction have been investigated. It has been established that using different
medium during synthesis electrocatalysts are formed nanoparticles of different sizes, which significantly
influences the catalytic activity. Have been shown that the best electrocatalysts synthesized using ethylene
glycol and formaldehyde and as a direct reducing agent .

Key words: polyol method, nanosized platinum, electrocatalysts, oxygen reduction reaction, fuel cell.
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YHIBEPCAJBHUM NOTEHIIOCTAT-TAJIbBBAHOCTAT
HA OCHOBI MIKPOKOHTPOJIEPA C8051F410

Jlvsigcokuti nayionanvHuil yuigepcumem imeni leana @panxa, kagedpa ananimuynoi ximii,
eyn. Kupuna i Meghoois, 6, 79005 Jlvsis, Ykpaina, e-mail: mtech lab@ukr.net

[ToTeHIiOCTaTH-TabBAHOCTATH € YHIBEPCAJbHUMH TMPWIAJaMHU ISl eJEKTPOXiMid-
HUX JOCII/KeHb Ta aHalli3y. 3HAuHI JOCATHEHHS y Tally3sX €JIEKTPOHIKU Ta MpUIano-
OyayBaHHS NPHUBENN 10 MOSBU CyYacHUX KOMII' IOTEPHU30BaHMX MMOTEHIIOCTATIB, 00a-
HaHUX [IBUAKOAiFoUnMH [udpo-aHaroroBumu (IJAIT) ta anamoro-mmdppoBuME Tepe-
TBOptoBayamu (ALIIT). Ongnak Take oONamHAHHS € MAaJOJOCTYHNHHM JUIS BITYM3HSIHHX
HabopaTopiif, Oockimpkn B YKpaiHi HOro He BHUPOONISIOTH, a BapTICTh BIAMOBITHUX
MpUJIaiB iHO3EMHOTO BUPOOHHUIITBA cATae AeKinpkox THcsd ponapis CIIIA. Boxnouac,
BPAaXOBYIOYH JOCTYIHICTh €IEKTPOHHUX KOMIOHEHTIB, 3 SIKHX BHUTOTOBJISIOTH BHUMIpPIO-
BallbHE OOJIAHAHHS, NOIIBHOIO € CaMOCTiliHa po3poOka BiAMOBiAHHMX mpwmiIamgiB [1].
Mera Hamoi mpani — po3poOHMTH YHIBEpPCAIbHHH MOTEHIIOCTAT-TabBAHOCTAT 3
Jiara30HOM TMOTEHIliaIiB po00Yoro enekrTpoaa +5 B Ta m’sTbMa giana3oHaMu CTPyMy,
Big +1 1o £100 MA, i mporpaMHe 3a0e3nedeHHs s IEPCOHATBHOTO KOMIT F0Tepa, SKe
JIaCTh 3MOTY OIEpaToOpy CaMOCTIHHO (hOpMyBaTH aJroOpuTM POOOTH MpHIIALY.

OcHoBoto po3pobnenoro npuinaxy MTech PGP-410-2 (puc. 1) € mikpokoHTpoiep
C8051F410 [2], sxuii kpiM IM(POBUX KOMIIOHEHTIB MICTHUTH IOTY>KHY aHaJIOTOBY
nepudepiro: 12-pospsanuit AL 3 MmynsTunziekcopoM Ha BXoai, aBa 12-po3psiaai LIATT
CTPYMOBOTO THITY, KOMIIapaTOPH, PKEPENIO ONOPHOI HAaNpyrH Ha 2,2 B Ta BMOHTOBaHMH
TakTOBUU reHepaTop Ha 24,5 MI'L.
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Puc. 1. Cnpomiena enekrpuyna cxema ta poro MTech PGP-410-2
Fig. 1. Simplified electrical circuit and photo for MTech PGP-410-2

Ilepemukau S1 BiamoBimae 3a KoMyTarilo (IiAKIIOYCHHS/BITKIIOUEHHS) CTPyMY.
Konu BiH BigkiIIOYEHMiA, TO NpUCTpil nepeOyBae B cTaHi "HOTEHIioMeTp" (HE3aJIeKHO
BiJl CTaHy nepeMukaya S2) — TOOTO € MaCHBHUM CIIOCTEPIrayeM 3a Hampyrow (Pi3HUIICHO
norenifianis Mixk COMP i REF). Konu nepemukay S1 BKIFOUEHHI, TO MPUCTPI mepe-
OyBae B cTaHi HOTEHIIOCTAT a00 rajibBaHOCTAT, 3aJISKHO BiJ epeMukada S2.

Hampyra (pizauns norenuianiB Mk COMP i1 REF) Bumiproerscst 3a 101oMororo
iHCTpyMeHTanbHoro miacwnoBada 111 ta nepimoro kanamy ALIIL. Ctpym BEUMIpIO€ETbCS B
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Koiti po6odoro enekrpora (WORK) nuisixom BUMIprOBaHHS cIiajy Hamlpyrd Ha MpeLu-
3iiHOMy pesuctopi R. IlincmmoBau CII pasom 3 pesucropom R € meperBoproBauem
"cTpym-Hampyra", a BUOip MOTpiOHOTO Aiama3oHy CTPyMIB 3MIHCHIOETBCS Yepes3 BUOIp
OJTHOTO 3 IT’SATH MOXJINBUX KoedimieHTiB mincunenns JI1. 38’430k IpUCTPOIO 3 Kepyro-

goto nporpamoro Ha 1K peamizoBano uepe3 USB-mopt 3 kouBepTepom RS232-USB.
[Iporpamue 3abe3medeHHs U MEPCOHAIBFHOTO KOMIT'IOTEpa, sIKE Kepye poOOTOIo
NpUIIaay Ta Bidyali3ye pe3ysbTaTd BUMIpIOBaHb, po3pobieHo MoBotw Visual Basic 5.
IIporpama € yHIBEpCalbHOIO 1 [O3BOJSE KOPHUCTYBady camomy (OpMYyBaTH BeECh
ITOPUTM BHMMIpPIOBaHb 3TiZHO IIEBHOTO NepeniKy KomaHAa. Takui miaxin ao3BoJisie
pearnizyBaTi OyIb-sIKi METOJM JOCIHIPKEHHS — MOTCHIIOCTATHYHI, TOTCHIIIOAXHAMIYHI,
rajlbBAaHOCTATUYHI, TaJbBAaHOJAMHAMIYHI, TOTCHIIOMETPUYHI Ta iXHI KOMOiHaIi Ta
MaKCHMaJIbHO aBTOMaTHU3yBAaTH JOCIiKeHH. J{J1st MpuKiIagy Ha puc. 2 IPUBEAEHO alro-
PUTM JOCHIDKEHHS XIMIYHOTO JDKepella CTpyMy

i :
. MoTeHWIDCTAT-ranbBanocTar MTech PGP-410-2 (XI[C), AKUH BKJIIOYAE BI/IMlpIOBaHHH H’f{TI/I IH/IK-

Anropumea padicri LMA iammx BOJIbTAMIIEpOrpaM 3 PO3roptkor 00—
_— ES?SDE 25> 0 B 3 nonepegHiM rajabBaHOCTaTUYHUM
Tnrpasica U-t |-t 1.0 Eve[ 00 [ 250 uroryBaHHEsM (10 ertamiB 3apsa/po3psin).

Yu aritioeTbcA BA NiCNA BaraToKPATHOMD UMKNYBAHHAT I[eTaHBHHP‘I OIMMC CUCTCMH KOMAHA NPHUBCACHO
B iHCTpYKii 10 mprtamy [1].
¥ xommgons neperpsin Po3pobnennit mpunan ycmimHO anpoOoBaHO y
et v % nekinpkox incruryrax HAH Vkpainu mpu gociin-
L : x HKEHHI HOBHX JITIEBHX JUKepET CprMy.'OIIep)KaHl
4 STAT_| -050mé; 360000.0s; <0.00V, 055 W X Pe3yabTaTu MATBEPAWIN HOT'0 XOPOIl CKCIUTya-
[— : i TalliiHI XapaKTepUCTUKH, HaIiWHICTh poOOTH Ta
I e e v 3pY4HICTh MPOrPaMHOTO 3a0€3MeUCHHSL.
9 ¥ X
1? T ; ; 1. Iayau 1.0. HoBunu naboparopii MTech. [Enex-
1 -— TpoHHHH pecypc]. — Pexum nocrymy: http://chem.
Puc. 2. TIpuknan anroputmy Inu.edu.ua/mtech/mtech.htm.
nociixeras XC 2. I'naowmeiin M.A. MUKpOKOHTPONIEPl CMEIIAHHOTO
Fig. 2. An example of the research curnana C8051Fxxx ¢upmsr Silicon Laboratories u
a]gorithm of the power source UX MIPUMEHCHUE. — M.: Nomka-XXI, 2008. — 336 c.
Thor Patsay

UNIVERSAL POTENTIOSTAT-GALVANOSTAT BASED ON MICROCONTROLLER C8051F410

Ivan Franko National University of Lviv, Department of Analytical Chemistry,
Kyryla i Mefodiya Str., 6, 79005 Lviv, Ukraine, e-mail: mtech_lab@ukr.net

Universal potentiostat-galvanostat based on microcontroller C8051F410 for electrochemical investigations
has been designed. The potentiostat controls the potential between the reference electrodes (comp and ref) in
range from -5 to +5 V. The device has five ranges of measured current, from +1 to +£100 mA. The potentiostat-
galvanostat is equipped with RS232-USB converter based on PL2303 chip for communication with the
computer through USB port. Computer program on Visual Basic 5 language for operating with device,
visualization of measured curves, calculation of results has been developed.

Key words: potentiostat, galvanostat, microcontroller C8051F410, electrochemistry.



234 VIII Ykpaincokuii 3’130 3 enekmpoximii

V]IK 543.07+543.552+669:620.193
Teop ITALTAW, I20p ITOJTIOKHH’

INOTEHHIOCTAT MTECH COR-410
JIJISI JOCJIJI)KEHHS KOPO3IMHUX ITPOIIECIB

1 . o« . o . . . . o e e
Jvsigcorutl HayionansHuil yHigepcumem imeni Isana @panka, kagedpa aHanimuyHol Ximii,
eyn. Kupuna i Meghoois, 6, 79005 Jlveis, Ykpaina, e-mail: mtech lab@ukr.net

2 . . . . . . . e e
Hayionanvnuil ynisepcumem «JIvsiscoka nonimexuixay, kagheopa ananimuunoi ximii,
nn. Ceamoeo IOpa, 9, 79012 Jlvsis, Ykpaina, e-mail: igor_polyuzhyn@ukr.net

BonsTamnepomerpis HaJeXHUTh 10 €(pEKTUBHUX METOIB JOCIIJUKEHHS KOpPO3iHHOI
CTIMKOCTI MeTalliB. BonbramMiiepoMeTpiyHO BU3HAYAIOTh MOTEHIIANN Ta CTPYMH KOpO3ii,
a eKCTPATOJIAII€0 TadeliBCHKUX UTTHOK MOJSPU3ALIHIX 3aIeKHOCTSH MOKHA OLlIHU-
TH MIBUIKICTH KOPO3iHUX mporeciB [1, 2]. Ha puHKY HOCHiAHHIBKOTO OOJNIaAHAHHS €
YUMaJIO TPHJIAIIB JUIS BOJIBTAMIICPOMETPIl — CyJacHUX KOMIT FOTEPU30BAHUX MTOTEHIIO-
cTariB, oOMagHaHUX npenu3iiianMu nudpo-anarorosumu (LIAIT) ta anamoro-unuppoBu-
mu nieperBoproBadamu (ALIT), sanpuxman [THN-50-Pro (http://potentiostat.ru/), CORR-1
(http://www.ameteksi.com) Ta iHmi. OxHak Take OOJAAHAHHS € MAaJIOAOCTYIHHM IS
BITUM3HIHUX J1a0OPaTOPiid, OCKIIBKK B YKpaiHi iloro He BUPOOISIOTH, 8 BApTICTh BifIO-
BITHMX MpPWJIaliB iHO3EMHOTO BUPOOHUIITBA HAJATO BUCOKA. JIOCTYIHICTh E€JICKTPOHHUX
KOMITOHEHTIB, 3 SIKHX CTBOPIOIOTH BHMIpIOBaJbHE OONaHAHHS, A€ 3MOTY BUTOTOBIISITH
BiNOBiIHI nipwiaau [3].

Merta Hamioi mpari — po3poOUTH MPOCTHI MOTEHINIOCTAT 3 J[iala30HOM MOTCHITIAIB
pobouoro enekrpona +2 B ta aBoma niamazonamu crpymy — £0,5 ta £5 MA. OcHOBOIO
pozpobnenoro npuiagy MTech COR-410 (puc. 1) € mikpokonTponep C8051F410 [4].
Le#t MiKpOKOHTpOJNEp KpiM IUPPOBUX KOMIIOHCHTIB MICTHTh PO3BHHYTY AaHAJOTOBY
nepudepiro: 12-pospsaaauit ALIT 3 MmynpTuIUIeKcopoM Ha BXOIi, nBa 12-po3psani LIATL
CTPYMOBOTO THITY, KOMITApaTOPH, HKEPEII0 OMOPHOi HanpyTH Ha 2,2 B Ta BMOHTOBaHMIA
TaKTOBUH TeHepaTop Ha 24,5 MIm.

Puc. 1. Cnpouiena enekrpuyna cxema Ta ¢poro MTech COR-410:
JE — nonomixuwmii, EIT — mopiBusHHA, PE — pobouwnii enextpoau

Fig. 1. Simplified electrical circuit and photo for MTech COR-410:
IE — auxiliary, EIT — comparison, PE — working electrodes
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Puc. 2. IIporpamue 3a0e3neueHHs A1 MEPCOHAIIBHOIO KOMII I0Tepa, sIKe Kepye poOOTOI0
noreruiocrata Mmogeni MTech COR-410, B pexxumax: (@) BUMipIOBaHHS MONSAPU3ALIHHOT KPHBOT
JOCHIKEHHS KOpo3ii Ta (6) pe3ynbTary Ui HUKIIYHOI pO3TOPTKH (7 IHKIIIB).

Fig. 2. The software for a personal computer, that manages the work of the potentiostat model
MTech COR-410, in the modes: (@) — measuring the polarization curve of corrosion study and
(b) — the result for cyclic scanning (7 cycles).

Kirou S1 BimnoBizmae 3a komyTamito (IiAKITFOYCHHS/BiTKIIOYeHH) cTpyMy. Komw BiH
BiIKJTFOUEHHH, TO MPUCTPIi TpaIioe B peknuMi "MOTeHIIOMETp" i Ta€ 3MOTY BHMIpSTH
piBHOBaxHMH moTeHmian PE. 3amukanHsa kmoda S1 mepeBOAWTH MPHUCTPIH B PEXUM
"moreHIiocTat", 3a IKOTO BiH HmiATpuMye noteHnian PE, moTpiOHe 3Ha4eHHS SIKOTO 3a7a€
LIATI. BumiproBaHHs CTpyMy BHKOHaHE B KOJIi p0O0OHYOTro eNeKTPOa, a Aiana3oH CTPyMiB
(£0,5 um +5 MA) 3anexuth Bin nonoxenHst S2. [Iporpamue 3ade3nedeHHs ISl TIEpPCO-
HanpHOTO KoMt torepa (I1K), sike kepye poOOTO0 MOTEHINOCTATa Ta Bi3yalli3ye BUMIpPSIHI
BOJITAMIIEPOrpaMHu, po3podiaeHo Moo Visual Basic 5. [epen moyaTkoM BHMipIOBaH-
HS OTlepaTop 3a7a€ BUXiAHI MapaMeTpH: Aiana3oH Ta MIBUAKICTH PO3TOPTKH MMOTEHIIANY,
Jiarna3oH CTpPYMy Ta KUIBKICTh €TamiB IUKJIIYHOI po3ropTku. [licis 3aBeplieHHs BHMi-
PIOBaHb MO>KHA 3aITMCATH YM CKOIIIOBATH BOJIETAMIIEpOrpaMy B KJIACHYHHX UM JoTrapud-
MIYHUX KoopauHaTax. Ha puc. 2 moka3zaHo BikHa poOOTH NMPOrpaMHOro 3a0e3NeueHHs
s TIK B pexxumax BUMIPIOBAHHA ta PE3YJIBTAT.

ExcnepmnMmenTanbHi yMOBH ModYaTKoBHX BumnpoOyBanb mpmimaxy MTech COR-410:
poboumii enexTpox — IHCTpyMeHTalbHa cTaiub Mapku Y 10A miomero moBepxHi 1 oM’
enextpos mopiBHsHHS Mapku DBJI-1M3.1 — xmopcpioamii (3 M KCl); monmomikHuit
eNIeKTPOJl — TOHOKomapoBuil miaruHoBuid Mapku OTIIJI-01M 3 muiomiero MmoBepxHi
30 cm’; kopo3iitie cepenopuime — 1 % NaCl. ILIBuakicTh KOPO3ii PO3PaXOBYBATH 3riTHO
[5]. Ha puc.3 300pakeHO NpHKIIAA MOISIPH3aLiHHOT KPUBOI Ta 3aJIeKHOCTI JIorapupmy
T'YCTHHH CTPyMy BiJ MOTEHLIAy JUIS JOCHTIPKEHHS KOpo3ii y BKa3aHHX BHIIE YMOBax
EKCIIEPUMEHTY Ticis IepeHeceHHs AaHuxX B Tadbmmynuii mpouecop MS EXEL abo 3 no-
momororo komauau COPY, abo depes daiin nanux, orpumanuii komanmow SAVE.

Po3pobnennit morenmioctat moaeni MTech COR-410 mist mocmimkeHbp KOPO3iHHIX
MIPOIIECiB KPIM TOTO MOXKHAa BUKOPHCTOBYBATH UIS aHANI3y €IEKTPOXiMIYHIMHU METOJIa-
MH: BOJIBTAMIIEPOMETPi€r0 (KJIaCHYHA, NUKIIIYHA), XPOHOAMIIEPOMETPI€I0, XPOHOIIOTEH-
I[IOMETPI€I0, a TAKOXK /IS TOTEHI[IOMETPUIHOTO Ta AMIIEPOMETPHYHOTO THTPYBAaHHS.
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Puc. 3. [puxiaa noisipu3aniiHOi KpUBOi JOCIIIKEHHS KOPO3ii, OTPUMAaHOI 3 TOTIOMOT OO
notennioctata MTech COR-410, Ta 3aneskHOCTI J0rapudMy TyCTHHH CTpyMy Bij OTEHIiaTy
(excreprMeHTaIbHI YMOBH JIaHO B TEKCTI, NIBUAKICTD PO3TOPTKH NoTeHniary 2 MB/c).

Fig. 3. An example of a polarization curve for corrosion studies, obtained by means of the
potentiostat MTech COR-410, and the dependence of the log(current density) on the potential
(experimental conditions are given in the text, the rate of potential scan is 2 mV/s).
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POTENTIOSTAT MTECH COR-410 FOR CORROSION INVESTIGATIONS
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’Lviv Polytechnic National University , Department of Analytical Chemistry,
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The potentiostat based on microcontroller C8051F410 for electrochemical investigations of corrosion has
been designed. The potentiostat controls the potential between the working and reference electrodes in range
from -2 to +2 V. The device has two ranges of measured current — 0.5 and +5 mA. The potentiostat is
equipped with RS232-USB converter based on PL2303 chip for communication with the computer through
USB port. Computer program on Visual Basic 5 language for operating with device, visualization of measured
curves, calculation of results has been developed.

Key words: potentiostat, corrosion, microcontroller C8051F410, electrochemistry.
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BOJIbTAMIIEPOMETPUYHE BU3HAYEHHA MOPUHY
HA EJIEKTPOXIMIYHO AKTUBOBAHOMY
BYI'IVIBHO-ITACTOBOMY EJIEKTPO/I

Ooecvkuil nayionanvhu ynieepcumem imeni 1.1, Meunuxosa, kagedpa ananimuunoi ximii,
eyn Jlgopanceka, 2, 65082 Ooeca, Yxpaina, e-mail: alexch@ubkr.net

Mopusu (2'4',3,5,7-nnenTarinpokcidgiaBoH) po3MOBCIOKEHA B POCIMHHINA CHPOBHHI
CIIOJyKa, SKa BIAHOCHTHCS O KJIacy (IIaBOHOIMIB Ta MPOSBILIE IMIMPOKUUA CIIEKTp Oio-
JIOTi9HO aKTHBHOI Aii. KpiM aHTHOKCHIAaHTHUX BIaCTHBOCTEH, MOPHH BiJirpae BaXKIHBY
POJIb B 3aXHCTI EPUTPOLMTIB JIFOJAUHH, BUKOHYE MPOTH3ANANIbHY, aHTH-aTEPOCKIIEPO3HY,
AQHTUCTPECOBY (DYHKIIIIO, @ TAKOX MPOSIBIISE MPOTUBIPYCHY aKTUBHICTh. ToMy po3poOka
HOBUX, IIBUJKUX 1 YYyTJIMBHX METO/IB BU3HAYCHHS MOPHHY ISl KOHTPOJIIO SIKOCTI pOC-
JIMHHOI CHPOBHMHU € BKJIMBUM 1 aKTyaJbHUM 3aBIaHHIM €JIEKTPOAHATITUYHOI XiMil.

Hamu ontumizoBaHO yMOBHM €NEKTPOXIMIYHOI aKkTHBalil BYrUIbHO-IIACTOBOTO €JIEK-
tposa (EA-BIIE) [1], sikuif OyB yCHIIIHO 3aCTOCOBaHMH MpPU PO3poOIli HOBOTO BHCOKO-
YyTIMBOTO CEHCOpa Il BU3HAUCHHS i130Mepy MOpHHY — KBepuetuny [2]. [lana poboTa
MIPUCBSYCHA JOCITiIKeHHIO BuKoprucTanHs EA-BIIE s BombTaMIiepoMeTpHIHOTO BH3-
HAuCHHS MOPHHY.

Buxopucranas EA-BIE npu3BoauTts 10 30iIbIIeHAS CTPYMY OKHCHEHHS MOPUHY B
1.85 pa3u Ta 3CyBy NiKiB OKHCHEHHS B 00JIaCTh HEraTUBHUX MOTeHIIianiB. Ha muxumignii
BosibTamrieporpami mMopuny Ha EA-BIIE e tpm miku oxumcuHenHs npu 435, 590 Ta
1000 MB (puc. 1, a). BigcyTHIiCTh BIANOBIJHUX MiKiB BiJHOBJIECHHS CBIAYUTH PO HEOOO-
POTHMH XapakTep OKHUCHEHHS MOPHHY. 3 aHali3y 3aJeKHOCTI CTPYMIB 1 MOTEHIialiB
OKHCHEHHS MOpHUHY BiJ pH cepemoBuIa BUILIMBAE, IO MaKCUMAaJIbHUH CTPYM OKHC-
HeHHs croctepiraeThes npu pH 4, a nmporiec OKMCHEHHST CYyTPOBOKYIOTHCSI TIEPEHOCOM
€KBIBJICHTHOI KiJIbKOCTI ITPOTOHIB 1 €IEKTPOHIB. BUBUCHO BIIMB MIBHJIKOCTI PO3TOPTKA
MOTEHIia)ly HA CTPYMH OKHCHEHHsS MOpHHY (pHc. 1, 6), SKi ONMHUCYIOThCS HACTYITHUMH
sanexnocTsaMu: i,= 0.017v + 0.3337 (R* = 0.992) ans mepmoro miky OKHCHEHHs Ta
i, = 0.0056v + 0.0066 (R* = 0.97) w1 APYroro miky OKMCHEHHS MOPHHY, IO BKa3ye Ha
aZICOPOIIIHY IPHPOIY CTPYMY.

KinmpkicTh €TeKTpOHIB, sKi OepyTh ydacTh B Ipolecax OKHCHEHH:, Oyia oOdmcieHa
Ha OCHOBI 3anexHocTi Ey=flg(v) 3a pisuannsam Jlasipona [3]. Ilpuiimaroun o = 0.5,
PO3paxoBaHO YMCIIO ENEKTPOHIB i nepioro (n = 2.1=2) i apyroro (n = 0.96= 1) mikiB
OKHMCHEHHS BiINOBiAHO. BuBueHo BmimB noteHuiany aacopOuii (E.y) 1 yacy apcopOuii
(tags) HA cTpyM okucHEHHs MopuHy Ha EA-BIIE Ta BCTaHOBICHO BIAMOBIAHI ONTUMANIbHI
3HaueHHs: E,q = 200 MB, t,4, = 180 c.

B onTuManbHMX yMOBaX, 3 BUKOPHUCTAaHHSM KBaJpaTHO-XBHJIBOBOI BOJBTAM IIEPO-
Mmetpii (A=35 MB, v=25 I'm, v=100 mB/c) moOyznoBaHo rpamyroBadbHUN Tpadik Ui
Br3HauYeHHS MopuHy Ha EA-BIIE (puc. 2), skuif Mae IBi NiHIHHUX TIISHKA B Jiala3oHi
KoHIIeHTpalii MmopuHy 6-0.8 MKkM (3 uytmuBictio 0.314 MxkA/MKM) Ta 0.8-0.16 MxM (3
gyTiauBicTio 0.557 MKA/MKM).
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Puc 1. Huxniuni Bonasramneporpamu mopuny (100 mxM) Ha EA — BIIE (cyuinbHa JiHis)
ta BIIE (Toukosa ninis) npu pH 4 (@) Ta nuKIiUHI BOIBTAMIIEPOTPaMH PO3YHHY MOPHHY
(50 mxM) na EA — BIIE npu pi3Hiii IBHIKOCTI po3ropTKH noTeHuiany, MB/c: 1 — 50;
2-100; 3 — 150; 4 — 200; 5 — 300; 6 — 400 (6)
Fig 1. Cyclic voltammograms of morin (100 pM) on EA - CPE (solid line) and CPE (dotted
line) at pH 4 (a) and cyclic voltammograms of morin (50 uM) on EA-CPE at different scan rate,
mV/s: 1 —50;2 —100; 3 — 150; 4 — 200; 5 — 300; 6 — 400 (b)
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Puc 2. KBagpaTHO-XBHIIFOBI BOJIBTaMIIEpPOrpaMy MOPHHY IIPY Pi3HiIA KOHIEHTpAILIi:
1-6MxM; 2 — 4 MxM; 3 — 2.4 MxM; 4 — 0.8 MkM; 5 — 0.4 MkM; 6 — 0.16 MkM (a) i
rpayloBabHUH rpadik Ul BU3HAYSHHS MOPUHY (6)

Fig 2. Square-wave voltammograms of morin for various concentrations: 1 — 6 pM;
2—-4uM;3-2.4uM;4-0.8 uM; 5 - 0.4 uM; 6 — 0.16 uM (a) and plots
of the peak currents as a function of morin concentration (b)
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Ta6muus. Pe3ynbrati BU3HAYEHHSI MOPHHY B MOJIENBHUX po3unHax (n =3, P =0.95)
Table. Results of morin determination in model solutions (n =3, P = 0.95)

Bseneno, MKr 3HaiIeHO, MKT RSD, %
18.1 18.25+0.93 2.1
12.09 12.3+1.1 3.5
6.05 5.83+0.62 4.3

Ha ocHoBi rpamyroBansHOro Trpadiky Oyrna po3paxoBaHa Mexa BHsBIEHHS (30) Ta
Mexa KigbkicHoro BusHaueHHs (100), siki ckiragarots 0.027 MxM Ta 0.092 MxM Bifmo-
BizHO. Po3pobnenuii cencop OyB armpoOoBaHMi NPU BU3HAYEHHI MOPHHY B MOJEIBHUX
po3unHax (quB. Tabm.), a Benuuraa RSD He nepesuiye 4.5%.
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using a disposable electrochemically activated carbon-paste electrode by linear sweep volt-
ammetry // Analytical Lett. — 2017. — P. 00032719.2017.1380035.

2. Pliuta K., Chebotarev A., Koicheva A. et al. Development of a novel voltammetric sensor for
the determination of quercetin on an electrochemically pretreated carbon-paste electrode //
Analytical Methods. —2018. — Vol. 10, No 12. — P. 1472-1479.

3. Laviron E. General expression of the linear potential sweep voltammogram in the case of
diffusionless electrochemical systems // J. Electroanal. Chem. — 1979. — Vol. 101, No 1. —
P. 19-28.
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VOLTAMMETRIC DETERMINATION OF MORIN ON ELECTROCHEMICAL ACTIVATED
CARBONE-PASTE ELECTRODE

Odessa 1.1. Mechnikov National University, Department of Analytical Chemistry,
Dvorjans'ka Str., 2, 65082 Odessa, Ukraine, e-mail: alexch@ukr.net

In this paper, the possibility of using an electrochemically activated carbon-paste electrode for the
determination of morin has been studied. It is established that the oxidation current increases 1.85 times. The
number of electrons taking part in the oxidation of morin and the optimal conditions for morin determination
(pH=4, E.ss= 200 mV, t,4=180 s) were established. Using square-wave voltammetry (A=35 mV, v=25 Hz,
v=100 mV/s) it is possible to determine morin in the concentration ranges of 6-0.8 pM and 0.8 - 0.16 uM. The
developed sensor was tested in the analysis of morin in model solutions with RSD no more than 4.5%.

Key words: carbone-paste electrode, electrochemical activation, morin
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LiMn,O, is one of the most popular electrode material for lithium ion batteries.
Unlike LiCoO,, lithium manganese spinel is inexpensive and environmentally friendly.
Besides, it has a high potential against lithium electrode (3.0-4.5 V) and the theoretical
capacity of 148 mAh-g™'. Due to this circumstance lithium manganese spinel continues
to attract much attention of scientists.

It has been suggested carlier that the power density is extensively managed by the
diffusion of lithium ions into/within the structure of electrode material. Fragmentation
leads to great growth of the electrode/electrolyte contact area and to lessening of dis-
tances passed by electrons and lithium ions upon insertion into the electrode material.
This means that obtaining electrode materials in a nanosized form may permit for rea-
ching greater charge/discharge rates than in the case of the electrode materials of a
micrometer particle size.

Being considered an influential instrument for improving the rate capability and
capacity retention of cathode materials for lithium-ion batteries, surface coating has
never been implemented for obtaining really high-rate spinels. It has been found in our
recent work [1] that a material containing the LiMn,0,4 core and LiNiysMn,; 50,4 shell
significantly improves its high-rate properties compared to the core spinel. In this com-
munication, we discuss the limits of the shell thickness based on the study of materials
with the shell/core mass ratios of 0.07:1; 0.1:1 and 0.14:1.

The core/shell samples have been synthesized by means of a citric acid aided route
using 1 M solutions of analytical grade Mn(NO3),, Ni(NO3),, LiNO;, and C¢HgO; (Mak-
rokhim, Ukraine). They have been characterized using transmission electron microscopy
(TEM) and electrochemical testing.

TEM images of the net LiMn,0O,4 core/shell LiMn,0O4/LiNiysMn,; sO4 materials are
given in Fig. 1. Upon increasing the LiNijsMn; sO4 content, the particles become larger,
as the shell layer is deposited on the surface of the core crystals. Unfortunately, even at
very high magnifications (bottom micrographs) the core and the coating are undistin-
guishable. This is not surprising, since both LiMn,0,4 and LiNiysMn; sO4 are isomorphic
and have similar sizes of elementary cells. It can be noticed in the bottom pictures that
crystals are sufficiently perfect within the distances of about 30 nm. It is commensurate
with the size of spinel particles. Judging by the left figure (7% coverage), the particle
size does not exceed 60—70 nm. Moreover, the border between the core and the shell is
indistinguishable, i.e. we are dealing with a true gradient material.
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 14% coating

7% coating 10% coating

Fig. 1. TEM images for core/shell materials with a different content of coating.
Puc. 1. TEM 300pakeHHs 3pa3KiB BKPUTHUX MIITiHETIeH 3 pi3HUM BMiCTOM HOKPUTTSI.

At 1=0.5C, the specific discharge capacities of LiMn,O4/LiNiysMn;s04 with the
shell/core mass ratio 0.1:1 and of LiMn,O, equal to 107 and 110 mAh-g™, respectively.
LiMn,04/LiNiysMn; 504 with the shell/core mass ratio 0.1:1 demonstrates an excellent
high-rate ability compared to the shell/core structures with mass ratios 0.07:1 and 0.14:1,
being able to retain ca. 25 mAh-g” at the current load of 9620 mA-g” (65C), which is
1.6 times higher than for the pristine LiMn,0O, and for LiMn,04/LiNij sMn; 50, with the
shell/core mass ratio 0.14:1 (Fig. 2, a). It is clearly seen that the shell/core mass ratio
0.1:1 is optimal for attaining high-rate properties. Furthermore, LiMn,04/LiNijsMn; 50,4
core/shell compositions demonstrate better cycling ability than the unmodified LiMn,0O,

(Fig. 2, b).
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Fig. 2. Discharge characteristics (a) and dependences of discharge capacity on cycle number
for unmodified LiMn, 0O, and surface coated LiMn,04/LiNiy sMn; 5O, materials (b).
Puc. 2. Po3psiHi XapaKTepUCTUKH () Ta 3aI€XKHICTh PO3PSIHOI EMHOCTI BiJf HOMEPY LUKIY
it LiMn,O, ta BkpuTux mmineneir LiMn,O4/LiNig sMn; sO4 (6).
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These extraordinary high-rate characteristics and better cycling behavior of the core-
shell LiMn,0,/LiNiysMn; sO, compared to unmodified compositions show good pers-
pective of surface modification techniques in increasing high-rate properties of spinel
materials.

1. Potapenko A.V., Kirillov S.4. Enhancing high-rate electrochemical properties of LiMn,0, in a
LiMn,0,/LiNiy sMn, 50,4 core/shell composite // Electrochim. Acta. —2017. — Vol. 258, Is. 1. —
P.9-16.
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XAPAKTEPUCTHUKH JITIA-MAHI AHOBOI IIIITHEJI 31 CTPYKTYPOIO SI/[PO/OBOJIOHKA
3A HABAHTAKEHb BEJIMKUM CTPYMOM
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LiMn,O4 Ta MonudikoBani 3pa3kn LiMn,O4/LiNiysMn; sOy4 3i cniBBinHomeHHsM obononka/sapo 0.07:1;
0.1:1 1 0.14:1 Oynm cuHTE30BaHI 3a JOMOMOrOK LUTpAaTHOrO Merony. Pospsmui emuocti LiMn,O./
LiNip sMn; 504 enekTpoaHOro Martepiaiy i3 crniBBigHOLIEHHM obononka/sapo 0.1:1 ta BuxigHoi LiMn,O4 pu
cTpymMoBomy HapanTaxkenni / = 0.5 C cknamators 107 i 110 MA-T" Bignosinno. Came 3pasok LiMn,Oy/
LiNip sMn; 504 enexTpoaHOro MaTepiaiy i3 CiiBBiqHOMIEHHSIM 00osoHKa/sapo 0.1:1 1eMOHCTpy€e 3HAYHO BHUILLY
MOTYKHICTh HOPIBHSHO 31 3pa3KaMH i3 CIiBBiHOMIEHHAM siapo/obononka 0.07:1 1 0.14:1 Ta 31areH BiggaBaT
emuicTs 25 MAT! Tpn crpymoBoMy HaBamTakenHi 9620 MA-T' (65C), mo y 1.6 pasu Ginbure, Hix s
HemoudikoBanoi LiMn,O,. OTpumani BUcoki eHepretiyti nokasHuku LiMn,O4/LiNipsMn; sO4 nopiBHsHO i3
HeMOAU(IKOBAHUM 3Pa3KOM JIiTili-MaHTaHOBOI MIMTIHENI € NePCIeKTHBHUMU IS BUKOPHCTAHHS Y JITilH-HOHHUX
JpKepelax CTpyMy BHCOKOT TTOTYKHOCTI.

Knrouosi cnosa: TpafieHTHI MaTepiaiy, e1eKTPOXiMis, JUKepena CTpyMy.
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Titania is the most common oxide in heterogeneous and photo-catalysis for the puri-
fication gas and liquid media from toxicant [1]. It was found that catalyst materials based
on mixed two or three component oxide systems exhibit high activity and selectivity in
red-ox reactions. Synthesis of nano-composite catalytic systems based on titania is car-
ried out by various methods, including plasma electrolytic oxidizing (PEO). Titania
layers containing manganese oxides obtained by PEO was noted to be catalytic active,
but the increase in the catalytic activity materials was achieved by annealing. In [2]
catalytic materials on titanium and aluminum doped with transition metal oxides (Mn, Fe,
Co, Ni) were obtained in one stage by the PEO method, and also in two stages com-
bining the PEO treatment, followed by impregnation in solutions. The need for addi-
tional technological operations was due to the low content of dopants and the uneven
distribution of catalytic components in the surface layers. Our positive experience [3]
related to the development of electrolytes and single step PEO regimes for nano-com-
posite manganese-containing oxide coatings formed at valve metals from diphosphate
bath. This approach was extended to the synthesis of cobalt-containing layers. Never-
theless the study of cobalt and manganese effect on morphology, and, consequently, the
catalytic activity and corrosion resistance of mixed oxide systems is topical and new.

Titanium alloy VT1-0 were subjected to the plasma electrolytic oxidizing. The samp-
les’ pre-treatment procedure was standard. The PEO treatment of the samples was car-
ried out in the diphosphate solution, with or without the addition of Co and Mn sulfates.
Anodic polarization of samples was carried out from a stabilized current source by a
direct current of different densities until the sparking regime was achieved. The treat-
ment lasted 30 minutes after attaining the sparking mode to obtain a uniform oxide layer
with dopants, the thickness of the coatings was at least 15-20 pm.

The susceptibility to corrosion was checked in the free aerated 2M NaOH and Ringer
(mol-dm: NaCl — 0.15, KCI — 0.004, CaCl, — 0.004) solutions by comparing open cir-
cuit potentials (E,). The potentials presented in the paper are given relative to the
standard hydrogen electrode (SHE).

The stages of the titanium alloy oxidizing at direct current in different electrolytes
one can see at chronograms of working voltage (Fig. 1). Section I corresponds to a linear
change in the voltage U up to 60 V at first 2 min of oxidizing. This section known as
pre-spark stage is almost the same for chronograms in all electrolytes and is attributed
with formation of phase titania. Voltage oscillations are observed in section II of the
chronograms, when local sparking begins at the anode.

This is due to competitive processes of titania formation / dissolution, and thermo-
chemical reactions with electrolyte components. At this stage, the dopants (Co, Mn, P, K)
are incorporated into the matrix of titania. The dependence of the spark voltage U, on the
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Fig. 1. Chronograms of working voltage at applied
anodic current density i=2 A-dm > for Ti alloy in
diphosphate electrolyte with or without addition of
cobalt or manganese sulfates

Puc. 1. XpoHorpamu poOo4oi HaIpyru 3a npu-
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E —=— TiOxCoOy CJIEKTPOIITI 3 JoJaBaHHsAM abo 6e3 1oJaBaHHs
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nature of the dopants is explained by differences in the electrical resistivity of oxides
(Table 1). It’s quite natural that Ug increases in the series TiO, < TiOp'MnOy <
TiO,-CoOy. Section III corresponds to the micro-arc mode of PEO, and the voltage
stabilization is due to the increase in the thickness of the mixed oxide coatings. The
operating voltage Uy also depends on the composition of the electrolyte and,
consequently, the formed oxides, especially their thermal resistance.

Table 1. Effect of the current density on the PEO voltage and composition
of oxide coatings on Titanium

Tabauus 1. Bimms rycTuHu cTpyMy Ha HalpyTy IIa3MOBO-€IEKTPOIIITHYHOTO OKCHTyBaHHS
Ta CKJIaJ OKCHIHHX TIOKPUTTIB HA THTaHI

Current Voltage, V Specific electrical Content of dopants in surface
Electrolyte | density, i resistance of oxide, layer, at%

Adm? | U Uo Q-cm Co | Mn P K
cro 29 w0 [ no w212
K4P,04, 2.0 %3 120 |CoO —10°-10" 5.7 - 35 10.2
CoS0O, 2.5 130 {Cos0,4 —10°-10° 63| - 36 7.5

2.0 125 |MnO-10°-10" - | 46 37 9.1
K,P,0,, a3 Mn,0; — 10°
MnSO, 25 130 | Mn;O, — 10*-10° - | 50 38 7.6
MnO, — 10107

Surface layers morphology depends on the applied current density and, consequently,
on the oxide coatings composition. The size of the rounded [4] grains observed for
titanium in diphosphate electrolyte increases for Co or Mn containing mixed coatings
obtained at the same current density i = 2 A-dm 2, but it decreases at increasing i up to
2.5 A-dm .

The catalytic properties of the oxide systems were studied in the model reaction
oxidation of carbon (II) oxide to CO, [4]. The research findings have determined that
coatings formed in the PEO mode with reducing grain size and micro-globular structure
have intense catalytic activity in carbon (II) oxide oxidation.

The results of measurement the open circuit potential of samples immersed in 2M
NaOH and Ringer solutions (Table 2) show that PEO substantially increases the cor-
rosion resistance, as follows from the shift of the E,. into the positive direction. The lo-
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west corrosion resistance in both solutions reveals Ti-TiO, system (sample 1) although it
is significantly higher than un-oxidized titanium (sample 0).

Table 2. Open circuit potential of oxide systems in different media

Ta6mmus 2. [ToreHnian po3iMKHYTOro Koja sk OKCHIHUX CUCTEM y Pi3HUX CepeOBHUIIAaX

Sample E,, mV
Code Composition 2M NaOH Ringer solutions
0 Ti —600 —480
1 Ti-TiO,4 370 100
2 TiO,-CoO 580 900
4 TiOx"MnO 450 580

Passivity of oxide systems in an alkaline medium is explained by the nature of
dopants. It should be noted that manganese oxides are less resistant in chloride-con-
taining media compared to cobalt ones. Some conclusions may be drawn from the
comparison of corrosion behavior data with the surface layers topography.

Thus the high corrosion resistance of mixed oxide systems in alkaline and in Ringer
solutions and high catalytic activity in the carbon (II) oxide conversion reaction are a
prospect for using such coating in the industrial systems of catalytic purification of
exhaust gases of industrial plants and power system facilities.

1. Anpo M., Kamat P. V. Environmentally Benign Photocatalysts: Applications of Titanium
Oxide-based Materials. — Springer Science, 2010. — 643 p.

2. Lukiyanchuk 1.V., Rudnev V.S., Tyrina L.M., Chernykh I.V. Plasma electrolytic oxide coatings
on valve metals and their activity in CO oxidation // Appl Surf Sci. — 2014. — Vol. 315. —
P. 481-489.

3. Caxunenrxo HJ[., Beob M.B., Maiiba M.B. KOMIO3UIIMOHHBIC 1 KOHBEPCUOHHBIC MOKPBITHS Ha
cruiaBax TMTaHa. — Xapki: HTY "XIII", 2015. - 176 c.

4. Sakhnenko N., Ved M., Karakurkchi A., Galak A. A study of synthesis and properties of man-
ganese-containing oxide coatings on alloy VT1-0 // Eastern-European Journal of Enterprise
Technologies. — 2016. — Vol. 3, Is. 5. — P. 37-43.

Mukona Caxnenko, Mapuna Beow, I'anna Kapakypkui, Onexcandp I'anax,
Maxkcum Bonobyes, Céimnana Pyoneea
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Jocnimxeno npouecu GopmyBaHHs MOKPHBIB Ha CIIaBaX THUTaHy B AMGOCGHATHUX PO3YMHAX Y PEKHUMI
IJIa3MOBO-€JIEKTPOJIITHYHOrO OKcHayBaHHs. 3a Hanpyr 100—-130 B y nudocharanx posunnax ¢opmyroTscs
HAHOKOMITO3HUTHI MOKPHBH 3MIIIAHUMH OKCHIAMH, IO CKJIJy IHKOPIOPYIOThCS CIIOJIYKA MaHTaHy i KOOAJIbTy.
ITpoanaii3oBaHO BIUIMB JIETYBAIBHUX €JIEMEHTIB Ha €JICKTPUYHI MapaMeTpH OKCHJHOI cucTemu. BusHaueHo
XIMIYHHUX OIIp MOKPHUBIB Ta 1X KaTAIITHYHY aKTHBHICTh B PEaKLil OKHCHEHHS KApOOH MOHO OKCHUILY.

Kniouogi croéa: HaHOKOMIIO3WTHI ITOKPHBH, IUIA3MOBO-EJIEKTPOJITHYHE OKCHIYBaHHS, XIMIYHHIl oIip,
KaTaJiTH4Ha aKTHBHICTh
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XIHTIIPOHHUHN, AK 1 1HII HIUKIIYHI PIAMHHO-OKMCHI METOAM OYMIICHHS ra3iB Bix
CIPKOBOJIHIO 3a0€3MeYyIOTh HE TINBKH BUCOKOC(CKTHBHE OYMIICHHS rasy, aje i ofiep-
JKaHHs CIPKU 32 PaxyHOK OKMCHEHHS XeMOCOPOOBAHOT'O CIPKOBOJIHIO OKUCHUKOM—KaTa-
Ji3aTOPOM, SIKUI MICTUTBCS Y JIy’)KHOMY TOTJIMHAIBHOMY po3unHi. Karanizarop mix uac
LILOTO MEPEXOIUTh Y BiHOBHY (opmy. Jlist BiqHOBIICHHS Horo pobotu, ToOTO Iepese-
JICHHS KaTaji3aTopa 3 BiTHOBHOI (JOPMHU JO OKHCHOI, BHKOPHCTOBYIOTh XiMiuHY (3 I0-
MTOMOT OO0 KHCHIO TIOBITPsI) 00 eNeKTpoXiMivHy pereHeparriro [ 1, 2].

JI1s 0cTaHHBOTO TPOTIECY BAKIIMBHM € MPABIIIBHIN MiAOIp €IEKTPOIHUX MaTepialiB,
SIKi KpiM XIMIYHOI CTIHKOCTi B KapOOHATHOMY CEPEIOBUII, IIOBUHHI BOJIOIITH BHCOKOIO
aKTHUBHICTIO 1 CETIEKTHBHICTIO IOJI0 OCHOBHOTO €JIEKTPOXIMIYHOTO TIPOIIECY Ta MaTH HE
BHCOKY BapTiCTh. AHami3 JjiTeparypu [2-4] mokasye, mo XiMiuHY i €JIeKTpOXiMiduHy
CTIMKICTb Y XIHTIDOHHOMY HOTJIMHAILHOMY PO3YHHI, 1[0 MIiCTHTh HATPIiIO TioCyNbdar i
XeMOCOPOOBaHUHN CIPKOBOJICHD, MPOSIBIIAE MPAKTUYHO TUTBKM IUIATHHA. 3a BiACYTHOCTI
Cyib(ypOBMICHHX 10HIB y PO3YMHI JJIsl aHOJJHOTO OKMCHEHHS KaTaji3aropa, KpiM Iuia-
THUHH, MO’KHA BUKOPHCTATH, HAITPUKJIA]], 30JI0TO Y1 HIKEJb.

XiHTIApOHHUH OKHMCHUK-KATalli3aTop OJEpXKYIOTh HUIIXOM OJIiIrOMEpH3alii XiHTi-
pOHY y KapOOHaTHOMY po34HMHi 3a ocTymy noBiTps [1]. Ilix yac B3aemonii XiHTigpoHY 3
Jyramu BiZIOyBa€TbCsl YTBOPEHHS aHIOH-pajuKairy ceMixiHony [1,2]. ¥ daci ekcro3umii
(BHICTOIOBAHHS) JTY)KHOTO PO3YMHY XiHTIIPOHY CHOCTEPITa€ThCS PICT MOTIMEPHOTO JIaH-
IIora 1 mepexiJy MOHOMEPHUX CEMIXiHOHHUX PagUKalliB y CTaOUIbHI MOJICEeMiXiHOHHI.
Jlist pUroTyBaHHs MOTIMHAIBHOTO PO3YMHY BHKOPHCTOBYIOTH PO3UHH XIHTIAPOHHOTO
OKHCHHKA, SKWH BUCTOIOBaBCSA He MeHmie 5 mi6. OueBmmHO, mI0 i3 3MIHOIO CKIamy i
CTPYKTYPH TPOAYKTIB OJiroMepw3amii XiHTigpOHY MiJ Yac BHUCTOIOBAHHS PO3YHHY iX
€JIEKTPOXIMiUHI BIACTUBOCTI 3MIHIOIOThCSI.

MeToro poboTH OyJI0 JOCITIDKEHHS €IeKTPOXIMIYHOI IMOBEJIHKH PO3YMHIB XiHTiA-
POHHOTO KarallizaTopa B 4aci HOro BHCTOIOBaHHS Ha 3allPONIOHOBAHUX ISl E€JIEKTPO-
XIMI9HOI pereHepaiii eJIeKTpOJHUX MaTepianax.

JlocimKeHHs 3A1HCHIOBAIM METOIOM IMKJIi4YHOI BosmbTamnepomerpii (LIBA) [5] Ha
norenuioctari [IM-50-1.1 3 mporpamMaTopoM, 10 KepyeTHCsI KOMII IOTEPHOIO ITPOTPAMOI0
PI-50. PobGounmu enexrpomamu Oynmu mianki mmactuHkdA Pt, Au i Ni, qomoMikHAM —
wracTUHKa Pt, a mopiBHSIHHESA — XyopuacpiOuumit. [Inomi aHomiB, cm?: Pt-0,84, Au-0,36,
Ni—0,50. [ToTeHmiany nepepaxoByBaIi Ha H.B.c. YMOBH J0CHikeHb: TemmepaTypa 20°C,
MIBUIIKICTH pO3TOpTKH noTeHuiary 20 MB/c, HamipsiM po3ropTKe — B aHOJHY CTOPOHY.

s mocnimKeHp roTyBaly PO3YHH XiHTIAPOHHOTO KaTajli3aTopa 3 BMiCTOM (t/av’) —
XIHr1IpoHy — 5 1 HaTpito kapOoHaty — 4,9. BukopucToByBanu peakTHBH Kiacudikarii
«x.4.». [IpuroroBnenuit po3urH 3aauiiaid Ha BUCTOIOBAHHS 32 JIOCTYILY TTOBITpSL.
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Pe3yabTaTn gociimkeHb Ta ix odrosopenHsi. J[ocmipkeHHS OKa3aly, IO B Yaci
BUCTOIOBAHHSI CIIOCTEPIra€ThCsl 3pOCTAHHS CTalliOHAPHOTO OKHCHO-BIJHOBHOTO ITOTEH-
miary (OBII), ograk mo pisHOMY [UIs qociikyBaHIX MaTepianiB. Tak OBII cBixo npu-
TOTOBJICHOTO po3uuHy s Pt, Au i Ni enmektpony piHa —414, 330 i —398 MB, a Ha
5 nmody BuctoroBaHHS —254, —324 1 —285 MB, Binmosinno. Taka 3mina OBII, oueBuaHO,
3yMOBJICHA 3MIHOIO CKJagy MPOAYKTIB ITiJ] 9ac OJiroMepHu3allii i B3aeMOIIOB’ s3aHa i3
3miHOt0 pH po3uuny Bix 9,1 (Ha 1-y) no 8,2 (1a 5-y) i 8,9 (Ha 12-y 100y BHCTOIOBaHH).

PesynbraTi HOCIIKEHD EIEKTPOXIMIYHOT MOBEAIHKK PO3YMHY XiHTIIPOHHOIO KaTa-
ji3atopa B 4aci Horo BuctoroBaHHS Ha Pt, Ni i Au enexrpoaax (OuB. pHC.) MOKa3aiu
HasiBHICTh aHoMHMX MIKIB I 1 Il rycTHH cTpyMiB OKMCHEHHs Ta KaToaHuil mik IV ryctun
cTpyMmiB BigHOBICHHS. KaToaui miku Ha Beix kpuBux [[BA 3MilleHi BITHOCHO aHOIHHUX,
10 MO’KE BKa3yBaTW Ha YTBOPEHHsI HECTaOUTBHMX CEMIXiHOHHMX paaukanis [l, 6]. 3a
BUKOPHCTaHHS AU €JEeKTposa 3a 3BOpOTHOI nosrsipuzanii Ha LIBA 3’sBisieTbes me oquH
nik (III) ryctuam xarogHoro crpymy. Lle Moke cBiTUNTH MPO Pi3HY €NEKTPOAKTHBHICTH
MPOAYKTIB EIIEKTPOXIMIYHOI peakilii OKMCHEHHS BITHOBHOI (OPMH XIiHTIIPOHHOTO
Karaniizaropa abo 3MiHy MeXaHi3My copOmii MpoAyKTiB Ha 30110Ti [6-9].

; b 3-

i,mAlcm?

a ;
TV R |

3 121
fiv

2

Puc. LIBA pozunny Ha Pt (a), Ni (b) 1 Au (¢) enekTpoaax 3a 4acy BUCTOIOBaHHS
po3uuny, 1i6: 1 -0;2-1;,3-5;4-9;5-15
Fig. CV of the solution for Pt (@), Ni (b) 1 Au (c) electrodes at exposure
time, days: 1 — 0 (just prepared); 2—1;3-5;4-9;5-15

30ipIIeHAS Yacy BHCTOIOBaHHA (OJiroMepw3arii) 3MEHINy€e IIBHIKICTh EJICKTPO-
XIMIYHOTO OKWICHEHHS 1 BIOHOBJICHHS XIHTIIPOHHOTO KaTamizaropa. ['yCTHHU MakKcH-
MYyMIiB CTPYMIB OKHCHEHHS PO3YHHY CBIKOIIPHTOTOBIIEHOTO XiHT1IPOHHOTO KaTajlizaTopa
npaKkTHIHO oxHakoBi — 1,84...1,88 MA-cm™. Ha 5 o0y B pO3UMHI XiHTIAPOHHOTO KaTa-
JizaTopa CTpyMH OKHCHEHHS, IO BiAIMOBiNAIOTH MKy I, 3aTyxaroTh, aje me crocTepir-
raloThcs cTpyMu okucHeHHs miky II. Ha 15 no0y BucTotoBanHsi po3umnny st Pt ta 12
mo0y mist Au i Ni enekrponiB Ha [IBA aHOAHMX 1 KaTOJHMX MIKIB BXKE HE CIIOCTEPIr-
raetscs. O4eBUIHO, 110 B Yaci BUCTOIOBAHHS Ha MOBITPI BiTHOBHI (pOpMH KaTajtizaTopa
MOCTYIIOBO OKHUCHIOIOTBCS .

OKuCHEHHS BiTHOBHOI (DOPMHM XiHTiIJPOHHOTO KaTali3aTopa 3a BAKOPUCTAHHS IUIaTH-
HOBOTO eJIEKTPOa BinOyBaeThes 3a moreHmianiB E=-0,14...0,45, E=0,39...0,84 mms Ni i
E=0,26...0,76 B nns Au. [Ipm TomMy HaliMeHIIa nepeHanpyra OKMCHEHHS € Ha Pt, i
HaitOinpma - Ha Ni eneKTpoi.

30ipIIeHAS Yacy BUCTOIOBAHHS PO3YMHY 3MIHIOE MTOTEHITiaN HE TiTHKH OKHCHEHHS,
ayie ¥ BiTHOBJICHHS XiHTiIOPOHHOTO Kartamizaropa. Tak, 3a BUKopucTaHHsS Pt BiH 3pocTae
(-0,51...-0,20 B), Ni — 3menmyetscs (—0,56...—0,66 B), a Au — crogaTKy A€o 3MeH-
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myetrsest (—0,49...—0,56 B), a nani (12 noba) moreHLian nepexoanTh y AOAaTHI 3Ha-
genHs (0,149 B), mo, o4eBHOHO, TaKOX ITOB’S3aHO i3 PI3HHUIICI0 MEXaHI3MIB cOpOii
XIHTIJPOHHUX MPOAYKTIB HA 30JIOTI.

BucnoBku. Bci Tpu MaTepiaii MOXKHa BUKOPHCTOBYBATH SIK €NEKTPOIH IJIsl aHOJ-
HOT'O OKHCHEHHS BiITHOBHOI (hOpMH XiHTiApOHHOTO Kartaiizaropa. [Iporecn okncHeHHS i
BiJINOBiTHOTO BiAHOBJICHHS XiHOHHUX CIOJIYK HiJ 9ac oJiroMepu3allii XiHTigpoHy TpH-
BatoTh 10 12...15 ni6. 3070TO MpOSBIsiE MmO BiJMIHHI BiJ MJATHHM 1 HIKEIIO €JeK-
TPOXIMIYHI BIIACTHUBOCTI, 1[0 MPOSBISETHCSA y OLIbIIIH (MOPIBHAHO 13 Pt) mepeHamnpysi ta
JIOJIATKOBIM  €JIEKTPOAKTUBHOCTI BTOPMHHUX TNPOJYKTIB €JIEKTPOXIMIUHOI peakiii
OKHMCHEHHS BITHOBHOI (popMH KaTajrizaropa.
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Andriy Slyuzar, Yaroslav Kalymon, Ivanna Mertsalo, Roksolyana Bukliv

CYCLIC VOLTAMMETRY OF THE QUINHYDRONE OXIDANT-CATALYST ON DIFFERENT
ELECTRODE MATERIALS

Lviv Polytechnic National University, Department of Chemistry and Technology of Inorganic Substances,
S. Bandery Str. 12, 79013 Lviv, Ukraine

The electrochemical behaviour of the quinhydrone oxidizing catalyst solution during the air exposure at
various electrode materials was investigated by cyclic voltammetry method. It is shown that for the scan of the
potential in the anode side on the platinum and nickel electrodes, two peaks of oxidation and one peak of the
reduction of the quinone compounds are observed. The difference in the mechanism of sorption of quinone
products on the Au electrodes is noted, which is manifested in the appearance of an additional recovery peak. It
was established that the processes of quinhydrone oligomerization in a soda solution halted only 12 to 15 days
of solution exposure, and the anodic and corresponding cathode processes in the solution are stoped. The
conclusion is made of the possibility of using the three materials for the electrochemical regeneration of a
quinhydrone oxidizing catalyst.

Key words: cyclic voltammetry, quinhydrone oxidant, exposure time, platinum, gold, nickel.
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MNOTEHIHIOMETPUYHE BU3HAYEHHS CIIIBBIZIHOIIEHHS NO; /NO,”
JJI1 OOIHKU AKOCTI BOAU B MOPCBKUX AKBAPTYMAX

Kuiscoxuii nayionanvuuil ynisepcumem imeni Tapaca lllesuenka, kagheopa ananimuunoi ximii,
8y1. Bonooumupcoxa 64/13, 01601 Kuis, Yxpaina, e-mail: nataliiasmyk@knu.ua

B akBapiyMHUX BoIaxX aMOHiaK, SIKHH YTBOPIOETHCS B PE3yNbTaTi JKATTEIISUIBHOCTI
rizpoOioHTIB, B mporeci HiTpudikarii IepeTBOPIOETHCS Ha HITPHUT- Ta HiTpaT. HiTpaTtn
HE HECYThb TI00ambHOi 3arpo3m, HaBmaku, NO; MOTpiOHMH AN POCTy BOJOPOCTEH.
BinbmricTe BOAHUX OpraHi3MiB 3/1aTHA BUXKUBATH HaBITh 32 JOCHUTh BHCOKHX MTOKa3HUKIB
BMICTY HITpaTiB, ajie KOHIeHTpauii Bui 3a 0,2 MIr/i BUKIIMKAIOTh 3aXBOPIOBAHHS pHO Ta
eBTpodikalito i UBITIHHA akBapiymiB. BojHOYac HITPUTH Ta aMOHiaK, HaBiTh B HEBe-
JIUKUX KOHIICHTPAIIiSX, € OTPYHHUMH JJIs1 HACCJICHHS aKBapiyMiB. 3 OISy Ha Iie, iICHYE
HEeOXiJHICTh PETYJISIPHOTO KOHTPOJIIO BMICTY IIMX CIOJYK B aKkBapiyMHiil Boxi. Baxiu-
BUM 1HIUKATOPOM SKOCTiaKBapiyMHOI BOJU MO>Ke OyTH CIiBBIIHOIICHHS KOHIICHTPAIIIH
NO;/NO; .

[Ipu BUOOpiI MeTOmy aHANI3y CIiN BpaXOBYBaTH HU3BKI JOITyCTUMI KOHIICHTpALii
NO;  ta NO, y Takiif Boxi, 3miHy cmiBBimHOmEeHHS NO;3;/ NO, mpu TpuBaiomy
30epiranHi Mpoo, HEOOXiTHICTh MIBHIKOTO pearyBaHHA Ha 3arpo3H 301IbIICHHS BMICTY
HITPUTY Y BO[Ii, MOXJIUBICTh 3aCTOCYBaHHS METOAY 0332 MEXaMH CTallioHapHOi J1abo-
patopii 0Oe3 3amydeHHS BHCOKOKBaIi()iKOBaHOTO mmepcoHany. OTke, BUPILOICHHS i€l
3amadi nependavae 3aCTOCYBaHHS BHCOKOUYTIMBHUX, €KCIIPECHUX 1 BOJHOYAC BiIHOCHO
HEJIOPOTMX METOJIB aHAJI3y.

Haii0inbin yyTIMBUMH METOJAMH OJHOYACHOTO Bu3HaueHHs BMicTy NO, Ta NO; €
ioHHa xpomaTorpadis Ta KaniIApHUil 30HHUN enekTpodopes. BTiM BoHM € CKIIaIHUMU B
peaizanii, 1OpOroBapTiCHUMH, MOTPEOYIOTh BHUCOKOI (haxoBOi IMiATOTOBKU II€PCOHAITY
Ta/abo cKIagHOI MPOOOMIIrOTOBKH, TOMY € He NPHIATHUMH JJIsl 3aCTOCYBaHHs Oe3mo-
CepeIHbO Ha MICIi BiOopy mpoO. Bijgblr mpocTUME Ta MHUPOKO BXKUBAHIUMH METOAAMH €
¢doToMeTpHYHMI Ta JIOMIHECHIEHTHHH. BTiM BOHHM 1aroTh MOXIIHMBICTH 3 JOCTaTHBHOIO
YyTIUBICTIO BH3HA4aTH jmme BMicT NO, Ticis mepeBeAeHHs Horo B a300apBHHK 3a
PEAaKIli€r0 a30CIONydeHHS 3 apOMaTHYHUM aMiHOM. HiTpaT BH3HA4YarOTh aHAIOTIYHO
micis Horo BiZHOBIIEHHS 1O HITPHUTY, IO Tependadae 3acTOCYBAHHS JTOBTOTPHBAIIOL
MPOOOMIATOTOBKH, IO TaKOX OOMEXY€e iX 3aCTOCYBaHHS I103a MEKaMH CTaI[ioOHapHOI
naboparopii. KomepuiiiHi TecT-cucTeMu, 30KkpeMa BidyasbHi, 32 UyTJHMBICTIO Ta BUOIp-
KOBICTIO HE 3aBXIM 33/I0BOJILHSIOTH BHMOTaM, IO BHUCYBAIOTHCS O METOJIB aHaJi3y
MOPCBKHX aKBapiyMHHX BoJ. [IpsiMa moTeHuioMeTpis i3 3aCTOCYBaHHSIM BHOIPKOBHUX 110
NO; Tta NO, ioH-cenektuBHuX esekTpofiB (ICE) BOauaeThcs NEepCeKTHBHUM METOIOM
JUIsl pO3B’sI3aHHS TIOCTABJICHOT 3a/1aui.

B npencrasneniii po6oti uis BusHaueHHss NO3; 3acTOCOBaHO JBa IIJXOIH: 13 3aCTO-
cyBaHHAM NO; -uyrmuBoro ICE Ta i3 3acrocyBanusiMm NO, -uytnusoro ICE. B xoni
IOCTiKeHb OyJo onThMizoBaHO crocid BimmineHHs ioHIB Cl, gKi 3aBakaroTh poOOTI
ICE npm peamizamii mepmoro miaxomy Ta CHoci0 MaKCHMAaIBHO IIBUAKOTO Ta TMOBHOTO
moriepeHROTO BimHOBIIEHHS NO; IpH peaizallii APYroro miIxoay.
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JIyist 3MEHIIEHHS BIUIMBY (DOHOBOTO CHTHAJy IPH aHali3i 3pa3KiB i3 CKJIQJHOIO Mart-
PHLEI0 MOTCHUIOMETPUYHMM METOAOM 3a3BHYall 3aCTOCOBYIOTH PO30aBICHHS YHCTUM
PO3YMHHUKOM, 3aCTOCYBaHHS CTaHIAPTIB i3 TaKOK CaMOK0 MATPHICI0 Ta METOJA CTaH-
JapTHUX 100aBoK. byno mokasaHo, 1o mepimi aBa CIOCOOM HE JAIOTh 3aJ0BITBHHX
pe3ynbpTariB, abo BHACIHIIOK HEIOCTATHHOI UYTIMBOCTI, a00 BHACTIIOK 3a0pyIHEHOCTI
NO; -ioHamMu TmpemapaTiB coJyiel, SKi BHKOPHUCTOBYIOTH [UIsl CTBOPEHHS (POHOBOTO
po3uuny. Tomy B moaasbliiii po6oTi OyJI0 3aCTOCOBAHO CaMe METO.I 100aBOK.

Po3pobiieni MeToauku Oyiio ampoOOBaHO IMPH aHAi3i PO3YMHIB, IO 33 CKIAIOM
IMITYIOTh MOPCBKY BOJY, PO34MHIB IPHUPOJHOI MOPCBHKOI COJII Ta peajbHUX Mpod BOIH 3
MOpPCBKOro akBapiyMy. OTpuMaHi pe3yibTaTH CBII4aTh NpPO 3a/J0BUIbHY YYTJIHBICTb,
MIPaBUJIBHICTh Ta BiITBOPIOBAHICTH 3aIIPOIIOHOBAHOT METOTUKH.

Nataliia Smyk, Olga Zhaporozhets, Bogdana Kopanitsa

POTENTIOMETRIC METHOD OF NO3;/NO, LEVEL DETERMINATION FOR AQUARIUM
WATER QUALITY ANALYSIS

Taras Schevchnko University of Kyiv, Department of Analytical Chemistry,
Lva Tolstogo Str., 12, 01033 Kyiv, Ukraine, e-mail: nataliiasmyk@knu.ua

The concentration levels of nitrate and nitrite in water environments are important indicators of aquarium
water quality and are associated with pollution of eutrophication and bloom. As the levels in seawater are
generally low, the sampling and concervation are changed component ratio, the need for frequent testing,
sensitive, quick and cheap method for in-site analysis is necessary for quantification. In our potentiometry with
nitrite- and nitrate- ion selective electrodes was used for the solution to the problem. The standard addition
method was used as the way of overcome a significant “salt effect”. The present method was successefully
applied to the fast and sensitive determination of NO;™ and NO;  in artificial solution of sea water and real sea
aquarium water samples.

Key words: potentiometry, sea water, nitrate, nitrite.
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[IpomucnoBi CTivHI BOIH, IO SKUX BITHOCATHCS CTiYHI BOAM TabBaHIYHOTO BHUPOO-
HUIITBA, MOXYTh MICTUTH 3HAYHYy KUIBKICTh 10HIB BaXXKHX MeTalliB. B yMOBax BHCOKHX
BUMOT JI0 €KOJIOTTYHOCT] ITPOMHCIIOBHX MPOLECiB Ta 3MEHIICHHS TPAaHMYHO- IOy CTUMHUX
KOHIICHTPALIil aKTyaJIbHAM 3aJIMIIA€THCS CTBOPEHHS Ta BUKOPUCTaHHS METOMIB, 5Ki 3
MEHIIMMH 3aTPaTaMHt OUUILYIOTh TPOMHUCIIOBI CTIYHI BOJH BiJl BAYKKHX METaIIB.

3anpornoHOBaHO METOJ| OYMCTKH, SIKUA IPYHTYEThCS HA OTPUMAHHI HEPO3UMHHHUX
CHOJIYK 3 I0HAaMM METaJiB 3a y4acTi cynb(iaiB Ta HonicynbdifiB, 0 YTBOPIOIOTHCS MPU
KaTONHIH MmoJispu3allii Cipko-rpadiToBOro eneKTpoia.

Mertoto nociimKeHb O0yJ10 BCTAHOBJICHHS KUTBKICHOTO Ta SKICHOTO CKJIaly MPOJIYKTIiB
BIZTHOBJICHHS €JIEMEHTApHOI CIpKM NpH KaTOAHIM mosspu3alii cipko-rpadiToBOro eiek-
TpO/ia B HEUTPAIbHOMY Ta JIy’)KHOMY CEpeIOBUINAX, TA IX y4acTi B yTBOPEHHI HE PO34HH-
HHUX CIOJYK LUHKY. CipKo-rpadiTOBHI eNeKTpol BUKOPUCTOBYBABCS Y IPOLECI eleK-
TPONI3y UL OAEp:KaHHS MPOTYKTIB BiAHOBICHHS CIIEMEHTHOI CipKM MpH KaTOMHIN MO-
nspu3anii. EIexTpon BUTOTOBICHO METONIOM CIUIABJICHHS MOPOIIKOIIONIOHOT CipKH Ta
JUCTIEPCHOTO TpadiTy.

KinpkicHUi Ta SIKICHUH CKJIaJ] MPOAYKTIB BiTHOBICHHS CIPKH OTPUMYBAII THTPOMET-
pUYHUM MeTonoM [1], eneKTpoaHI MPOIECH AOCHTIHKYBAIA METOIOM MOJSPU3AIliHHUX
KPHMBHX, a KOHIIEHTpallii i0HIB IIMHKY 10 1 MiCJs €IeKTPoIi3y B KoMipii eMHicTio 100 mit
BCTAHOBJIIOBAJIM METOJIOM iHBEPCiiHOT BOJIbTaMIIEPOMETpii Ha MAacTOBOMY rpadiToBOMY
obeproBoMy enektponi. [louarkoBa koHuneHTpanis ZnSO4 B po3unHi Ha (HOHI aMia4HOTO
oydepa abo y #oro BincytHocti — 0,001 Momb/1I.

OTprMaHO MiATBEPIUKEHHS 3allPOIIOHOBAHOTO Yy MOMNEpenHiX pobdoTax MeXaHi3My
BiTHOBJICHHSI CJIEMCHTAPHOI CIpKH TPH KaTOAHIN monspu3amii [2,3], skuil monsrae y xi-
MIYHOMY PO3YHHEHHI, K€ CTHMYJIIOETHCS EJICKTPOXIMIYHUMHE MPOIECaMH, a caMme: M-
JMY’KHCHHSM TIPUENIEKTPOJHOTO MIAPY B PE3yNbTaTi BHIINIEHHS BOJHIO, 301MBIICHHSIM
KOHIICHTpAIii Cynb(ia-i0oHIB IPH BiTHOBJICHHI MOJICYIb(]in-iOHIB HA eNEeKTPOIi 3 Hac-
TYIHOIO iX B3a€EMOZI€I0 3 i0HaMHU UHKY (puc. 1).

KinpkicHU# Ta SAKICHHI CKJIa] MPOAYKTIB BiIHOBICHHS CIIEMCHTAPHOI CIPKH IPH Ka-
TOJHINM moJsipu3allii BCTAaHOBJIIOBAIM B YMOBAaX IOCTIHHOI KINBKOCTI €NEKTPUKH, SKa
BUTpavaacs Ha eJeKTpoi3 i cknanana 21,6 Ki (360 MA -xB).

[Tpn HU3BKHX CTpyMaX yTBOPIOETHCS OLIbIIIE CIIONYK, SIKi MICTATh KUCEHb — TiOCYJIb-
¢atn Ta MeHIIA KUTbKICTh CynbdiaiB (puc. 2). 3MEHIIEHHS CyMapHOI KOHIIEHTpaii npo-
JIYKTiB PO3YMHEHHSI MOKEe OyTH ITOB 53aHO i3 301IBIICHHSIM YacTKH CTPYMY, sKa e Ha
BUIIJICHHS BOJIHIO 1 3MEHIICHHS YaCTKH CTPYMY IOB SI3aHOTO i3 MEPETBOPEHHSM CIpPKH.
KpiMm TOro, KarogHMWii Ta aHOAHMH MPOCTIp HE PO3IUILETHCS B EIEKTpoii3epi 1 Oyio
TIOMI4€HO YaCTKOBE OKHCHEHHs Cyb(]i/iB Ta mosicynbdiniB Ha aHOI.
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2H,0+2¢ = H,+20H-
3S+ 60H = 28* + SO* + 3H,0
_, 4S+60H =28*+S,0. +3H,0
S+2e=8*
nS+ §*=8§ *;n>2

S+ ne=nS*;n>2

Me*+S* = MeS
Me?*+S = MeS,

Puc. 1. MexaHi3M KaTOIHUX MPOIIECIB

Fig. 1. The mechanism of cathode processes
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Puc. 2. 3anexHicTh KOHIEHTpALIT IPOLYKTIB
BiJHOBJICHHS CiPKHU Bii TYCTUHH CTPYMY
eJIEeKTpOIIi3y: 1-cyMapHa KOHIIEHTpAIlis,

2-cynbdigu-tmonicynbdinm,
3-tiocynbdaTu+cynsditu
Fig. 2. Dependence of the concentration of
sulfur reduction products on the electrolysis
current density: 1-total concentration,
2-sulfides+polysulphides, 3-
thiosulfates+sulfites

EnexTponiz 3 MeTol0 0cCamKeHHS
Cynmb}iliB IHHKY, 3 PO3YHHY HPOBOIILTH
B YMOBaX IMOCTIHHOI KITBKOCTI €IEKTPUKU
21,6 Ki (360 MA-xB), sKa BHTpayayach
Ha eNeKTponi3 Ha (oHI amiagyHOTO OYy-
(dhepa Ta 6e3 HBOTO.

Ha 3anexHOCTi 3HaYeHHSI 3JIUIIKOBOT
KOHIICHTpAIlii MO0 10HAM I[MHKY IiCJIs
CIIEKTPOI3y BIZl CTPyMy EJICKTPOII3y
(puc. 3, a), HasgBHICTb MIHIMyMYy TOBO-
PHUTB PO HAKHOIIBITY ePEeKTUBHICTH OCa-
JKCHHS! 10HIB IMHKY NP TYCTHHI CTPyMY
0,29 MA/cM.

Takuit xim rpadika 0OYMOBICHHIHA
BIUTMBOM Ha YTBOPEHHS CyIb}idiB Ta MO-
Ticynp}iniB MUHKY IIBUIKOCTI YTBOPEH-
H caMux cynb(dimiB Ta momicynbdinis;
30UTBIIICHHS]  KOHIICHTpAIlii  TiAPOKCHII-
iOHIB; IHTCHCHBHOCTI MepeMillyBaHHs;
MPUENEKTPOAHOTO LIapy Ta MOXKIIHMBICTIO
OKHCHEHHS CyJibdigiB Ta nomicyibdigi
Ha aHO[1.

3aJeXHICTh 3aJHMIIKOBOI KOHIIEHTpa-
il Bixg cTpyMy, siKka OTpHMaHa y BiACYyT-
HoCcTi ¢oHy (puc. 3, 6) mokasye 30i1b-
IICHHS KOHIICHTPALii IMICIA EeNeKTPOIizy
Ta 3MiIIeHHs e(peKTUBHOI TYCTHHI CTPyMY
10 0,58 MA/cM”. BiporiaHo, B HeHTpas-
HOMY CEepeIOBHILI, OITBIINI CTPYM HEO0O-
XIAHAN U THIUTY)KHCHHS TPUCIICKTPOI-
HOTO [Iapy NMPH BUALICHHI BOJHIO.

[MpakTyHKMi ~ iHTEpeC  CTaHOBHTH
IIBUJIKICTh 3MCHINICHHS KOHIIEHTpAIlii 10-
HIB MeTajy B PO34MHi. |[HTEHCHBHE 3HH-
JKeHHSI KOHIEHTpalii Ha (oHI amiaqHOTO
Oydepa BinOyBaeTbcsi 3a mepui 80 xB
enektponizy. [1oTiM MBUAKICTE CITOBLNTB-
HIOEThCS 1 3a 40 XBWIMH 1ocsrac 3Ha-
uenns 3-10° monw/n. 36inbmenns crpy-
My eJNEKTpOIi3y HpH BiacyTHOCTI Oydepa

103BoIIsIE 3a 80 XBHIIMH JOCSAITH KOHIEHTparii Merme 3a 1-10 Moms/in.

B pe3ynbTaTi BUKOHAHHMX JOCHTIHKEHb MMOKAa3aHa 3aJICKHICTh 3aIHUIIIKOBOI KOHIICPH-
Tpamii MUHKY MICNI eJIEKTPOIIi3y 3a y4acTi CipKo-rpadiToOBOro eleKTpoaa Bifl MPOIECiB
YTBOPEHHS Cyib(]iIiB Ta MOTICYIb(IiB; BUAICHHS BOIHIO; IHTCHCHBHOCTI BiJBCICHHS

MPOJYKTIB peakuii BiJi HOBEpXHi eJIEKTpo/a.
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Puc. 3. 3ayiexHiCTh 3TMIIKOBOI KOHIIEHTPALIIT i0HIB IIHHKY Bi/l TYCTHHH CTPyMy €JIEKTPOJIi3y,
Q=21,6 Kn: a) amiaunuii 6ydep, 6) 6e3 amiaunoro Oypepa

Fig. 3. Dependence of residual concentration of zinc ions on the electrolysis current density,
Q =21,6 C: a) ammonia buffer, b) without ammonia buffer

Jlo 3aranbHUX BUCHOBKIB MOXKHA JIOJIATH, IO 3alPOIMOHOBAHHI METOJ| OUHUCTKU MA€E
MEePCIEKTUBY MPAKTUYHOTO BUKOPUCTAHHS, OCKLIBKM HAJa€ MepeBard Yy PerysoBaHHI
IIBHIKOCTI MIPOIIECIiB BETMYMHOIO CTPYMY Ta 3MEHIIICHHI OJUHUIIb 00JIaTHAHHS.

1. Llapno I'. Metonsl aHanuTHYecKoi xuMuu. — M.: Xumus, 1965. — 1206 c.
Cmpemeywkuii O. I. CHHTE3 TOHKHX HaIiBIIPOBITHUKOBHX ILTIBOK CYJIb(idiB €IEKTPOXiMIYHIM
BigHOBIEHHIM cynbQypy // CydacHi mpoOieMu eleKTpoximii: ocBiTa, HayKa, BUPOOHHUIITBO:
30ipHMK HayKoBHX Ipans. - Xapkis: HTY "XIII", 2015. — C. 187-189.

3. Crpemenpkuii O. 1. ExexkrpoxiMiunuii cuHTe3 cyab}iniB BiTHOBICHHSIM eIEMEHTHOI CipKH //
Bormp. xumuu 1 xum. TexHonoruu. —2011. — Ned (2). — C. 210-212.

Oleksandr Stremetskyi, Alla Ganzyuk

DEPOSITION OF ZINC SULFIDES BY ELECTROLYSIS WITH A SULFUR-GRAPHITE
CATHODE

Khmelnytskyi National University, Department of Chemistry and Chemical Engineering,
11 Instytutska Str., 29016 Khmelnytskyi, Ukraine, e-mail: aistrem@ukr.net

The quantitative and qualitative composition of the products of reduction of elemental sulfur at cathode
polarization of sulfur-graphite electrode is established. The mechanism of formation of sulfides at cathode
polarization of a sulfur-graphite electrode in a solution of ZnSOy, is proposed. The complex dependence of the
residual concentration of zinc ions on the electrolysis current density with a sulfur-graphite cathode at constant
total electric charge passed through the electrolyzer is explained.

Key words: sulfur, zinc sulfide, electrolysis, deposition.
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®A30BUM CKJIA EJEKTPOJITUYHUX CILTABIB 3AJII3A 1 KOBAJIBTY
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EnextpoocamkeHHs METalliB TpiaJd 3aii3a i3 MONiOIECHOM 1 BOIb(PpaMOM 3aJICKHUTH
BiJl TEPMOIUHAMIYHHX, KPUCTATOXIMIYHMX XapaKTEPUCTUK CIUIABOTBIPHUX METAIIB i Ki-
HETHYHUX TapaMeTpiB KaToJHOTO mpouecy. Jo Koma TepMoIUMHAMIYHUX BiJHOCSTH I10-
TEHI[IaJId METaiB, €JICKTPOHETATUBHICTD 1 CITOPIAHEHICTh 10 OKCUreHy (Tabi. 1), CXuiib-
HICTH JO TiApONi3y 1 KOMIDICKCOTBOPEHHS [1]; KpucTamoximivHi BiIOMBarOTH OyIOBY i
mapaMeTpy T'paTKH, PO3MIpH KaTiOHIB a00 OKCOMETasaTiB, sKi B 3HAYHIA MIpi BIUIH-
BAalOTh HAa B3a€MHE PO3TAIlyBaHHs i BOYIOBYBaHHS aTOMIB Y KPUCTAJIIYHY I'PaTKy CIUIABY
[2]. CriBBiTHOIIEHHS KOHIIEHTpAIliil CIUTABOTBIPHUX METAJB B €JIEKTPOJIITI, PEXKUMH 1
napaMeTpH eJIEKTPOIII3y € IHCTpyMEHTaMH, sKi 3a0e31eUyI0Th IT0/I0JaHHs HEPreTUIHOT
Ta TEOMETPUYHOI BIZIMIHHOCTI CTIPSKEHO BiTHOBIIIOBAHUX MeTaliB [3, 4].

bnu3pki 3HaYeHHS NepIIMX IOTEHLIANIB 10HI3aWil 3aii3a, KoOanbTy i Bonbhpamy
CTBOPIOIOTh HEPEIYMOBHU IJIsi YTBOPEHHS KOBAJIECHTHUX 3BSI3KIB MDK aToOMaMH, TOMY
IMOBIpHE CITIBOCaJUKEHHS IIMX METANIB Yy CIUIaB 3 YTBOPEHHSAM iHTepMeTainiB (Tadi.l).
OpnakoBi OLIK kpucramiyHi IpaTKd CIDTABOTBIPHUKIB CIPUATHMYTDH CIIBHIA KpHCTa-
mizauii y crutaB Fe-Mo-W. BinMiHHICTh KpUCTaNi4YHUX I'PaTOK KOMIIOHEHTIB MOKPHBIB
Fe-Co-W(Mo) Buknmkae nedopmarito IpaTke CIDIaBy Ta ralbMyBaHHS JIHIHHOTO pPOCTY
KPHCTAJIB, sIKE BEJE 10 YTBOPCHHS COMATOIIHHX CTPYKTYP. ATOMHI paz[iycn Co,Moi W
61JILI.HC pamycy Fe na 7, 11 i 20 % BiznmoBigHO, 10 MiABHUILY€E IMOBIPHICTB nepexoy

HOJ‘IleI/ICTaHI‘{He —amopdre” [5]. [domatkoBuMm dakropom amopdizaiii HOKPUBIB €
napasenbHe BUAITICHHS Ha KaTo/li BOJHIO, SIKE YCKJIQAHIOE Ta TAIIbMY€E MPOIEC 00y 10BH
KPHUCTAJIIYHOI IpaTku [6].

AHaii3 3aKOHOMIpHOCTEH BiTHOBIICHHSA METAJIiB Y TepHApHI CIUIaBH [7] J03BONHB Ha-
JIaTH MEXaHI3M KaTOJHOTO MpOLECY y3arajlbHeHOI cxeMoro (puc. 1), sika BinOuBae oc-
HOBHI cTaii: HEOOOPOTHHI PO3PSA TETEPOSAECPHUX KOMIUIEKCIB 3 TOIEPEIHBOIO HCO-
Liamni€ero i BUBUIbHEHHAM Jiranay. Cxema BpaxoBye 10HHI peakuii rizpoisy, yTBOpeHHH
KOMHJ‘IGKCIB 1 TIONiaHIOHIB B ENEKTPOIITI 3a y4acTio depymy(1II), IUTPATY, MoO,*
WO,” (puc. 1, mapmpytu Al, A2, A3), cymimene BigHoBeHHs 3ami3a (B1), 1<06aany
(B2), cpsikene BigHoBaeHHs MoO,” i WO, i3 Fe i Co (B3), Buainenns oo (C), a
TaKOXX BIHOBJICHHS MPoMiXHUX okcuaiB WO, i MoO, ag-aromamu H.

Ta6auns 1. TepmoauHaivHi 1 KPUCTANOXIMIUHI TapaMETPH CIIABOTBIPHUX METAJIiB

Table 1. Thermodynamic and crystal-chemic parameters of alloying metals

[apamerpu Fe Co Mo w
Enepris ionizariii, ¢B 7,87 7,86 7,10 7,98
Enepris 38’s13ky M—0, x/x/Monb 218,0 238.0 274,0 223.0
ATOMHHH pafiyc, HM 0,117 0,125 0,130 0,141
CTpyKTypa rpaTku OLIK reKcaroHaJIbHa OLK OLIK
[TapameTpu rpatku, A 2,866 a=2,505, ¢=4,089 3,147 3,160
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Fig. 1. General scheme for ternary coatings electrodeposition
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Fig. 2. X-ray patterns for coatings,
at.%: Fe;3Mo, Wy (a), FessCoszsW g (D),
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Po3pobneni 3 ypaxyBaHHIM 3aKOHOMIPHOCTEH 1 MeXaHi3My MPOIIECIB EIEKTPOIITH i
pexuMu enekTporizy [8] 3abesmedyioTs GopMyBaHHA TepHApHUX MOKPHBIB BapiiioBa-
HOTO KUIbKiCHOTO 1 pazoBoro cknany (puc. 2, a). Ha qudpakuiiinux cnekrpax Fe-Mo-W
MOpsiA 13 JiHIAMHU MigHOT miakinanku, o-Fe i Fe;C nasBHi Biaryku inrepmerainigie Fe;sMo
i Fe;Ws. Lle minTBepaxye KOHKYpeHTHE BinHOBiIeHHS Mo i W y criaB. ['ano Ha kyTax
20 40 — 60° BigmoBinae aMopdHiN CTPYKTYpi 3 PO3MIPOM 30HU KOTE€PEHTHOT'O PO3Ciro-
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BaHHs L = 6 M. HasBHicTs Ha mudpaxrorpamax Fe-Co-W mniniit intepmeraninis Co, W
i Fe;Ws (puc. 2, 6) nae migcraBu cTBEpIKyBaTH Ipo KoHKypeHIiro Mix Fe i Co mpu
OCaJDKCHHI CIUIaBy, SIK BUTIKA€E 3 aHANI3y TCPMOJMHAMIYHHX XapaKTEPUCTHK. ['ano mm-
pusnoto 10° Ha kyrtax 20 50-55° i L =8 HM BimnoBimae amopdHii CTPYKTypi CILIaBY.
Crextpu Fe-Co-Mo Bipi3HAIOTECS OUTBII IIMPOKUM Tajio Ha KyTax 20 45-58°, L =7 am
(puc. 2, ), HasBHicTIO TiHIA iHTepMeramiaiB Fe;Mo, Fe;Co, FeCo, ane BigcyTHicTIO
¢asu CoMo. Iarepmeraninu Fe;Mo, Fe;Co cBimuaTh mpo KOHKYpEHTHE BiTHOBJIICHHS
K00abTy 1 MOJIOIEHY 3 TETEPOSACPHUX KOMIUIEKCIB 1 MiATBEPKYIOTh 3aIIPOTIOHOBAHIH
y [7] mexaHi3Mm.

[TpoBeneHi pociiKeHHS JOBOSTH KOHKYPEHTHE BiJIHOBJICHHS CIUIaBOTBIPHUX METa-
JiB y TEpPHApHI KpUCTalidHO-aMOpGHI CIUlaBd, (a30BUN CKIa[ SKAX 3aJICKHUTH BiJ
KPHUCTAJIOXIMIYHUX MTapaMeTPiB KOMIIOHEHTIB.
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PHASE COMPOSITION OF IRON AND COBALT ELECTROLYTIC ALLOYS WITH
REFRACTORY METALS

National Technical University «Kharkiv Polytechnic Institute», Department of General and Inorganic
Chemistry, Kyrpychova Str., 2, 61002 Kharkiv, Ukraine, e-mail: vimv@kpi.kharkov.ua

The mechanism of competitive reduction of metals in ternary cobalt and iron alloys with tungsten or
molybdenum caused by differences in thermodynamic parameters has been confirmed. A scheme is proposed
that reflects the mechanism of codeposition of metals in an alloy. The revealed differences in the phase
composition of crystalline-amorphous coatings are due to the influence of crystal-chemical parameters of
alloying metals. It was found that coatings contain intermetallides FesMo i Fe;Wg, Co,Ws 1 Fe;Ws , FesMo,
Fe;Co, FeCo, and the coherent scattering zone of the amorphous phase is 6 — 8 nm.

Key words: electrodeposition, phase composition, ternary alloys.
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Beryn. IMepokcunornroBa kucnora (IIOOK) — nie cuiibHu 1€3iHQEKTAHT 3 MHUPOKUM
CHEKTPOM AHTUMIKpOOHOI aKkTHBHOCTI. bakTepuummHa Ta CHOpONMIHA KOHIIEHTpAamis
I[NOOK Bignosinae 3aauernsM 0,001...0,3 %, a HanpuKIam, MEPOKCHAY BOIHIO — BiAIIO-
BigHO 1...3 %. BukopucToByeThcs SK HE31H(EKTaHT B XapdoBi MPOMHCIOBOCTI
(0,015...0,03 % mo ITOOK) Ta memutusi (=0,1 % mo IIOOK), ans ne3iHdexmii cTigamx
Box (mepearu [IOOK: BincyTHI CTifiKi TOKCHYHI TOXiIHI, HE3HAYHA 3aJICKHICTH Bix pH,
e(eKTUBHICTh Ta KOPOTKHH Yac KOHTaKTy). LIIupokoMy pO3NOBCIOPKEHHIO MEPEIIKOo-
Jokae Bucoka Bapricte [IOOK mnoB’si3aHa 3 00MeXEHUM BUPOOHHUITBOM Ta HETPUBAIUM
TepMiHOM 30epiranus. Sk Bimomo, B mpommucioBux macirtabax [TOOK opepxyroTh
XIMIYHUM METOIOM. BHKOpHCTaHHS EJICKTPOXIMIYHOTO CHHTE3Y JO3BOJISE OJCPKYBaTH
ITOOK BucOKOT UNCTOTH OE3MOCEPEAHBO Ha MICISIX BUKOPUCTAHHS, TUM CAMHM BHKJIIO-
Yalo4u BUTpaTH TOB’si3aHi 31 30epiraHHsM Ta TpaHcnopryBaHHsM [1—3]. Kuciora
BUPOOIISETHCS Y KUTBKOCTI HEOOXITHIH A1 CIOKUBAHHSI.

AxTyanpHoo TmpoOnemoro B enekrpoximiunomy cuHTe3l IIOOK € momyk mpomo-
TOpiB yTBOpeHHs mnepokco-rpymu [1—3]. AHioHM amcopOoBaHi Ha MOBEPXHI EIEKTPOLY,
BIUIMBAIOTh HA CEJEKTUBHICTh AHOJHOTO MPONECY Ta INBHAKICTH BUAIJICHHS KHCHIO.
Mexani3Mm nii 706aBOK CKIaIHWNA, IHIUBIAyaJIbHUI B 3aJIeKHOCTI BiJ TMPHUPOAHM Ta IO
KiHI He 3’sicoBaHuil. ToMy Benukuii iHTEpeC BHUKINKAE TOCIIKCHHS BIUIMBY JOOABOK
pomanin- [4] Ta rajoreH-ioHiB Ha KIHETHKY aHOIHHUX IPOIECIB B BOIHHUX PO3YMHAX
onToBoi Kucinotu. Tum Oinei, mo CI ta F SBIAIOTHCS MPOMOTOpaMU TPH €IEKTPO-
XIMIYHOMY CHHTE31 EPOKCHANCYIIb(ATHOT KUCIOTH Ta 11 coJel.

Meta podorn. JIOCHiauTH BJIMB POJAHIA- Ta TrajOrcH-iOHIB Ha KIHCTUKY aHOIHHX
MPOIICCIB B BOMHOMY PO3YHHI 3 mous/mm> CH;COOH + 0,5 moss/am® H,SO,.

MeTtoanka ekcnepuMeHTy. EnextponiTé roryBanu 3 KOHLEHTPOBAHOI OLTOBOI Ta
Cynb(aTHOT KHCIOT MAPKH «XW».

BonbT-amriepHi 3aneKHOCTI OTPUMYBAJIM 3a JOINOMOTOIO IMITYJIBCHOTO ITOTEHIIO-
crary I1I-50-1 3 mporpamaTtopom ITP-8. IlIBuaxkicte posroprku noreHuiary 10 mB/c. Tlo-
NApU3aliifHi BEMIpH MPOBOIIIA B CIEKTPOXIMIUHIA KOMIpIi mpu Temreparypi 284...
287 K. $Ik aHOJ BUKOPHCTOBYBAIM IUIATHHOBHII THCK 3 po60u0i0 moBepxHero 1,13 oM.
JlommoMi>KHUH eeKTpo — IutaTuHa. ENeKTpox MOpiBHIHHSA — XJIOPHIACPIOHHH, migBeae-
HUI 70 TIOBEpXHi aHOIY 3a JOIOMOTOI0 CKJITHOTO Kifoda. Bci 3Ha4eHHS MOTEHIliamiB
nepepaxoBaHi BiTHOCHO BOJHEBOTO €JICKTPOLY.

EnexTposii3 npoBoaWIIM B €IEKTPOIIi3epi 3 PO3AUICHHSIM KaTOJHOTO 1 aHOAHOTO MpPO-
cTopy AiadparMoro 3 MOMIBIHUIXIOPHIY. 3aaHy TEMIIEPaTypy CICKTPOJITY MiATPUMY-
BaJIM MPOITyCKaHHAM npotoyHoi Boau (278...281 K) uepe3 oxoi0mKyrody KaMepy eJek-
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Tpoitizepy. [xepeno >kuBIeHHS NocTiiHOTO cTpyMy b5-46. AHon — mnaruHa, 3 po0o-
4010 moBepxHero 17,5 em”. Jonomixkuuii enexrpox — 12X18HI0T.

Konnenrpanito HamparmpoBaHoi I[TOOK Bu3Hauanmm MeETOAOM HOZOMETPHIHOTO
TUTPYBaHHS.

Pe3ynbTaTn excmepuMeHTY Ta ix oOrosopenHs. IlonmspusamiiiHi 3aimexHOCTI
oTpuMaHi s 3 MOJIB/ M CH;COOH + 0,5 MOJB/ M H,SO, 3 nobaBkamu ionis: CNS’,
I', CI', Br . Jlo6aBka i0HiB 3iHCHIOBAIACH IIISIXOM BBEJCHHS B CIICKTPOJIIT BIAMOBIIHUX
coneit myxkuux meraii. Jlo6aeka ioniB CNS', I, CI', Br B kinbkocTti 0,001 MOJIB/ M’
rajJbMye€ IpoLEeC BUAIICHHS KHCHIO B YChOMY 1HTEpBali AOCIIKYBaHUX I'YCTUH CTPYMY.
Ipu npomy Haxun TademiBCbKUX IISHOK, IO BiANOBITAIOTh MPOIECY €ICKTPOXiMiy-
Horo ytBopeHHst [IOOK [1, 2], 3MeHIIUBCS MOPIBHSIHO 3 aHAIOTIYHOIO 3aJICHKHICTIO JUIS
BUXITHOTO CKJaay eNeKTpomiTy. ['adbMyBaHHsS BHIIICHHS KHCHIO Ha IUIATHHI IIpH
HU3BKHAX KOHIICHTPALiAX JO0ABOK BIIOBIIHUX i0HIB MOXKHA TOSCHHUTH CIEIH(ITHOO
ancopobuiero CNS™, I', ClI', Br Ha moBepxHi po0040ro eJIeKTpomy.

30inpmennas konnentpamii ioHie CNS°, I, CI', Br mo 0,01 MOJIB/IM’ Ta BUIIE
MIPU3BOIMTD JI0 TIEPEBaXHOI afcopOIlii BiAMOBIMHMX 10HIB HAa TIOBEPXHI POOOYOTO eJeK-
TPOAY Ta 3HIKCHHIO MOJSpH3allii aHOAY IpH MOTEHIIalax, M0 BiANOBITAIOTh MPOIECY
BUIUIEHHS KHCHIO.

B Tabaumi 1 mpuBeaeHi pe3ynbraT enekrpoximiuHoro cuuTtedy ITOOK Ha mmaTu-
HOBOMY €JIEKTPOJI.

Ta6mmus 1. Pesynbratu enexrpoximiunoro cuaredy [IOOK Ha miaTHHOBOMY €JIEKTPOJi
Table 1. Results of electrochemical synthesis of PAA on a platinum electrode

CkJaz enexTpoiTy, I'yctuna Q, Buxin 3a ctpymom | Cpooks,
Mons/on’ crpymy, mA/em’® | A-200 TIOOK, % %
Buxinawnii po3und (BP):

CH;COOH - 3; H,SO, - 0,5 100 26 0.12 0.01
BP + 0,001 NH,CNS 160 2,6 0,12 0,01
BP + 0,001 KI 100 2,6 1,24 0,09
BP + 0,001 KCl1 100 2,6 1,46 0,10
BP + 0,001 KBr 100 2,6 1,19 0,08

[IpuBeneni pesynbpratu enekrpoximigaoro cuate3y [IOOK B Tabmuti 1 cBiggaTs mpo
BB n06aBok ioHiB CNS', I', Cl', Br Ha BuUXig 32 cTpyMOM IUIBOBOTO HPOIYKTY Ha
ruatuHi. HaitGinbin edextrBHOMW siBiseThest nodaBka Cl, Tak sik 11 BBEJEHHS /10 CKIaLy
EJIEKTPOJIITY CHPUSIE JOCATHEHHIO MaKCUMaJIbHOTO BUX0y 3a ctpyMoM [TOOK.

Jlo6aBka CNS™ He edexTuBHa, 60 1i BBEACHHS O CKJIAY €JIEKTPOJITY MPHU3BOAUTH
JI0 301IBLIEHHS] 3HAYEHb TYCTHH CTPYMY TPH SIKUX JOCSTAEThCS MOTEHIaIH eJIEeKTPO-
ximigaoro cuntesy ITIOOK, npu mpoMy BHXiJ 3a CTPYMOM Ta KOHIICHTpALis LiJIbOBOTO
NPOJXYKTY 3aJIMIIAIOTbCS HE3MIHHUMH IOPIBHSHO 3 BHXIJHHM CKJIQJIOM EJIEKTPOJITY
(tabm. 1).

BucnoBkn. BeneHnns 1o ckmamy enektpormity modaBok ioHiB CNS', I', Cl, Br
MPU3BOJUTE 0 TaIbMYBaHHS CYMIIICHOTO aHOJHOTO IIPOIECY — BHUAUICHHS KHCHIO.
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30ibIICHHS aHOAHOTO TOTEHIIATy BiOyBaeThcs 3a paXyHOK ancopOlii Ha MOBEpXHi
IUIATHHOBOTO aHOJIYy BBE/JICHUX AHIOHIB Ta 3MCHLICHHS YWCIa aKTHBHHUX LICHTpPIB BUIi-
JICHHS KHCHIO.

JouinpHo BHKOpucTOBYBatH nobaBku ioHiB I, ClI', Br mo emekrpomity mms eiek-
TpoximigHoro cuHTe3y IIOOK, 60 BOHU CIIPHSAIOTH TOCATHEHHIO MaKCHMAaJIbHOTO BHXO-
Iy 3a cTpyMoM KiHneBoro npoaykry (1,2...1,5 %). Konnenrpamnis no6asoxk iouis I, CI,
Br B enextponiti He Mae mepesniyBati 0,001 Mons/mv’. Enexrpoximiummii crHTe3
I[MTOOK porineHO MpoOBOIUTH B Aiama3oHi ryctud crpymy 500...1500 A/Mz, IIpH SAKOMY
CHOCTEPIraeThCsi MAKCUMAJIBHUI BUXiJl 32 CTPYMOM ILIbOBOTO HPOJYKTY.
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A high-purity peroxyacetic acid may be produced by electrochemical method. The necessity of using
peroxo group promoters is justified. The effect of the additions of CNS™, I', Cl', Br ions on the kinetics of
anodic processes in an aqueous 3 mol/dm’ acetic acid solution with sulfuric acid addition have been inve-
stigated by the voltammetry method on a platinum electrode. The addition of CNS", I', CI', Br ions to the
electrolyte composition leads to inhibition of the combined anodic oxygen evolution process. Additions of I,
CI', Br ions to the electrolyte for electrochemical synthesis of peroxyacetic acid are expedient to use, they
contribute to achieving the maximum current efficiency of the final product (1,2...1,5 %). The concentration of
additions of ions I", CI", Br™ should not exceed 0,001 mol/dm®. Electrochemical synthesis of peroxyacetic acid
is advisable to conduct in the range of current densities of 500...1500 A/m? at which the maximum current
efficiency of the target product is observed.

Key words: acetic acid, peroxyacetic acid, sulfuric acid, electrochemical synthesis, promoters of peroxo
group formation, platinum anode.
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Chromium coatings are widely applied in many branches of modern industry to
provide the surface of different products with high microhardness, wear and corrosion
resistance, attractive surface appearance, etc. Cr coatings are commonly fabricated using
electroplating baths based on the compounds of hexavalent chromium, which are extre-
mely hazardous to the environment and operating staff. EU adopted the Regulation
which forbade or severely limited the use of Cr(VI) compounds. Thus, the development
of effective alternatives to hexavalent chromium electroplating is now considered as a
very important problem in applied electrochemistry [1].

Trivalent chromium electrodeposition seems to be a promising option to resolve this
problem. Although a number attempts have been made to replace Cr(VI) electroplating
processes by trivalent chromium baths, very intricate solution chemistry of Cr(III) comp-
lexes in aqueous solutions hinders progress in this field. In the light of this task, the
electrodeposition of chromium from deep eutectic solvents appears to be a promising
alternative to "common" procedures in which aqueous systems are used.

This work summarizes the main results of our study on the electrodeposition of Cr
coatings prepared from a deep eutectic solvent with the addition of extra water [2, 3].

The ionic liquid containing CrCl; + 2.5ChCl + 15H,0 was used in this work, where
numbers denotes the molar proportions between the components [3]. Extra water was
introduced into the ionic fluids containing CrCl; and ChCl to increase their conductivity
and decrease viscosity.

A typical SEM images (Fig. 1) characterizing the surface morphology of coatings
deposited from the plating bath based on DES shows the presence of some defects
(micropores and microcracks). In addition, cavities appear on the surface.

Fig. 1. SEM images of the surface
of the coating deposited from the electrolyte
based on DES

Puc. 1. CEM 300pakeHHs MOBEPXHI
HOKPHUTTSI, 0CAJDKEHOTO 3 €JIEKTPOIITY
Ha ocHOBi DES

The X-ray diffraction analysis revealed the formation of amorphous structure of the
coatings. According to the data of EDX analysis, the coatings contain Cr, O, C, and Cl.
The presence of carbon in coatings is associated with the interaction of a part of active
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chromium ad-atoms with adsorbed organic bath constituents. The introduction of carbon
into the electrodeposits impedes surface diffusion of chromium ad-atoms and ensures the
formation of amorphous type of microstructure.

The current efficiency of chromium electrodeposition reaction was stated to increase
with increasing the current density and decreasing the bath temperature (Table 1). The
electrolyte temperature has no appreciable effect on the surface appearance of the
coatings, and semi-bright and uniform layers with a good adhesion to the substrate are
obtained in the temperature range of 30 to 60 °C. The current density has more pro-
nounced effect on the surface appearance of coatings: the surface is relatively rough and
not bright enough when the current density exceeds the value of about 10 A dm™.

Table 1. The effect of temperature and current density on the current efficiency of chromium
electrodeposition reaction in the electrolyte containing CrCl; + 2.5ChCl + 15H,0

Ta6auusa 1. Binus temnepatypu Ta TyCTUHH CTPYMY Ha BUXiJ 32 CTPYMOM peakIii
€JIEKTPOOCAHKEHHSI XpOMY B eNeKTpodiTi, mo mMictuth CrCl; + 2.5ChCl + 15H,0

Temperature, °C Current density, A dm™ | Current efficiency, %

30 24.6
40 3 12.7
50 6.7
60 2.5

5 11.7
50 7 15.6

10 24.1

The coatings with the microhardness of about 550-600 HV can be deposited using
the deep eutectic solvent containing the addition of extra water. It should be noted that
the microhardness of as-deposited coatings prepared in this work is close to that typical
of industrial hard chromium plating (i.e. obtained from Cr(VI) electrolyte).

The corrosion-electrochemical behavior of the deposits was evaluated by potentio-
dynamic polarization technique (Fig. 2). The polarization curve characterizing the elec-
trochemical behavior of "pure" chromium (fabricated from a "common" hexavalent
chromium plating bath) is shown for the sake of comparison (Fig. 1, curve 1). This curve
exhibits all specific features of metallic chromium in an acidic medium: the region of
hydrogen evolution reaction (HER), the active dissolution peak and the regions of
passive and transpassive states. However, the coatings prepared from the DES based
bath have a quite different electrochemical behavior: the active dissolution region dis-
appears from the polarization curve, and the open circuit potential increases (Fig. 1, cur-
ve 2). The transpassive region shifts towards more negative potentials. It is important
that the cathodic branch of the polarization curve corresponding to the HER shifts to-
wards more positive potentials indicating the electrocatalytic properties of the coatings.

Particular electrochemical behavior of Cr-deposits can be associated with the pre-
sence of some carbon in the coatings. Carbon and compounds containing carbon (for
instance, chromium carbides) can be peculiar "cathodic agents" that shift the open circuit
potential to the passivity region.
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Fig. 2. Potentiodynamic polarization curves recorded on chromium deposits in 0.5 M H,SO,
at 25°C. The coatings were electrodeposited from the bath containing 250 g dm™ CrO; and
0.025 g dm™ H,SO; at 40 A dm™ and 45°C (1) and from the bath containing
CrCl; + 2.5ChCl + 15H,0 at 5 A dm™ and 40°C (2). The scan rate was 50 mV s’!

Puc. 2. ToteHuioquHaMiuHi moJspu3amiiHi KpuBi XpoMoBHX ocaziB otpuMani y 0,5 M H,SO,
nput 25 °C. TTokpuTTs GyITH OCAIKeH] 3 eIeKTpoIiTy, 1o Mictis 250 r M CrO; i 0,025 T av >
H,SO, mpu 40 A v 2 1 45°C (1), i 3 enexrpomity, mo mictus CrCly + 2.5ChCl + 15H,0
mpu 5 A qm 2 1 40°C (2). IIBuzkicTs ckanyBaHs noTeHuiany 50 MB ¢!
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VY nauiit po6GOTI AOCTIIKEHO 3aKOHOMIPHOCTI €JIEKTPOOCAKEHHSI MOKPUTTIB CILTABOM XPOM-KapOoOH 3
GNIEKTPOJITY HAa OCHOBI HHM3BKOTEMIICPATypPHOTO EBTCKTHYHOIO pPO3YMHHHKA 3 J00ABKOIO  BOAM.
OxapakTepH30BaHO BILUIMB TEMIIEPATyPH Ta TYCTHHH CTPYyMY Ha BHXiJ[ 32 CTPYMOM pEaKiii eIeKTPOOCaKEHHS
XpoMy. BUBUEHO KOPO3iifHO-eIEeKTPOXiMiUHYy MOBEAIHKY OTPHMAHHUX OCAIiB Y KHCIOMY PO3UMHI Ta MOKa3aHa
@JIeKTPOKATAIIITHYHA aKTHBHICTh IOKPUTTIB XPOM-KapOOH y peaKIlii eIeKTPOBHAIIEHHS BOIHIO.

Kntouosi cnoga: eneKTpoOCaIKEeHHs, XpPOM, TOKPUTTSI, HU3bKOTEMIIEPATYPHUI €BTEKTUYHUI PO3UNHHUK.
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[uxutiyauil eekT eneKTPOXiMIiYHOI TOYKOBO-KOHTAKTHOI KoMyTaii [1] MoxHa BH-
KOPHCTOBYBATH JJISI CTBOPEHHSI HAHOCTPYKTYPHHX CCHCOPHHX C€JIEMEHTIB HOBOTO TOKO-
JHHS, TaK 3BAaHUX KBAHTOBHX CCHCOpIB. B OCHOBI edekrTy, sIKWil crocTepiraerbces,
JEKUTh PoOOTa ENEKTPOXIMIYHOI crcTeMu Yy BHTIIAAI mpoTspkHOoro enementa (I1E) [2].
KopekTHe mporHo3yBaHHS TOBEIIHKH IIi€l cHCTeMH Iependadae CHHTE3 aJeKBaTHOL
MoJeni, Mo 0OyMOBIIOE AOMUTBHICTh po3rriny IIE sk aumHamidHOI CHCTEMH, TOOTO
CHCTEMH, TTapaMeTPH SIKOi 3MiHIOIOTHCS Y Yaci 3 IEBHOIO 3aKOHOMIpHICTIO.

I1E siBnsie co00r0 3aHypeHe y eNEKTPOJIT TBEpAE TiJ0, SKe MPOBOIUTH CTpyM. Tijo
3HAXOIUTHCS Y €JCKTPUYHOMY IO 1 pO3TAlIOBaHE Tak, L0 IIPOEKIis BEKTOpa
HAIPY>KEHOCTI CJIEKTPUYHOrO IMOJII HAa TOJIOBHY BICh LBOTO TiJla MAa€ JAESKE KIHIICBE
3HaueHHs. CamMe y MOMEHT BKIIIOUYEHHS noctiitHoro ctpymy Bunukae [1E. [Ipu npomy Ha
MeXi po3niny (a3 GopMyeThCS POMOAUICHUN Y3I0BXK TOJOBHOI Bici EIEKTPOXIMIUYHUIMA
norenian. OcoONMBICT IFOTO PO3MNOAUICHHS MOJNATAE y TOMY, IO KiHII MPOBITHHUKA
MOJISIPU30BaHi MPOTHIIEKHO, 1 IS TIOJIIPU3allisi MOHOTOHHO 3MEHIIYETHCS B Mipy HaOIH-
JKEHHSI IO NIesKOl MISTHKM B IICHTpi, Je moysipu3amis BimcyTHs. Llfo minsSHKY MOXKHA
Ha3BaTH Meketo iHBepcii momspusarii (MIIT). OpurinaneHi BiacTuBOCTI Ta podoTa I[1E
SICKpaBO TIPOSIBIISIFOTHECS y BHIIAAKY TOYKOBOTO KOHTaKTY SHCOHA [1, 3], sikuit 3aHypeHuit
y eNeKTpOoITiT. Y IBOMY pas3i, SKIIO MPH HAKIAJaHHI TMOTEHIIaTy Marepiall MpoBiTHUKA
3MaTHUH (OPMYBaTH MOKPUTTS LUISIXOM BiIHOBJICHHS OJHOPIAHUX iOHIB (KaTOAHOTO
OCa/DKCHHS) 1 MEpeXOIUTH B PO3YMH Yy BUIJISI 1OHIB (aHOIHE PO3YMHEHHS), MOXKHA
CIOCTEPIraTd HAHOCTPYKTYPHUH e(EKT eNIEKTPOXiMIYHOT TOYKOBO-KOHTAKTHOI KOMYTa-
ii. Y mporieci peamizariii 11poro ehekTy J1Ba Mepiojn CTaHy CUCTEMH 0araTopasoBo 3Mi-
HIOIOTH O/IMH oxHe. [lepmmii nepiox — po3uMHEHHS! IEHIPUTHOTO TOYKOBOTO KOHTAKTY 1
NepepUBaHHs TPSIMOI EIEKTPOHHOI MPOBITHOCTI MK MONIOCAMH JKepelia CTPyMYy.
Jpyruii mepiol — eJXeKTPONIITHYHE 3POCTaHHS JECHAPHUTA 1 CNEeKTPHYHA KOMYTalis I10-
mociB mkepena. Came B iepiiit dasi peamizyerscst I1E.

PosrnssHemo po6oty I1E Ha mpuknami MigHOTO IEeHAPHUTA, SKUi OyB CHOPMOBAHUIA Y
eJeKTPOiTi, mo Mictuth iorn Midi (0,01 MOJIB/IM° BOTHHUMH pozaud CuSOy). ¥V mpomMy
nepiofIi cucTema sBJsie COOO0 METAJICBHI TOYKOBHM KOHTAKT SIHCOHA [3] B Momeni 10B-
roro kKaHamy. JluHamika Tpanchopmarii miei cTpykTypu Oyna ommcaHa HaIiBKiTBKiCHO
pasimie [2]. YV BUXiZHOMY IHOJOXKEHHI, 10 BKJIIFOYCHHS CTPYyMY B370BXk rojioBHOI Bici I1E,
TOYKOBHI KOHTAKT MOXKHA PO3IJISIATH SK MiTHHA KaHAT MPOBIAHOCTI giameTpoM d i
MOBXKUHOMW0 [, (elongated), mo 3’enHye KOHTaKTyro4i enekrpoau. KaHam mpoBigHOCTI
YTBOPIOETHCSI B MOMEHT JIOTHKY BEpIIMHH JICHAPUTA 1 MPOTUENIEKTPOAA B IIPOLIECi POCTY
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JICHIpUTA B eJeKTpuuHOMY mouti. [TamiHHA Hampyrd Ha KaHajli MPOBIIHOCTI KOHTAaKTy
3IeOUTBIIOT0 BU3HAYAETHCS CTPYMOM 1 OMOPOM KOHTAaKTy B Mojeli kaHamy. Llei omip
MOJKHa OIiHHUTH 32 popmyioro [lapina [4]
16 pl
0 — o ( 1)
3z d

Jie p — MIUTOMUH OITip Martepiany KaHaiy (Miai), / — cepeHs TOBKHHA BUIBHOTO MPoOiry
€JIEKTPOHIB B MiJi, d — AiaMeTp KaHaITy IPOBITHOCTI, IpU IboMY d << /.

3BaXkarouM HA BHCOKY BITOPSIIKOBAHICTh CTPYKTYpPH KPHCTAJIUHOI TPAaTKH ACHIPUTA,
MO’KHA BBAKaTH, 10 TIPH KiMHATHii Temnepatypi / = 300A, i mpu BuKoHaHHI pO3MipHIX
CHIBBiTHOIICHB 3 BEIMKOI0 HMOBIPHICTIO CIIOCTEPITa€ThC OANiCTHIHUI PeKUM IIPOITHO-
Ty eNeKTPOHa Yepe3 KaHaj npoixHocTi [1]. 3Bu9aiiHo, MaaiHHSA HAIPYTH JOPIBHIOE Pi3-
HHUIII TIOTEHI[1aJIiB Ha KIHIIX MPOBiAHMKA (KaHaTy MPOBIAHOCTI), | MAKCUMAJIbHY MOJISIPH-
3allito, sSIKa CIIOCTEPIraeThCs B UX TOUKAX, MOXKHA 3HANTH SIK ITOJIOBUHY 1€l pisHuLi. Sk
onucaHo B [2], mii BIUIMBOM CTPYyMY B3ZOBX T'OJIOBHOI BiCi TOBEpXHSI MO3UTHBHO I10-
JISIPU30BAHOI JUISTHKY KaHaTy (3 OOKY KIEMH «+» JUKepesa CTpyMy) PO3UMHSEThCS, a Ha
MOBEPXHI HEraTHBHO MOJSIPU30BaHOI JMUISHKH (3 OOKY KJIEMH «-») BiIOyBaeThcs ocai-
skeHHST Metainy. lIIBHAKICTB €IeKTpOXIMIYHHMX ITPOLECIB MOHOTOHHO 3HMKYETBHCS Bij
MaKCHMaJIbHOTO 3HAYEHHs Ha KiHIIX KaHaly, e MoJspu3anis HaiOuIbIa, 10 HyJIsI — Ha
rpanumi iHBepcii mosstpusarii. [lepeOir mux mporeciB MOB’SA3aHUN 3 POCTOM OIOPY
cucremu. [Iporpecyroua HEOTHOPIAHICTE AiaMeTpa IMPOBiTHIKA O0OYMOBITIOE Ipeid Mexi
Mexmianu Hanpyru (MMH), a 3Haguts i MIII, B HanpsAMKy 30HU KaHaIy, KOMyTOBaHO] 3
MO3UTHBHOIO KJIEMOIO JKEpeTa CTPyMy.

TaxkuM YMHOM, MOKHA CTBEPUKYBATH, IO KaHAJ MPOBIIHOCTI TOYKOBOTO KOHTAaKTa,
3aHYPEHHI Yy EJIEKTPOJIT, B CIICKTPUIHOMY IT0JIi € TUHAMIYHOIO cucTeMoro. Ha mingcrasi
HaBEJICHOTO OIMCY CHHTE30BaHA MaTeMaTHYHa MOJENb TUHaMI4HOi cucteMu. [Ipu 1po-
My (opMa KaHally TIPOBIJJHOCTI B MPOLIECI PO3UNHEHHS OyJa alpoOKCHMMOBaHa yCIYEHHM
KoHycoM. OTpUMAaHO OIIHKY 3aJIeKHOCTEH mpuBeaeHoi koopauHatu MIIT () i miamerpa
KaHaJTy BiJl TOBIIMHM PO3YMHEHOTO IIapy METajly MpU MaKCHUMAJIbHIH mossipu3anii, T00-
TO Ha KiHI[l KaHaIly, KOMYTOBaHOTO 3 KIIEMOIO «+.

3onHa moBepxHi, mo npuisirae 10 MIII, 3a Bu3HaueHHsM, c1abo nonspuszoBana. Lle
JIO3BOJISIE 3HEXTYBATH TPAHC(HOPMYIOUMM BIUIMBOM EJIEKTPOXIMIUYHHMX peakmid Ha Io-
BEPXHIO, 10 mepexonuTh npu apeidi 'l 3 TO3UTHBHO MONSPHU30BAHOI 30HH, B 30HY,
sIKa TIOJISIPU30BaHa KaToMHO. TakuM YMHOM, 3’ SIBISIETHCS MOKIIMBICTE Bi3yaii3allii mpo-
¢itro KaHaMy miA yac po3unHeHHA. HabnrmkeHHs 10 MOMEHTY ITOBHOTO PO3YHHEHHS KA-
HaJly POBITHOCTI CYITPOBOXKYETHCSI MOHOTOHHUM 3POCTaHHSM Omopy cuctemu (puc. 1).
Po3paxyHku, MpoBelieHi PU Pi3HUX BUXIJIHUX OMOpax KaHally MPOBITHOCTI, TOKa3aly,
110 3aJIEKHICTh Yacy PO3UMHEHHSI BiJl IOYaTKOBOTO OMOPY Ma€ xapakrtep, ONM3bKUi 10
rinepOonigHoro (puc. 2).

O0pobka MacuBIB JaHUX, OTPUMAHMX B MPOLECI XPOHOPE3UCTOMETPHYHNX BUMIpPIO-
BaHb, MMOKa3ye, [0 3JIEKHICTh Yacy PO3UMHEHHS HAHOCTPYKTYpH Bia ii omopy Takox
Ma€ TinepOoTivyHIA XapaKTep, aHaJIOTiYHUH 10 MoaenbHOTO (Prc 3). Po3kun Moxe OyTH
00yMOBIICHHH SIK CTOXaCTUYHNM BapilOBaHHSIM CTaHy IOBEPXHI, IKa PO3UMHIETHCS CIICK-
TPOXIMIYHIM MIISAXOM, TaK i MOPYHICHHIMH MOHOTOHHOCTI mepebiry ¢apaneiBcbkux
TIPOIIECiB, 0 OOYMOBITIOIOTHCSI KBAHTOBUMH e€(heKTaMu, SKi CIIOCTepiraloThes MpH aHO-
HOMY PO3UMHEHHI METAJIeBUX HAHOCTPYKTYp [1].
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Fig. 2. Dependence of the
dendrite point contact resistance
on time of current flowing along
the main axis of the channel, pA:
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TakuM 4MHOM, JETaNBHUN aHai3 POOOTH MPOTSHKHOTO EIEMEHTAa B EIEKTPUYHOMY
MOJi JIO3BOJIMB  CTBOPHUTH MaTeMaTHYHY MOJEJb IEpiofy PO3YMHEHHS JCHIPUTHOTO
TOYKOBOTO KOHTAKTY y €IeKTpoiTi. OTpUMaHMA pe3ynbTaT MOXe 3a0€3IIeUNTH TTepey-
MOBH IIOJANbIIOI ONTHUMi3alii HAHOCTPYKTYPHHX CEHCOPHHMX NPHCTPOIB HOBOTO

ITOKOJIIHHSA.
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Fig. 2. Dependence of the
dissolution time of the
conductivity channel (¢, sec) on
the original point contact
resistance (Ry). The current along
the main axis of the channel is 20
HA.
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Puc. 3. 3anexHicTh 9acy pO3YMHEHHS KaHATy IPOBIXHOCTI (¢, S€C) Bi BUXiJHOTO OIIOPY
TOYKOBOTO KOHTAKTY (R() BIAIIOBITHO 10 eKCIIEPHMEHTAILHOI XPOHOPE3UCTOTPaMH e(eKTy
LUKJIIYHOT TOYKOBO-KOHTAKTHOT KomyTallii. CTpyM B310BXK roJoBHOI Bici 20 MKA

Fig. 3. Dependence of the dissolution time of the conductivity channel (¢, sec) on the original
point contact resistance (R) according to the experimental chrono-resistorgram of the cyclic
switchover effect. The current along the main axis of the channel is 20 pA
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The electrochemical system based on the dendrite point contact grown in an electric field and immersed
into electrolyte has been considered. Under certain conditions, such a system demonstrates the cyclic
switchover effect which is a basis for development of nanostructured sensors of a new generation. The effect is
realized due to operation of an electrochemical elongated element with a monotonic distribution of the
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describes the dynamics of changes in the resistometric characteristics of the system and can be used to
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VY rtenepimHid yac Bce OUIbIIY yBary BUCHI NPUALIAIOTH CTBOPEHHIO i BUBUCHHIO
BJIACTMBOCTEH MarepialliB, 110 MalOTh HAHOMETPOBY CTPYKTypy. ICHYIOTH 1Bi OCHOBHI
MIPUYMHM, [0 BH3HAYAIOTh JOLUIBHICTh CHHTE3y HOBHX HaHOMarepiamis. [leprra mos's-
3aHa 3 OYIKYBaHHSAM TOTO, IO iX OTPHMAHHS MIPU3BEAE 0 ICTOTHOTO MOJIIIICHHS HasB-
HUX a00 /10 TOSBM HOBUX YHIKQJBFHUX BIIACTHBOCTEH MaTepiamiB. Jlpyra mpuuuHa o0y-
MOBJIEHa HEOOXiTHICTIO MiHiaTIOpH3alii MPUCTPOiB, 3aCTOCOBYBAHMUX y MOOYTI 1 TeXHi,
HIISIXOM 3MEHILIEHHS IX eHEeproEMHOCTI 1 €HeprocoXKUBaHHs, Ta 301IbIICHHS eeKTUB-
HOCTI BUKOpucTaHHs. Cepell BiIOMUX CIIOCOOIB OTPUMAaHHs HAHOCTPYKTYPOBAHUX MaTe-
piajiB, OKpeMoi yBaru 3aciIyroBy€ €JEKTPOXIMIYHHI METOJ| CHHTe3Y, SKWil moysirae B
aHO/IHOMY OKHMCHEHHI BEHTHJIbHUX METalliB, 30KpeMa TaHTally, B €JIeKTPOJIiTax, 1€ OKCUJL
cnabo po3uunHuit. Lei croci6 € qye mpocTuM y peaiizarii i 103BOJISE OTPUMYBATH
MIOPHCTI HAHOCTPYKTYPOBaH1 OKCH/IHI MIAPH 13 38 JaHUMH XapaKTepPUCTUKAMHU.

SIK enexTpo] BUKOPHCTOBYBAJIHM TaHTAIOBY (osibry ToBImKMHOIO 0,1 MM, YHCTOTOIO
99,99%. 3paskn xiMiuHO mMoJipyBanu mpotsaroMm 5—10 ¢ mpu KiMHATHIH TemmepaTypi
(20-25°C) B po3umuni HactymHoro cknany: H,SO4: HNO;: HF =5 : 2 : 2. AOII dpopmy-
Baym B po3unHax 1| M H,SO4 3 nomasanasm HF 0,1 M; 0,25 M; 0,5 M; 1 M); 0,25 M
NH4F; 0,25 M NaF. Bci enekrpoinité Oyly MPUTOTOBIICHI 3 PEaKTUBIB MapKH «X.d.» 1
«4.1.a.» Ha AUCTHIBOBAHOI BOJI.

AHOIYBaHHS 3IIMCHIOBATIM 3 BHKOPHCTAaHHSM JDKepesa moctiiHoro ctpymy b5-50
NpU KIMHATHIN TemIepaTypi B BOJIBTCTATUYHOMY PEXKHMI, BapilOI04M HANPYTy B iHTEp-
Baii Big 20 mo 80 B. Marepian npotuenekrpoay (katon) — Pb. Tlonspusaniiiai BUMipro-
BaHHs MPOoBOIMWIX Ha moTeHmioctati [T 50-1.1 mpu MBUAKOCTI PO3TOPTKU MOTEHIATY
1-10 B/c B moTeHuioquHaMiuHOMy pexcumi. ENeKTpos HOPIBHSHHS — HACHUYCHHIT XJI0p-
cpiOHUit. BennuunHM MOTEHIIANIB HABECHI M0J0 HOPMAJILHOTO BOJHEBOTO EJICKTPOJIA.
IMnenaHCcHI BUMIpIOBaHHS BHKOHYB&JM Ha aBTOMaTHYHOMY MOCTY 3MIHHOTO CTPYMY
P5083 y nmiamazoni wacror 0,021 - 100 kI'u. O6poOKy pe3ynbTaTiB BUMipIOBaHb IPOBO-
JITH 3a orniomororo nporpamu EIS Spectrum Analyzer.

Hamu posristHyTa Kpucramizamis Ha nmodatkosiid crazmii ¢popmysanns AOII Ha Tan-
Tadi SK BIUIMB HIDKYAX OKCHIIB, SIKI YTBOPIOIOTHCS B mpomeci pocty AOII B mepexin-
HOMY IIapi Ha MeXi MeTan — OKCHJ. Y 3’€IHAHHAX 3 KHCHEM TaHTAJ IPOSBIISE CTYIiHb
OKHCHEHHS BiJ HIDKYOI +2 10 BUIIOI +5. YTBOPEHHS i0HIB METally BHIIOI BaJIEHTHOCTI
BiZOYBA€ETHCS 32 PaXyHOK JOOKHCHEHHS HI)KYMX OKCHIIIB.
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[Tpouec enexkTpoxiMiYHOTO OKMCHEHHS TAaHTAJIOBOT'O €JIEKTPOAa MOXKHA HaBECTH Ha-
CTYIHHUM JIaHII0)KKOM nepeTBopeHb: Ta > TaO > TaO, > Tay0s. V HIK4YMX OKcHAax Ha
BiIMIHY BiJI BHIIUX, 3B’130K M — O mepeBakHO 1OHHUH i BOHH ICHYIOTh B IIEpEXiTHOMY
mapi y BUDILINI KpucTamigHoi ¢a3u. MoXHa MpUITyCKaTH, OO0 caMe IIi OKCHAH 1 €
3apoaKaMu MaiiOyTHIX KPUCTAIIIB.

Ha oTpuMaHNX KPpHUBHUX CHOCTEPIraeThCS 3pOCTaHHS CTPYMY B Jlialla30Hi MOTEHITIaJiB
Big +0,05 mo +0,45 B, mo BianoBinae ¢popmyBaHHI0 6ap’€pHOT IUTIBKM Ha TaHTaI, PH-
YoMy B eneKkTpomitax 1 i 2 HacTyNMHHH MiAHOM CTPyMy BIAIOBIJae 3pOCTAHHIO MOPHUC-
TOrO OKCHIY 1 BiH 3HaYHO BHILIMH, HDK B po3unHax 3 i 4. Taky moBeniHKYy cuUCTEMH
MOXHa TIOSICHUTH THM, LIO IIBHJKICTh PO3UYMHEHHS aKTHBHUX IICHTPIB MOBEPXHI B LIUX
EJIEKTPOJIiTaX IepeBaXkae HaJl MBUAKICTIO yTBopeHHsT AOIN.

06

Puc. 1. ITorenuioguuamiugi aHoIHi
HOJIIPU3aLiiiHi 3aJIKHOCT] TAHTAIOBOTO
041 €JIEKTPOA, SIKi OTPUMaHi B PO3UMHAX:

1 — 1M H,S0,4 + 0,5M NaF; 2 — IM H,SO, +
3 0,5M NH,F; 3 — 1M H,SO,4 + 0,5M HF;
4 — 1M H,S0,

J mioms

b Fig. 1. Potentiodynamic anodic polarization
3 dependences of tantalum electrode, obtained
g in solutions: 1 — 1 M H,SO,4 + 0.5 M NaF;
0 - 2 -1 M H,S04 + 0.5 M NH,F;
0 1 2 3 4 5 ] 3-1MH,SO,4+ 0.5 M HF; 4-1M H,SO,

E.B

[Ipu morenmianax 6inpime 1B, skuit Biamosimae momimrapoBomy 3poctansto 10T, B
3aJISKHOCTI BiJ YMOB eNeKTpouidy, MoxianBo orpumyBatn AOIl amopdHOi i kKpucra-
JYHOI CTPYKTYpH.

Yac Bij movaTKy aHOJYBaHHS JO 3pOCTAaHHS CTPYMYy, IO MPOTIKAae 4epe3 CHCTeMY
Ta — Ta,Os — enexrpodnir, Bianosigae po3puBy AOII i po3Butky kpuctaniB. Takuii nepi-
0]l pOCTY KPUCTaIIB Ha3MBAIOTh 1HKyOaliiHUM. [Ipy 301IbIIEHHI HANIPYTH aHOYBaHHS
yac iHKyOaliiHOTo MepioJy CKOPOUYETHCS, 10 BKa3ye Ha OibLIy MIBHIKICTH PO3BUTKY
KpHCTaJIIYHOI (a3u.

3a momomororo miarpam boxe oTpumani iMrieqancHi ciekTpu kpuctamiganx AOIT Ha
TaHTam. 3aJeXHOCTI OMOpPY 1 €MHOCTI KPUCTaTiYHOTO OKCHIY TaHTaIy BiJ HanpyTrH
CBITYaTh Npo Te, M0 Ha MOBEPXHI TAHTAIy CHHTE30BAaHHUIl ENEKTPONPOBIIHUA OKCHI.
[lig miero CHIBHOTO ENEKTPUYHOTO TOJS 3apOAKH KPUCTATIUHOI (a3 pPO3PHBAIOTH
aMOpHUI mIap 1 IMOCTYMOBO BCS NMOBEPXHS 3pa3Kka IOKPHBAETHCS OKCHUIOM 3 KpHC-
TaIIYHOIO CTPYKTYPOIO.

TakuM 4MHOM, NMPOBENEHI OCHTIPKEHHSI IOKA3aJI BIUTUB MPUPOAU EIEKTPOIITY Ha
(bopMyBaHHs MMOPHCTOrO KPUCTANTIYHOTO OKCHAY TaHTaly. BHKOpHCTaHHS akTHBaTOpa
(¢ropuny) mo3Bonse Ha MOYATKOBIWA cTazii aHOAyBaHHs 3a0e3redyBaTH YMOBH JUIs
(opMyBaHHsS OKCHAY 3 pi3HOIO MOP(OJIOTi€l0 MOBEpXHi. Bapiooun pexxumMoM aHOay-
BaHHS Ha TaHTaJli MO)kKHa cuHTe3yBatH mopucti AOIl amopduoi abo kpucramivHOi

CTPYKTYpH.
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Puc. 2. 3anexHiCTh OMOPY Ta EMHOCTI IIOPUCTOTO KPUCTAIYHOTO OKCUAY TAaHTAIYy Bill HAIPYTH
¢opmyBanns B pozunHi 1M H,SO, + 0,5M NH,F. a — BHYTpimHiif map okcumy;
6 — 30BHIIIHIN AP OKCUY.
Fig. 2. The dependence of the resistance and capacity of the porous crystalline tantalum oxide on
the formation stress in a solution of 1M H,SO4+ 0.5M NH,F. a — inner layer of oxide;
b — outer layer of oxide.

Ooviney JI.JI., Opnog B.M. Anonuble okcuanble ieHku. — JI.: Hayka, 1990. —200c.
Vermilyea D.A. Anodic oxide films // Advances in electrochemistry. Vol. 3. — N.Y.: Wiley
Intersci., 1964. — P. 211-261.
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In this study, the mechanism defined electrochemical synthesis AOP crystal structure, shown that the
formation of AOS on tantalum flows through the solid phase polysurface mechanism of the formation of the
lower valence oxides, which are the nuclei of a crystalline phase. The choice of electrolyte components for
electrochemical synthesis of crystalline porous tantalum on AOP. The method of electrochemical impedance
spectroscopy to determine the equivalent circuit elements, which characterize the basic properties of the
synthesized AOP.
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Ha croroxmuimHiii 1eHp icHye Garato BUIIB JTiOZiB, OAHUMHU 3 TaKHX € EJIEKTPOXi-
MIYHI JIiOAW, SKi MOXKHA PO3OUIATH Ha JBa THIU: KOHICHTpAIfHI HiomW W erek-
TPONITHYHI BUNIPSIMILTTi. KOHIIEHTpAIliitHAN 10/ CKIAAEThCS 3 TBOX INIATHHOBHX €IICK-
TPOZIB, IUIOMIA AKAX BiIPI3HAETHCS HA JEKUTbKA MOPSAAKIB. Manuit eneKkTpox BUKOHAHO Y
BHTJISAI TOHKOi NPOTHHKH, 3allPpeCOBAHOI B HICTMEKTPUK TAKUM YHHOM, MI00 YTBOpIO-
BaJacs HEBEJIMKA IIIIMHA JUIA eJIeKTPOoIiTy. Benukuii enextpon Mae hopMy mUITiHIAPHY-
HOi TuTacTHHKHM abo citku. OOHIBa ENeKTPOIM 3aHypeHI B PO3YMH EIEKTPONITY 3
000pPOTHOIO  PEIOKC-CUCTEMOI), OKHUCHEHOi (opMHM SKOi 3HAYHO MEHIIAa 3a
KOHIICHTPAIIIFO BiTHOBJICHOT, HATTPUKIIAA: “HOMUI KaJito/Hoa” Ta “XKOBTa/KpPOB’siHA CiJIb”.
Wox i #oaun xamito posunmeni B 60 % BOAHOMY PO3UMHI CHHPTY, ¢ #Hox mepebyBae y
Burisii iony I3 . Ilpu xaronHii monsipu3sauii Manoro enekTpoxy i0H I3~ BiJHOBIIOETHCS,
a Ha TPOTWJIC)KHOMY eNeKTpoai Hoama okucHioeTbes 1o I3 . Konmenrpamis I3 Gims
MMOBEPXHI EICKTPOLY 3MCHINYEThCS, a AUQY3is i0HIB 3 00’€eMy pO3YHMHY YCKIaJHEHA
MaJuMHU po3MipoM IiuHU. lle crpuyuHse pi3ke MaAiHHSA CTPyMY BHACIHIZOK HecTadi
HOCIIB 3apsiy. 3MiHa MOJSAPHOCTI MAJOro €JIEKTPOAY BUKIMKAE OKHCHEHHS Hoaumy,
mudy3is SKOTO 3aBISKHM BHCOKIM KOHIEHTpalii mnepebirae ierme. Jlo Bemnukoro
enexkTpony audysist Oyap-SIKOTo 3 KOMIIOHEHTIB PO3UMHY € TOCTATHBO IIBHIKOO SIK IIPH
aHOJIHIN, TaK 1 PU KaTOHIH MOJIApU3aIlii.

[epeBaroo KOHLEHTPALIHUX JI0/AIB € MaJli HHKHI 3HaYCHHS HANpYTH, 32 SKUX Bill-
GyBaeThes iX BimkpuBanHs. “Von-foaumaauii” nion anekBaTHO (yHKIIOHYE IPH HAMpy3i
oinbine 0,05 — 0,005 B, Toxi sik Kpaiii HaNiBIPOBIAHUKOBUX TIOAW BUMAraloTh MiHIMyM
0,1 B. Pobouy Hampyry mio/iB MO>KHa PEryJIIOBaTH JIMILE IO BUTOTOBJIEHHS iX HaIiBIPO-
BiTHKOBOI OCHOBH. J[JIsI €NEKTPOXIMIYHOTO Ai0/a MPOCTHM 3HIDKCHHSIM KOHIICHTpAIIil
ioHiB I3~ B 25 pa3 MoxxHa 3HM3UTH podouy Hanpyry 3 0,10 B 1o 0,01 B [1].

HepmomikoM KOHIIEHTPAIIHHUX TiOIB € 0OMEKEHH MaKCUMAIIbHOI pOO0Y01 HAIIPYTH,
sIKa BH3HAYAETHCS INHUPUHOIO EJICKTPOXIMIYHOIO BIKHA 3aCTOCOBAaHOTO PO3YMHHHUKA H
IUIS BONHUX po3uMHIB He Mae mepeumryBatu 0,9 B. Takox poboda dactora
€JIeKTPOXIMIYHOTO Miofa KOHICHTPAUIHHOTO THIY € TIOPSOKHA HIDKYOI0, HIK Yy
HaIIBIPOBIIHUKOBOTO OJM3BKOI MOTY)KHOCTI, BHACTIZOK OUNBIIOI iHEPIIIfHOCTI HOCIiB
3apsAy y PO3UHMHI €NeKTPoJiTy. YacToTa KOPEKTHOI poOOTH eIeKTPOXiMIYHOIrO Iiona
KOHLIEHTPALIIIHOrO TUITy He MOBHHHA mepeBuinyBatd 1 I'u. OkpiM 1poro, BXiHUIT Omip
KOHIICHTPAI[IHHUX JiO/IB BWIIEC 3a HAIIBIPOBIIHUKOBI aHAJOTH BHACTIMOK OUIBIINX
PO3MIpiB il HUXKYOT €1eKTPONpPOBiAHOCTI. TakoXk eNneKTpOXiMidHi 1i0 ¢ Ay>Ke Yy TINBI 10
BIUTMBY TEMIIEPATypH, 3MiHa sikoi Ha 1 °C BUKIMKae cMMOATHY 3MiHy cTpyMy Ha 2-3 %
BHACJIIOK BIZTHOCHO BUCOKOi eHeprii akTuBamii 1udys3ii y BogHoMy po3uuHi [1].
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TakuM 4MHOM, 3aBJSIKM KOMIUIEKCY CBOIX IepeBar i HelOJiKiB KOHIEHTPaLiiHi /1io-
1 BUKOPHUCTOBYIOTH IIEPEBAXHO JUIS BUIPSMICHHS CJIAOKUX CHUTHAIIIB HU3BKUX Ta
iH(paHU3BKHUX YaCTOT.

EnexkTpomiTHYHI BHIIPSMIITYi MOXKYTh OYTH TaKOX 3aCHOBaHI Ha BUKOPUCTAaHHI €JIeK-
TPOZIB i3 MeTamiB, MO 34aTHI BKPUBATHUCS OKCHAHWUMH IDIIBKAMH 3 HaIliBIPOBiIHU-
KOBUMH BIIaCTHBOCTAMHU. TakMMH MeTalaMu € ajJIOMiHii, TaHTax, BICMYT, MarHi i
TtuTaH. J{iooy Takoro THITy 3aCHOBaHI Ha 3[aTHOCTI HAa3BaHMX METAJIB aCUBYBATHCS,
3aBISIKM 4OMY ENIEKTPOJAM Ha X OCHOBI Tiplie MpPOMYyCKalOTh aHOJHUN CTPyM, HIX
KaTogHuil. TexHiYHOro 3acTOCyBaHHS HaOyJW Juile aiaroMiHii i Tanrtan. [Ipu mpomy
OlmbII  JOCHI[DKEHMM € camMe aIIoMiHIH. Y Takux Jiofax sK eJIeKTPOJiTH
BUKOPHCTOBYIOTh aMOHIIfHI a0 JIyXHI COJIi JesIKMX ClIaOKHUX KHUCIIOT, a came Ooparw,
TapTpaTH, ¢pocdaru, OKcanaTu, TUTPATH i kapOoHatr. HeomikoM TaHUX eJIEKTPOIIITIB €
HHU3bKa €JIEKTPONpPOBiAHICTh. [Ipy bOMy, HaBiTh HEBEIHMKA KiJIBbKICTh NESKHX CHIBHUX
KHCJIOT 1 Ba)KKMX METaIB MPUCKOPIOE KOPO3IIO 1 BUXiA 3 Jlaly ATIOMIHIEBUX EIICKTPO/IIB.
TaHTanoBi eNEKTPOAM BINPI3HAIOTECS BHCOKOIO KOPO3IHHOI CTIHKICTIO, IIPOTE,
BIpOTiHO, MAalOTh CBOI HENOJNIKH, SKi HE CIPISIN X IIHPOKOMY BXHTKY. K
MIPOTUENEKTPO y MPUCTPOSIX JAAHOTO THITy MOXHA 3aCTOCOBYBATH CBHHEILb, 3a1i30 a0
rpadir [2].

IcHye Kijbka Teopid, sIKi HaMararThCs MOSCHUTH BEHTHJIbHUII edekT B aiomax
MacHBaIiMHOTO TUIY. 3a TMEPIIOI TEOpi€lo, e SIBUIIE TOB’A3YIOTh 3 YTBOPEHHSIM Ha
MOBEPXHI aJIOMIHII0 OKCHIHOI IUTIBKM 3 BHCOKMM OMIYHMM OIOPOM IIPH aHOJHIH I0-
nsipu3anii eIeKTposa, Omip SIKOi 3HMKYEThCS TPH KaTOAHIN momspu3anii. 3a iHIIOO
TEOPI€I0 ap OKCUAY PO3MIAAAIOTH K JIIENeKTPUK MIX aJFOMIHIEBOIO H PiJIKOIO (PO3UMH
€JIEKTPOJITY) OOKJIaIMHKaMH IUTACKOTO KOHJEHCATOpa, KU 3apsPKaeThesl H po3psi-
JKaeThes MPU 1HBEpCii HanpsAMy MpOTiKaHHA cTpyMy. HalOuIbII mepcrieKTHBHOIO MOKHA
pO3TIISATH TPETIO TEOpilo, 3a SIKOi ATIOMIHIEBHH €NEKTPOA y CHCTEMi 3 PO3UYHHOM
€JIEKTPOJITY PO3TILNAETHCA K PSII apalieTbHO 3’ €IHAHUX TiepepuBadiB Benensta [3].
Ha xopuctp miei Teopii cBimgate HacTymHi ¢akTh: 1) BHI TOBEpXHI aITIOMiHI€BOTO
€JIEKTPOJia 3 TOHKUM I30JIAIIIfHAM MIapoM OKCHIY ATIOMIiHIO, SIKa BKpPHUTa TOYKOBUM H
MOJIOBXHIMU 3aryIMOMHAMH, JIe aJioMiHId KOpoJye U MapalelbHO CIOCTEPIraeThes
CBITiHHS, TTOAI0OHE JO BHCOKOBOJIBTHHUX IIIa3MOBUX PO3PAMiB; 2) BIACYTHICTb CYTTEBUX
KOpO3iHHUX Ta epO3iiHKUX MOIIKOKEHb OBEPXHI aIIOMIHIEBOTO €IEKTPOJIa 32 MEKaMHU
Ha3BaHMX 3aITMOMH BKa3dye Ha JIOKAi3allil0 NEPEeHOCY 3apsiiB caMe Yy MiCIAX Mo-
IIKO/KEHB, IPUYOMY, LIed IepeHOC BiI0YBAETHCS BUKIIIOYHO MPH Ha3BUYAHO BUCOKUX
T'yCTHHaxX cTpyMy; 3) sK 1 B nepepuBadi BeHenbra, skuif MO>ke BUKOPHUCTOBYBATHUCS SIK
BUNIPSIMIISY, TACHUBALIHHUN Ji01 MOXE MaTH Mally IUIONLY aTIOMIHIEBOTO €JIeKTpoja,
OCKUTBKM YUM MEHINA IUIOMAa CTPYMOIPOBINHUX JIOKAIlid HA IMOBEPXHI, THM eQeK-
TUBHIIIE BiH QYyHKIIOHYE [3].

OcoONUBICTIO ANMOMiHIEBUX €IEKTPOJITHYHUX BUIPSIMIITIIB € TIOTpeda B CIemiaib-
HOMY eJIEeKTPOXiMiYHOMY (hopMyBaHHI €IeKTpoa mepen BUKopucTanusaM. 1licis npumu-
HEHHS pOoOOTH, HACTYITHOMY BHMKOPHCTaHHIO €JIEKTPOJa Mae€ IepeayBaTH ITOBTOPHA
migroroBka. [lepeBaroio Takux iOAiB € MPOCTOTAa KOHCTPYKINI Ta 3[aTHICTh BHUIIPSM-
JIATH cTpyM Hampyroro 220 B gactoToro B coTHi repil. HemonikoMm € BUCOKa MiHIMaJIbHA
Harpyra BigkpuBaHHs Oinbine 1,5 B. ToMy BUKOPHCTaHHS AaHOTO THITY JiOJIB BUIIPaB-
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JlaHe JIMIIE 3[CIICBICHHSAM 3apsIHUX TPHCTPOIB aKyMYJISATOPIB 3aBISKH BiACYTHOCTI
JIOPOTHX HAIIBIIPOBITHUKOBUX JI0iB BHCOKOI MOTY>KHOCTI [2].

CTOCOBHO TaHTaIy BiJIOMO JIMIIE TPO HOTO 3JaTHICTH 3a0e3leduyBaTd OLIBIIY MO-
TYXXHICTh Ji0oJ]a TIPH TPUBANIIIOMY TEPMiHY €KCIUTyaTallii, MOPiBHAHO 3 amoMiHieM [4].
ToMy IOIUTBHAM BHUTIIAOAE AOCHTIHKEHHS IHIINX BEHTWJIBHUX METaTiB (HAPHUKIAJ, TH-
TaHy, UL SKOTO MOMIOHMX BiOMOCTEH He 3HAaWICHO) SIK OCHOBHU JiOJIiB ITaCHBAIIITHOTO
TUITY. 3Ba)KarOuM Ha CKIAAHICTh fiarpamu [TypOe s TUTaHY, MOPIBHIHO 3 aJIFOMIHIEM i
TaHTAJIOM, MOXHA CIO/IIBaTHCS, 1110 CKIaaHi (a30Bi IEepEeTBOPEHHS y MACHBHUX ILTIBKaX
TUTaHy, U SIKOTO iICHY€ KiJIbKa CTaOLIbHUX OKCHIIIB, MCTATUTAHOBA KHCJIOTA 1 IOCUTh
CTIMKHH TiAPHUJ, COPUSATAMYTh OJICPXKAHHIO LIKaBUX 1 HECHOIBAHUX pe3yJbTaTiB. TuMm
OiyIbIIe, 10 MPAaKTUYHOTO 3aCTOCYBAaHHS HA0yB caMe aloMiHil, miarpama [Typoe sikoro
CKJIQJIHIIIE 32 TaKy JJIsI TAHTAIY.

1. Cmpuoscesckuii U. B., Hmumpues B. U., Quurkenvwmeirn O. b. XeMoTpoHuKa. — MockBa:
Hayxka, 1974 — C. 54-59.

2. Holler H. D., Schrodt J. P. Theory and performance of rectifiers / Technologic Papers of the
Bureau of Standards. — Washington: Government printing office, 1924. — No 265, Vol. 18. — P.
466—468.

3. DNEeKTPOIUTHYECKUIl BBIIPSIMUTEIND // DHIMKIONenuueckuit ciaoBaps / @. A. bpokrays, U. A.
"¢ppon. — Cankr-IlerepOypr, 1904. — T. 40. — C. 500-502.

4. Tlatent PecmyOmuku Kazaxcran 22949 HO2M 7/28 C25D 11/32. DnekTpoXUMHUYECKUI
BeimpsiMutens Toka / H. C. BaHOB; 3asB11. 02.06.2009; omy6:1. 15.09.2010, 6rom. Ne 9.

Denis Hanich, Oleksandr Buket
ELECTROCHEMICAL DIOD: ADVANTAGES AND PROBLEMS

National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Department of
Electrochemical Plants Technology, Peremohy Avenue, 37, 03056, Kyiv, Ukraine, e-mail:
ganichdenis@gmail.com

Literary information on electrochemical diodes is considered. There were no significant scientific
achievements since the twenties of the 20th century. Concentration diodes for straightening weak currents at
low and infralow frequencies are exist. Known diodes are based on working electrode passivation processes.
There is no sufficient explanation of the working principle of the latter. Such diodes with aluminum electrodes
were used in rectifiers under the conditions of excessive cost and low cost of electricity. The literature contains
information on the possibility of using tantalum in electrolytic rectifiers, the practical use of which is unknown.
The use of titanium as an electrode of the electrolytic rectifier is unknown. From Pourbaix diagrams is
concluded that the complexity of transformations in passive titanium films potentially provides the suitability
of titanium as an electrode for an electrolytic diode and makes appropriate research relevant.

Keywords: electrochemistry, diod, passivation, titanium



Cexkyis 2. Ximiuna enepeemuxa ma mexniyHa e1eKmpoximis 273

VIK 541.135
Hamania I'J10bA, Bimanii CIPOIILl, Céamochae KHPU/I/IOB
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Hucynedin 3amiza (FeS,;) € omHuM 3 HaOLIBII €HEPTOEMHUX KATOIHUX MaTepialiB
IUTS TITiEBUX JpKepen cTpyMy. [luroma emuicts FeS, ckmamae 894 MA ‘Ton/t ipu po3psin-
Hill Hampy3i Omm3eKidt mo 1,5 B. Ane mpu mmkimyBaHHI Xapaktepuctuku FeS, 3minro-
IOTBCS, IO TTOB’S3aHO 3 YTBOPEHHSIM HOBHX CIIONYK y BHTJISAAL CyIb(iAiB JITiIO 3arajb-
HOi ¢opmynu LipS, 3 pi3HOIO JOBKHHOIO JIQHIIOTA (1€ X 3MIHIOEThCS Big 8 mo 2) Ta
cynediny 3amiza FeS. B 3amexHOCTI Bix JOBXKHHM JaHIora LipS, iX 3MaTHICTE po3yu-
HSTHCS B allpOTOHHUX PO3YMHHHMKAX 3MIHIOE€ThCA. L{e mpU3BOIUTH 10 BUMUBAHHS CIpKU
i3 CKJIaly KaTOJHOTO MaTepialy y pa3i YTBOPEHHs CIOJIyK 3 X > 4 i, BiANOBIAHO, 1O
3MEHIIECHHS TUTOMOI €éMHOCTI. [IpyruM (akTopoM 3MEHIIEHHS TUTOMOI EMHOCTI € yTBO-
pPEeHHSI Majopo3uuMHHOro Li,S, sikuii cpyuMHSE MiJBHIICHHS ONOpY KOMipku. Brms
nux HeOakaHUX (PaKTOpiB MOKe OyTH 3MEHIICHO 32 paXyHOK BHOOpPY €ICKTPOIITHUX
cucTeM 3i crienu(iTHIMH BIACTUBOCTSMH, IO J03BOJSIIOTH 3 OZHOTO OOKY 3MEHIIUTH
po3umHHIcTh Li,S,, a 3 iHIIOro — 3MECHIINTH BIUIMB HeOa)xaHOTO 301IbIICHHS OIOpPY 3a
paxyHOK yTBOpeHHS Li,S.

B po6ori [1] HaBeneHO pe3yabTaTH MUKITyBaHHA MIPUTY 32 KIMHATHAX TEMIIEpaTyp B
€JICKTPOJIITaxX TETparjiiM — Ciib JITIiI0 Ta TIOKa3aHo, 1110 MUTOMa eMHICTh FeS; 3pocTae B
psany: LiN(CF3;S0,), < LiCF;SO; < LiBF; < LiPFy, 1110 HOSCHIOIOTHCS BiAMOBIAHUM
301IBIICHHAM OMOpy TBepaoenekrponitHol miiBku (TEIT) Ha moBepxHi po3miny emnek-
TPOJI/CNCKTPOIIIT. Alle aHi, 3a IKUMH MOXHA OyJi0 0 BH3HAUUTH 3aJICKHICTH €EMHOCTI
FeS, Bin cknany cijb-cONbBaTHUX €JEKTPOIITIB, Hapa3l oOMmexeHi. B poboTi nmpoaHa-
J30BaHO BIUIMB CKJIQAY CUIb-COJBBATHHUX €JICKTPOJIITIB HAa LUKIYyBaHHS IIPUTY B
imrepBaini temmeparyp (25-60) °C.

J1J1s1 BUTOTOBJIEHHSI PO3YHHIB €JIEKTPOIIITIB BUKOPHUCTOBYBAJIH MTOTIEPEAHBO BUCYIICH]
npu 120°C y Bakyymi Taki comi jitito, sk: 6ic(tpudropmeran)cyabdoHiMin iTiro
LiN(CF;S0,),, TterpadTopobopar mitito (LiBF,), TpudTopmerancynbpdoHaT ImiTiro
(LiCF3S03) (Aldrich) 3 wncrororo 98-99% ta mepxmopar mitiro (LiClO4) (Cinbiac) 3
9ICTOTOI0 96%. SIK anmpoTOHHI PO3YMHHHKH OyiIHM BHUKOPHUCTaHI JiHiMHI edipu: nume-
TrioBH# edip aietmnenrnikomo (auriim, A7), numerunosuit edip TeTpaeTHICHIIIIKOIIO
(rerparmim, TT'), nuMeTusoBuii edip MOTIETHICHIIIKOIIO MOJeKyJsipHoi macu 200
(TIET") (Aldrich). Bci poGoTu, moB’si3aHi 3 COJNSIMH, PO3YMHHHMKAaMH, BHI'OTOBJICHHSIM
€JIEKTPOJIITIB Ta KOMIPOK MPOBOJIMIIM B CyXUX OOKCax.

lanpBaHOCTATHYHI TOCITIIKEHHS poBeneHo Ha Moayisix Y3P-0,03-10 (Pocis). Hia-
N1a30H MMOTEHILIANIB eJeKTPOXIMIYHOI CTaOIIbHOCTI BU3HAYEHO 3a BOJbTaMIIEPOTrpaMaMu
B TPHEJIEKTPOIHUX KOMIpKaX 3 IJIATHHOBHM POOOYMM E€JIEKTPOJIOM Ta JITIEBUMHM JIOTIO-
MDKHHM 1 €JIeKTPOJOM MOPIiBHSHHA. [INTOMY €IeKTpONpPOBIAHICTH SIEKTPOIIITIB BU3HA-
Yay 3a JaHUMH CJEKTPOIHOTO IMIIEAAHCY 3a 4acTOTH 3MiHHOTO cTpyMy 1+200 x['m B
KOMipKax 3 IUIATHHOBUMH €JIEKTPOIaMHU.
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Ta6mums 1. [Tutoma enexTponpoBiIHICTs PO3UNHIB CKIANY JiHIHHUH edip — ClIb TiTiI0
Table 1. Specific conductivity of solutions based on linear ether — lithium salt

No Crran enexrpoity IutoMa eneKTponpoBigHicTs, MCM/cM
(KoHUEHTpAIIis cOTi

wn Y MOJIBHHX YacTKax, M.4.) 25°C 60°C
1 TI' — LiCF;S0s5 (0,4) 0,53 1,84
2 | TT—LiCIO, (0.4) 0,77 3.35
3 | TT - LiBF, (0.4) 1,02 33
4 | Tr - LIN(CF380,), (0,5) 1,22 48
5 | TT — LIN(CF5S0,), (0,18) 2,99 6.85
6 | AT — LIN(CF80,), (0.2) 7,52 14,83
7 | AT — LIN(CF;S0,), (0.44) 0,43 2.42
8 | TIET — LiN(CF5S0,), (0.44) 0,42 225

[MoniTepMu MUTOMOT EIEKTPOIPOBIAHOCTI Ta B’SI3KOCTI PO3YMHIB COJICH JITIIO Y TITi-
MOBHX PO3YMHHHKAX BiANOBinaroTh piBHsAHHIO Porens-DOynbxepa-Tammana. Benmunau
MTUTOMOI €JIEKTPOTIPOBITHOCTI AOCIHIPKYBAaHUX PO3YHMHIB B 3AJIEKHOCTI Bil TEMIEpaTypH
HaBeAEeHO B Ta0mmI 1.

TepmorpaBiMeTpiuHi Ta TOTEHITIOAWMHAMIYHI TOCIIIKSHHSI TTOKA3aJH, IO CilIb-COJb-
BaTHI €JIEKTPOJIITH MalOTh OUIBII BUCOKY TEPMIYHY Ta EJEKTPOXIMIYHY CTaOlIbHICTh
MOPIBHSHO 3 TPaAMLIHUMH €JIEKTPONiTaMU 3 BiJHOCHO HEBHCOKOKO KOHIEHTPALIEI0
COJI.

3rifiHO 3 pe3ysbTaTaMH, OTPUMAHUMH TPH TalbBaHOCTaTHYHOMY LUKIIyBaHHI IPH-
POAHOTO MipHUTY, OYJI0 BCTaHOBJIEHO, IO BEJIMYMHA PO3PSIHOI MUTOMOI €MHOCTI mep-
IIOT0 IUKJTy BU3HAYAETHCS IIPUPOIOI0 aHIOHA COJI JIITIIO Ta 3MIHIOIOTHCS B PSALY:

LiCF;SO; > LiBF, > LiCl0, > LiN(CF;S0,),,

TOOTO B OCHOBHOMY 3aJICKUTh BiJl CTYIICHS AUCOMIaIlii COMi, IKa 3MIHIOETHCS B TAKOMY K
MOPSIAKY, 1 B MEHIIIH Mipi Bil THTOMOI €eKTPONPOBiXHOCTI enekTpouity. [lpn muk-
JyBaHHI CTaOUTBHICTh MUTOMOI €MHOCTI € HaiOibIIor0 B po3unHax 3 LiN(CF;S0,),.

Byno moka3zano, mo mpu 25°C nmutoma eMHICTh FeS, B HU3PKOKOHIIEHTPOBAHUX €JICK-
tpouitax (Ne5 ta Ne6) € 3HAUHO BHIIIOIO, HIX B aHAJIOTIYHUX CIJIb-COJNIBBATHUX EIEKTPO-
gitax (Ne7 ta Ne8), BiamoBigHO. AJie B IUX CICKTPONITAX 3MEHILICHHS ITMTOMOI €MHOCTI
KaTOJiB MPH IUKJIYBaHHI € JOCHTh CYTTEBUM. 3a TemmepaTypu 60°C muTtoMa €MHICTh
FeS, B cinb-conpBaTHUX €NEKTPOJITAX 3HAYHO ITIABHIYETHCS Ta 3aJMIIAETHCS BiTHOCHO
CTaOUIPHOIO MPY LMKIYBaHHI Ha BiMiHY BiJi HU3bKOKOHIICHTPOBaHMX PO3YMHIB (pHC.
1, aTa 1,0).

Ile minTBepmKkye 3po0iieHe HAMH MPHUMYMICHHS NP0 €()EeKTHUBHICTh BUKOPUCTAHHS
CLITb-COJTBBATHHUX €JEKTPOIIITIB JUISl MMiABUICHHS [[UKJTyBaTbHUX XapaKTEPUCTHK MIPUTY.

1. Choi J.-W., Cheruvally G., Shin Y.-J. et al. Effect of various lithium salts in TEGDME based
electrolyte for Li/pyrite battery // Solid State Phenomena. — 2007. — Vols. 124-126. — P. 971—
974.
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Puc. 1. 3apsia-po3psiani xapakrepuctuku Li-FeS, koMipok, oTpuMai npu
LMKITyBaHHi B eektpoiitax: (a) Ne6 Ta (6) Ne7. Temneparypa 60 °C,
rycruna crpymy 0,2 MA/cM%, Maca FeS, 2 mr/em®

Fig. 1. Charge-discharge characteristics of the Li-FeS, cells obtained
during cycling in electrolytes: (a) Ne6, and (b) Ne7. Temperature 60 °C,
current density 0.2 mA/cm?, mass of FeS, 2 mg/cm?

Natalia Globa, Vitalii Sirosh, Sviatoslay Kirillov
CHARGE-DISCHARGE CHARACTERISTICS OF FeS; IN SALT-SOLVATE ELECTROLYTES

Joint Department of Electrochemical Energy Systems NAS of Ukraine,
Academician Vernadsky Blvd., 38a, 03680 Kyiv, Ukraine, e-mail: gnl-n@ukr.net

Salt-solvate electrolytes are characterized by high thermal and electrochemical stability. It is found that the
magnitude of the specific conductivity of salt-solvate solutions in linear ethers depends on the temperature and
the nature of the anion of a lithium salt. During cycling FeS; in salt-solvate solutions, the specific capacity and
its stability are determined by the composition of the electrolyte.

Key words: specific conductivity, FeS,, anion, capacity, salt-solvate.
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CBiTOBE BUPOOHHIITBO OJIMB Pi3HOTO NPU3HAYECHHS csra€ Ounbine 42 MIH. T IIOPOKY.
B mpomeci 3acTocyBaHHS BOHH BTPa4alOTh CBOI BIACTHBOCTI 1 MOTpeOyrOTh 3amiHu. To-
My po3poOKa METOIIB pereHepalii crpanbOBaHUX OJNUB HAJICKHTH 10 BAXKIMBUX 3a1ad
TIPOMHCIIOBOCTI.

Bimoma HE3Ka cmocob6iB pereHeparlii CIpallbOBAaHUX OJIUB, OCHOBHUMH 3 SIKHX €
BaKyyMHa BIATOHKa OJNMBHUX (paKmiid, OYHIICHHS afcopOeHTaMHU pi3HOI MPHUPOAH Ta
cyibdaTHoro KucnoToro. OnHak OLIBLICTH 13 LUX METOMIB CYIPOBOMIKYIOTHCS
YTBOPEHHSIM HOBHX TOKCHYHHX Ta BaXKKO YTHJII30BaHHX BigxomiB [1].

Jlo HalOINbII WIKIAIMBUX 1 KOPO3IHHO-arpeCUBHUX PEUOBHH JIerpajallii OJlMB € OK-
CUTeHBMICHI NMPOAYKTH iX OKUCHEHHs. HaMu mokaszaHo, 110 11l peYOBHHH, 10 SKUX Hajle-
KaTh KapOOHIJIbHI (aJbJETiAN 1 KETOHM) 1 KapOOKCHIIBHI (OpraHiyHi KapOOHOBI KHUCIIOTH)
CHOJNYKM MOXYTh OyTH BHWJIYYEHHMH 31 CHpalbOBaHUX OJHMB METOJIOM CEJICKTHBHOI
EKCTpaKIii JIy>KHUM BOAHUM 1 BOJHO-CIIMPTOBHMH PO3YHHAMH.

Jns 3amoOiraHHsl YTBOPEHHs BiIXOIIB 1 MIiIBHINCHHS CTYIIEHS pereHeparii crpa-
IFOBAHMX OJIUB B pOOOTI OyiH BHpIiMIeH] 3a/1adi 10 eIeKTPOXIMIYHOMY MEPETBOPCHHIO
eKCTParoBaHMX 3 HUX OKCHUTEHOBMICHUX CIOJYK Ha3aJ y KOPHCHI BYTJIEBOIHI 0a30BUX
onuB. 3a3BUYail peaxilii KaTOAHOTO BiTHOBICHHSA KapOOHIIHPHHUX CIIONYK BHKOHYIOTH Ha
MeTallaX 3 BHCOKOIO nepeHanpyroro rigporeny (Hg, Cd, Pb) [2]. Oxnak Taki enekTpomHi
Marepiaiy HaleXaTh J0 TOKCHYHHMX, 2 OCHOBHHUMH IPOAYKTaMH € CyMIIIi CIHHUPTIB Ta
rigponumepiB. [lonsgpu3aiitHuMu TOCTIKSHHSIMIA HaMHU TTI0Ka3aHO MOJKIIMBICTH 3aCTO-
CyBaHHS JJIs BiTHOBJICHHS aJbJCTIIB 1 KETOHIB Oe3meuHux Al-kaTomiB, sKi TaKOX Xa-
PaKTepU3yIOThCS JOCTATHHO BHCOKOIO IEpeHarnpyroto BoAHI0. Kpim Toro, Hamm Oyio
MI0Ka3aHo, III0 OCHOBHUM ITPOyKTOM EJICKTPOJII3Y € CyMill ByTJIeBOIHIB [3]:

0 b -
O an4
HiC—CH—CH,—CZ e H,C—CH—CH,—CHi

| H Al-xarox

CH, CH;
H, 2¢

H3('—('H3—('H3—h.‘—(‘H3 = HiC—CHy—CHy—CHy—CH,

=KaToj1l

O

HaitarpecuBHIIIMMU CIIOSyKaMU JErpajallii OJduB € KapOOHOBI KUCIOTH. THIOBUM
€JIEKTPOJHUM MaTepiaioM Ul iX aHOJHOTO JeKapOOKCHIIIOBAHHS KHCIIOT € IUIaTHHA, a
OCHOBHHM TPOAYKTOM — BYTJICBOJICHb AUMEpPHOI cTpyKTypH (peakuis Konwbe) [4]. Pa-
30M 3 IIM 3aCTOCYBaHHS IUIATHHU Y ITPOMHUCIIOBHX TIPOIECaX € EKOHOMIYHO HE BUIIPAB-
naHnM. Hamwu mmokasaHo, IO eIeKTpOXHHMH MPOLEeC IepeTBOPEHHS KapOOHOBHX KHCIOT
MOJKe OyTH 33aJOBITbHO BUKOHAHHUI Ha TpadiToBOMy ab0 MIYHTITOBOMY aHOII 3a po0o-
ynx moTteHniamis 2,2-2.4 B (puc. 1). [IpogykramMu enexTpoltizy BOOHO-CITUPTOBHX PO3-
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Puc. 1 IlorenmiocraTnyHi noispu3amiiiii KpUBi pi3sHUX aHOMIB B HEHTPaIi30BaHOMY PO3UHHI
rexcanoBoi kucitotn 0,5 Mons/aM’: 1 — roratiua; 2 — myHriT; 3 — rpadir.
Fig. 1 Potentiostatic polarization curves of various anodes in 0.5 mol/l hexanoic acid solution:
1 — platinum; 2 — shungite; 3 — graphite.

YHMHIB € CyMilll BYTJICBOAHIB Pi3HOI OyI0BHM, M0 OyJi0 BU3HAYEHO XpomarorpadiuHuM
aHaJI30M.

Hamu 3ampomnoHOBaHHMI MEXaHi3M aHOJHOIO OKHCHEHHsS KapOOHOBHX KHCIOT
B00HO-CNUPMOBOMY po3uuHi 5], SKUH BKIIOYAE YTBOPEHHS BYIJICBOJHEBOTO PAaIHKAILY
Ta HOTO MOJANBIII IIEPETBOPESHHS Y HACTYIIHI MPOLYKTH (B Ay’KKax HaBEICHHUH IPOLICHT-
HUH CKJIaJ CyMiIi):

o)
H3C—CH2—CH2—CH2—CH2—C//

o
l - CO,

H3C(-CH2>8~CH3 -
(34 %) H;C—C=—=CH—CHj,
' (28,6 %)
H3C‘_CH2_CH2_CH2—CH3 H3C_CH2_CH2_CH:CH2
(1,2 %) v (38,2 %)

H3C—$H—CH2—CH3
CH,
(28,6 %)
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TakuM YMHOM, HaMM IIOKa3aHO, IO €JIEKTPOJi3 BOJHO-CIIMPTOBHX EKCTPAKTIiB
CIPAaIbOBAHUX OJIMB 3 BUKOPUCTAHHSAM TpadiToBUX (UIYHTITOBHX) aHOMIB i Al-karomiB
ITO3BOJISIE OJHOYACHO pPEreHepyBaTH CyMillli KapOOHUTBPHHUX 1 KapOOKCHIIBHUX CIIONYK
JleTpaaliii oJvB A0 BiAMOBIIHUX BYTJICBOIHIB.

1. Yu M., Ma H., Wang Q. Research and Recycling Advancement of used Oil in China and All
Over the World // Procedia Environmental Sciences. 2012. Vol. 16. P. 239-243. doi:
10.1016/j.proenv.2012.10.033

2. Tomunog A. I1., Maiipanosckuii C.I"., Quowun M.A., Cuuprog B.A. DIEKTPOXHUMHUS OpraHU-
yeckux coenuHennid. — JI.: Xumus, 1968. — 592 c.

3. Ledovskykh V., Davydenko O., Rogova E. Cathode reduction of aliphatic aldehydes on cad-
mium electrode for regeneration of used motor oils // Proceedings of the National Aviation
University. —2014. — Vol. 60, Is. 3. — P. 93-97. doi: 10.18372/2306-1472.60.7574.
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Dekker, 2001. — 1406 p.
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ELECTROCHEMICAL REGENERATION OF USED OILS

National Aviation University, Department of Chemistry and Chemical Technology,
Kosmonavta Komarova Aven., 1, 03058 Kyiv, Ukraine, e-mail: dom237@ukr.net

Electrochemical method of regenaration of oxygen-containing products of degradation of wasted oils was
researched. It reduces the quantity of waste products in technology of their regeneration, and allow to increase
the issuance of valuable hydrocarbons in base oil. This method is based on water-alcohol extraction, cathodic
regeneration of aldehydes and ketones on Al-electrode and anodic oxidation of carboxylic acids on graphite
(shungit) electrode. It is shown - the mix of hydrocarbons are the products of electro conversion of carboxylic
compounds, and they are formed by formation and transformation of hydrocarbon radical.

Key words: carboxylic acid electro-oxidation, electroreduction of aldehydes and ketones, regeneration,
used oil.
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B ocranHi poku crnoctepiraeTbcs 3HauHa XBWJIS IHTEpPECY 10 BiJIHOBIIOBAJIBHUX
JDKEpeIl CHeprii, 1 30KkpeMa MaluBHUX eleMeHTiB. CiUpTH, B 0COOIMBOCTI METAHOII 1 eTa-
HOJI, pO3MIISAAIOTHCA SIK TOTEHI[iaJIbHA 3aMiHa MOIIMPEHOMY aHOJHOMY IaJNBY, BOJIHIO,
HacamIiepe] B 3B’sI3Ky 3 IPOCTHM MpPOXYKYyBaHHSIM, HAaKONMYEHHSM, 30epiraHHsiM, 10-
CTaBKOIO JI0 KOPUCTYBAUiB, JO TOTO X MPsIMi CIIUPTOBI MATUBHI €JIEMCHTH MIPHIATHI IS
3aCTOCYBaHb MpH 0OMEXKEHHSIX MO Maci Ta 00’eMy, BOHH OLTBII MPOCTI B eKCILTyaTamii
[1]. OcHoBHa TpobieMa mpH PO3pOoOIi METAHONBHUX ITaJHMBHUX €JIEMEHTIB IMOJSATaE y
KIHEeTUYHUX YTPYIHEHHSX MPOIECY eNEeKTPOOKUCHEHHS METaHOoITy. Y cdepi OpraHiqHOro
€JIeKTPOCHHTE3Y HIKeNb € HAWOINbII BiIOMHM aHOJHUM MaTepialoM aJbTepPHATUBHIM
tatuHoigaM. OCHOBHOO MOTHBAIIEO TS TOCIIKEHHS €IEKTPOOCaHKEHUX CIUIABIB Ha
OCHOBI HIKEII0 € MOXIIUBICTh MPOSBY CHHEPreTHYHOTo edekTy mpu KoMOiHyBaHHI
BJIACTHBOCTEH KOMITOHEHTIB CIUIaBiB [2].

Hikenb-MiHI CIUIaBU HA CTaJICBid MiAKIAIINI Oyid OTPUMAHI y IIUTPATHOMY EJICK-
TpoustiTi HactymHoro ckiany (r/m): NiSO,7H,O — 160, 185; CuSO45H,0 — 5-6;
Na;C¢HsO7 — 70-80, pH 4-5. YMOBH OCaJKCHHS: TYCTHHA CTPYMY j 1; 2 A/nm?, Temre-
parypa enektponity 35-40°C. ExementHuii ckiaj, CTpyKTypa Ta MOp(oJIorist eneKTpo-
ocamkennx Ni-Cu cruraBiB OyJiM 0XapaKTEepHU30BaHi 3a JIONMOMOTOI0 pPEeHTIeHO(Iyopoc-
LEHTHOTO 1 PEHTTCHOCTPYKTYPHOTO aHaji3y Ta CKaHYIOUOi EJIEKTPOHHOI MIKpOCKOTIii
(CEM). OkucHeHHs MeTaHONIy Yy JyxHOMY cepemoumi (I M NaOH) mocmimkysanock
IUKITIYHOIO BOJIBTAMIIEPOMETPIETO TIPH MIBUIKOCTI PO3ropTKH moteHMmiany 10 mB/c.

PentrenodayopecieHTHIIA aHaii3 MMOKa3aB, IO MAacOBa YacTKa Mi/i Y OCAIKCHUX
crutaBax He nepesunryBana 10,16%. Ha enementnuit ckinag Ni-Cu MOKpUTTIB HalO1Ib-
mui BB MaB pH enekTponiTy, He3HAUHHH — KOHIIEHTpALlis COJi HIKEIo, a Mpu Ba-
pitoBaHHI j, 32 IHIIMX OJIHAKOBUX YMOB CKJIaJ| IIOKPUTTIB 30BCIM HE 3MiHIOBaBCs. [ToMiT-
HUI BIUIMB CKJIAJly €JIEKTPOJITY Ha eIEMEHTHUH CKJIajl MOKPHUTTIB, a TAKOX 1 Ha BUXiJ 32
CTPYMOM CIUTIaBy OOYMOBJIEHHH 3MIHOIO MIBUAKOCTI TapajeibHUX MPOLECIB 0CaKEHHS
Ni ta Cu y cunas i Buginesss H, [3].

Pentrenorpamu Bcix orpumanux Ni-Cu crulaBiB XapakTepH3yBalllCh OJHAKOBHM
posTamryBaHHAM pedekciB Ta iX HE3HAYHOIO IHTEHCHUBHICTIO, 110 BKa3y€ Ha YTBOPEHHS
TBEPAUX PO3UMHIB Mimi B Hikemi. OCKUIBKH MPH YTBOPEHHI TBEPAUX PO3UMHIB BUIIISA-
€TBCSl €HEPrisl CIUIaBOYTBOPEHHS, TOMY H UITKO MPOSBISIOTHCS €EeKTH Nenospu3anii
[3]. MoxxnHBO TIPHITYCTUTH, IO HIiKEIb BUIUIIETHCA Y CIUIAB 3 IETIOJSIPHU3AIIE0, a Milb
— 3 HJMOJSPHU3AITIETO.

Pe3ynbraTi cKaHyIOYOi €JIEKTPOHHOI MIKPOCKOIIi CBiI4aTh Npo Te, 1o MOpGOIoris
Ni-Cu NOKpHTTIB BU3HAYAETHCS B OLIBLIINM Mipi T'YCTHHOIO CTPYMY 1 HE3HAYHO KOHIIEPH-
Tpauieto coii Hikenmto. HaiiOinbln piBHOMIpHa MoOBepXHs 3 ApiIOHUMHU CHEpUUHUMHU YT-
BOPEHHSIMH Ta Maiike IOBHOIO BIJICYTHICTIO mop crnocrtepiraigack i Ni-Cu crasis,
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Puc. 1. CEM wmikpodororpadis moBepxui Ni-Cu HOKpUTTS (@), HMKITiYHI BOIbTaMIeporpamu (6)
Ni-Cu cmagis y 1 M NaOH: 1 — 6e3 CH;OHTa32-0,3M;3—-1M;4-2M CH;0H,
3aJIeKHICTh MKy aHOTHOTO cTpyMy Bin koHueHTpanii CH;OH (s8)

Fig. 1. SEM micrograph of the Ni-Cu coatings (a), cyclic voltammograms (b) of the Ni-Cu alloys
in 1 M NaOH: 1 — in the absence CH3;0H and the presence 2 — 0,3 M; 3 — 1 M; 4 -2 M CH;0H,
dependency of anodic peak current on the concentration of CH30H in solution (c)

0CaDKEHUX TPH j, = | A/,I[Mz, Cnisos= 185 r/m, pH 44,2 (puc. 1, a). Li x crinaBu moxa-
3aJIi HaliBUII 3HAUYEHHS CTPYMY OKHCHEHHS MeTaHoury (puc. 1, 6).

[Ipu anoxni#t nonspuzarnii y 1M NaOH na nosepxai Ni-Cu crumaBiB crodaTKy yTBO-
prorotbest NiO ta Ni(OH), (E = 0,052-0,122 B), mo mpu3BoAuTh 10 30aradeHHs Io-
BepxHi enekrpoxiB mimmio. Ilpu morenmiamax 0,6-0,7 B Ni(OH), oKHCHIOETBCS [0
rigpookcocnonyku Buiioi BaientHocTi NiIOOH, a mine — 1o Cu,O, CuO, a Hamam MoB-
Hictio 10 Cu(OH), [4]. BHacmigok 1s0ro MOBEpXHS EJICKTPOJIB MPEICTABISLE COOO0
cymim NiOOH ta Cu(OH),.

Ha Ni i Ni-Cu noKpuTTSX reHepyBaJIHCh JOCTaTHRO BUCOKI CTPYMH IPH HAasIBHOCTI Y
pozunHi Metanomy (puc. 1, 6). Ha Ni-Cu crutaBax croctepiraiuch BUILli CTPyMH aHOII-
Horo okucHeHHs CH;OH, Hix Ha ynctux Ni nokpurtsax. Tak, npu Ceyzon | MONB/T Be-
JMYMHA THKY AHOJHOTO CTPYMy Ha UYHCTOMY Hikedi craHoBHma 18 MA/cM?, a s Ni-
Cu CrmaBiB 3HAXOIMNACh y MeXax Bix 32 10 55 MA/cM’. Ile Moxe GyTH 06yMOBIEHO
OLTBIII BHCOKOIO KOHIICHTpAIli€f0 KatamiThdHo akTuBHOI [-hazm NiOOH Ha moBepxHi
Ni-Cu crnagis [4].

Sk GaunMo 3 KpuBHX Ha puc. 1, 6, anomamid ik okucHeHHs CH;OH 3HaxommBcs
mobnu3y notenmianis 0,82-0,89 B, siki € OUIBIN MO3UTUBHUMHE, HIK MOTEHIAIH OKHUC-
uwernst Ni(OH), no NiOOH, 0,6-0,7 B. Ile Bka3ye Ha Te, 1[0 MOKIMBO OKMCHEHHS METa-
HOJIy BiOyBa€ThCs K 3 YUacCTIO KaTajiizaropa-nepeHocHuka crnonyk Hikemto (I11), Tax i
0e3mocepeIHRO MPH Mepediry eIeKTPOXIMIUHOT peakilii Ha MOBEPXHi OKCHUJIIB, 110 YTBO-
PHJICh Ha eJeKTPOAAX NPY aHOHIN MoJspr3atii.

Sk 6aunMo 3 XapakTepy BOJIFTAMIIEpOrpaM, a camMe HAsBHOCTI 3HAYHOTO ITiKYy IpH
noreHuianax nobmausy 0,8 B, oKMCHEHHS MeTaHOy TPUBA€E Ha MOYATKOBIH cTaaii KaTom-
HOTO HaMiBOMKITY. 32 aHOAHWI HamMiBIUKIJ HE BECh METAHOJ IiIAETHCS OKHCHEHHIO 13-
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3a 3MEHIIEHHsI KIJIbKOCTI Miclb /st Horo ajacopOuii Ha MOBEPXHI CIJIaBiB BHACTIIOK ii
3aIIOBHCHHS NPOJYKTAaMHU aHOIHUX peakuiil. HailOinpm iIMOBIpHUMH MPOIYKTaMH OKHC-
Herass CH;0H y nyxHomy cepenosumii € HCOO™ ta CO, [5], Xo4a He MOXKHA TTOBHICTIO
BUKII0oYatd 1 yrBopeHHs CO, SKMH 34aTHUH O 3HAYHOrO OJIOKYBaHHS €JIEKTPOIHOI
moBepxHi. [Ipy 3BOPOTHIN pO3ropTiii MOTEHIIaTy IOsBa MAaKCHMYMY CTPyMY IIOB’si3aHa
caMe 3 pereHeparli€ro akTMBHHX Micib st agcop6iii CH;OH BHacmizok BumaneHHs
a71copOOBaHUX MPOIYKTIB aHOIHUX PEaKIIii.

Crpymu miky okucHeHHss CH3;0H Ha Ni i Ni-Cu nokpuTTsix 0y mpsMOITpOIOpIiiHi
fioro koHieHTparii B po3uuHi (puc. 1 B/c). IlomiOHI 3aJeXKHOCTI XapakTepHi IS
€JIEKTPOKATAIITHYHUX IPOLECIB, 110 BiIOYBatOThCs 3 qudy3iiiHUM KoHTposieM [4].

Taxum unnom Ni-Cu cruiaBu, eNeKTPOOCaKEHI 3 IUTPATHOTO EJIEKTPOJIITY, MPOSIB-
JISIFOTH KaTalliTHYHY aKTHBHICTH Yy peakuii okucHeHHss CH;OH y myxHOMY cepenoBumi,
NpH LIEOMY CTPYMH aHOTHOTO OKHCHEHHS, SIKi CIIOCTEpIraluch Ha IUX CIUIaBaX BHILI,
Hik Ha Ni MOKPUTTSIX.
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ELECTRODEPOSITED NICKEL-COPPER ALLOYS AS CATALYSTS
FOR METHANOL OXIDATION IN ALKALINE MEDIA

Khmelnytskyi National University, Department of Chemistry and Chemical Engineering,
Instytutska str, 11, 29016 Khmelnytskyi, Ukraine, e-mail: evgzaverach@ukr.net

One of barrier to wide-spread usage of the direct methanol fuel cells is the slow kinetics of methanol
oxidation on the fuel cell’s anode. Nickel and nickel alloys are the most investigated Pt-alternative anode
catalysts for methanol oxidation due its surface oxidation properties. The nickel-copper alloys were electro-
deposited from a citrate electrolyte. The chemical composition, structure and surface morphologies of Ni-Cu
coatings were characterized by X-Ray Fluorescence Analysis (XRF), X-ray diffraction (XRD), Scanning
Electron Microscope (SEM).

The electro-oxidation of methanol on pure Ni and Ni-Cu alloys starts at about 0,65-0,7 V when the
electrode surface is covered with formed NiOOH species and then the current density reaches its maximum
values at about 0,82-0,89 V in anodic direction. The anodic current of methanol oxidation was proportional
bulk concentration of methanol. The nickel-copper alloys show higher catalytic activity than pure Ni coatings
towards the electrochemical oxidation of methanol.

Key words: fuel cell, nickel-copper alloys, electrodeposition, citrate electrolyte, catalyst, methanol
oxidation.
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CunyMing, K KOHCTPYKIIHHI MaTepiain, OTHOYACHO 3 TAKMMH ITO3UTUBHUMH ITOKa3-
HUKaMHU, SK HU3BKI IUTBHICTH 1 KOS]IMieHT TEpTs, BUCOKI MIIHICTh, TEIUIONPOBITHICTS,
3HOCO- Ta KOpO3ilfHa CTIHKiCTh, Yepe3 BMICT 3HAYHOI KiJTBKOCT] JISTYBATbHUX KOMIIOHEH-
TiB Ta IHTEPMETAIIYHUX CIOJYK, €BTEKTHK i MEPBUHHUX BUAUJICHb KPEMHIIO € TeTepo-
TeHHUMH CIUIaBaMH. [ MiIBUIIEHHS eKCIUTyaTalliifHiX BJIACTUBOCTEH CHIIyMIiHIB JO-
LILHO TPOBOJUTH X MOBEPXHEBY MOAM(DIKAIIIO NUISIXOM HaHECEHHS (YHKI[IOHAJIBHUX
MOKPHBIB Pi3HOTO NPU3HAYCHHSL.

OnuH 13 HalleQekTHBHIMINX HUIAXIB Moisirae y GpopMyBaHHI KepaMiKOMOAIOHUX IMO-
KPUBIB METOJIOM ILIa3MOBO-EJIEKTpOiTHIHOTO okcuayBanHus (ITEO). V Bucokoenepre-
tnaHEX pexxnmax [TEO 3a paxyHok peasizalii eleKTpPOXIMIYHUX Ta TEPMOXIMIYHUX pe-
akmii BinOyBaeTbcs (HOpMyBaHHS BHCOKOPO3BMHEHOI MAaTpHIl OKCHIY ANIOMiHIIO, 1O
CKIamy sKoi MOXYTh OyTH IHKOPIIOpOBaHI KaTioHM ab0 NeperiaBd KOMITOHEHTIB
enektpodiity. [lepeBaramMu maHoro crmocoOy MOBEpXHEBOI MOIUQIKAIII] € IPOCTOTA TeX.-
HOJIOTIYHOTO 00JaIHAHHS, HETOKCHIHICTh pOOOYNX PO3YMHIB, BIICYTHICTH CKIIQIHO] ITO-
MePeIHBOI MIATOTOBKU ITOBEPXHi, MOXIHUBICTh €PEeKTHBHOI OOPOOKH CKIagHO-TIpOdi-
JIbOBAaHUX Ta BEJIMKOTa0APUTHUX BUPOOiB.

B Toli e yac OKcHayBaHHS CHIyMiHIB Ma€ MEBHI OCOOIMBOCTI TOPIBHIHO 3 OKCUJTY-
BaHHSM IHIIKX criaBiB amoMiHifo. [TEO cuimyMiHIB JOIIBHO MPOBOAMTH B KOMILIEKC-
HUX €JIEKTPOJIiTaX, OCKUILKY HasBHICTB JIETyBaJbHUX €JIEMEHTIB BUMarac romoreHisarii
MOBEPXHI B Tpoleci 00poOKH s (OpMYyBaHHS CYLIJIBHOTO OKCHIHOTO TOKPHBY Ta
3abe3neveHHs] oro BUCOKOI ajresii i3 OCHOBHMM MeTanoM. Enekrpornith mporo THmy
BUPI3HAIOTHCS BUCOKOIO CTAOIIBHICTIO Ta 3pYYHICTIO KOPUTYBaHHS B IIPOIEC] eKCILTya-
Tamii i BogHOYac JO3BOJSIIOTH (POPMYBATH KEpaMiKONOAIOHI MOKPHUBH, JOMOBAHI PI3HUMHU
KOMITOHEHTaMH. Jlo CKJlaJly TOBEPXHEBUX OKCHIHMX IIapiB MOXYTb OyTH BBEIEHI CIIO-
JMYKH TIEPEXiTHUX, ONAaropomHUX, PIOKICHUX 1 PO3CITHUX EIEMEHTIB, NesKi HeMeTallH,
MpHUpoJa SKUX BIUIMBAE Ha (Di3MKO-MEXaHIYHI BIIACTHBOCTI CPOPMOBAHHX OKCHIAHUX
mapiB [1], ToMy BBeIEHHS 0 CKJIaIy OKCHIHHUX ITOKPHUBIB KAaTaJliTHYHO aKTHBHHUX KOM-
MTOHEHTIB JI03BOJINTH BHKOPHUCTOBYBATH OCp)KaHI MaTepialnd B PONi KaTaji3aTopiB y
CHCTEMaX OUYHIIEHHS PiAKKX 1 ra30MoAiOHUX cepeIOBHIIL.

Jist mocnipkeHb BUKOPHCTOBYBanM 3pasku cuiyminy AKI12M2MrH. [lnasmoBo-
CJIEKTPOJIITUYHI MOKPUBU (HOPMYBAIH Ha 1a0OPATOPHOMY CTEHI1, IO BKITIOYAB JHKEPEIIO
CTPYMY, €JIEKTPOJITUYHY KOMIPKY i3 OXOJIO/PKEHHSIM Ta MEPEMIIIyBaHHAM EJIEKTPOJIITY,
€JIEKTPO/IM Ta MPHJIaJy KOHTPOIJII0 poOodmx mapamerpiB npouecy. Ckiax eneKTpoiTiB
ta pexxumu [IEO ¢opmyBaHHS MOKpUBIB HaBe[eHO y Tabi. 1, 4ac OKCHIyBaHHS CKJIaJaB
30 xB. I[lizrotoBka MOBepXHi 3pa3KiB BKIIOYAJa €TAllM MEXaHIYHOI OOpPOOKH, 3HEKH-
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PEHHS Ta MPOMHBaHHS Bos1010. MopdoJorito nmoBepxHi chOpMOBaHUX OKCHIHHUX ITOKPHU-
BIB JOCII/KYBajll 3 BHKOPHCTAHHSAM CKaHIBHOTO eJEKTpOHHOro Mikpockoma ZEISS
EVO 40XVP. Tonorpadito moBepxHi BUBYAIH Ha aTOMHO-CHIOBOMY Mikpockomi HT-
206. XiMi4HHH CKIIa[ TMOBEPXHEBUX OKCHIHUX MIapiB BU3HAYAIH 3 BHKOPHCTAHHIM
enepro-nucnepciitaoro crekrpomerpa Oxford INCA Energy 350 3 inTerpoBanuM mpo-
rpaMHUM cepenoBuiieM SmartSEM.

Bcranosieno, 1o mig gac [TEO-00poOKu CHTyMIiHIB XpOHOTPAMH HAIMIPYTH MPOLECY
OKCHIyBaHHS MalOTh KJACHYHHUU BHUIJISA] 13 PO3MIJICHHAM Ha JA0ICKPOBY, iCKPOBY, MIiKpO-
JIYrOBy Ta OyroBy oOiacti. B Toi e uac, ocHOBHI TexHojoriyni mapamerpu [IEO
3aJIeXaTh Bijl CKJIa[ly BUKOPUCTAHOTO €JIEKTPOJiTy. OKCHAYBaHHIM Y JY)KHUX €JIEKTPO-
mitax Nel ta Ne2 critaBy AK12M2MrH oznepskaHo piBHOMipHI OKPHBH OKCHIAMH CKJIa-
ay AL O3 CoOy Ta Al,O3-MnOy. ITocninoBHUM OKCHIyBaHHAM B enektponitax Nel Ta
No2 moxHa onepsxkatu 3mimanuii nmokpus Al,O3-CoOyx, MnOy. Ilpn iHkopnopauii mera-
niB-nonanTiB 1o mMatpuni Al,O; Mopdosoris moBepxHi 3MiIIaHUX OKCHAHUX MOKPHBIB
CYTTEBO 3MIHIOETBCS (pHC. ).

Ta6auuns 1. Cxnag enextporiti Ta peskumu [IEO-006poOxu
Table 1. Composition of electrolytes and PEO-treatment modes

No Tomyrouuii Crkiax Konuem‘pagm TeMHepaTypa I'yctuna Hanpyra,
. . KOMIIOHEHTIB, | €lEeKTPONITY, | CTpyMy,
CJICKTPOJITY | KOMIIOHEHT |€eJIEeKTPOJITY OB/ oC Al B
Nel Co oS0, 0.1 3.5 | 160.180
K4P,04 0.4 20. 25
KMnO, 0.005 "
Ne2 Mn KOH 0.05 15.25 | 220..240

o6/b

6/c

ala
Puc. 1. Mopdonoris noepxui [IEO-nokpusiB Ha AK12M2MrH: Al,0;-CoOy (a),
Al,O3-MnOy (6) Ta Al,03-CoOy, MnO, (6)
Fig. 1. Morphology of PEO-coatings on AK12M2MgN: Al,05-CoOy (a), AL,O3-MnOy (b)
and Al,05-CoOy, MnOy (c)

BxiroueHHs OKcUAIB KOOAIbTy A0 CKIagy MOKPUBY 3yMOBIIOE (popMyBaHHs cepo-
iMHUX OCTPIBKOBHX CTPYKTYp CHHBO-(ioseToBoro kosnsopy. B mponeci [IEO-06po6xu
Taki MO3aiuHi CTPYKTypH PiBHOMIPHO BKPHBAIOTh BCIO IIOBEpXHIO 3paska (puc. 1, a).
IMEO cuymiHy y MaHTaHBMICHOMY Jy>KHOMY €JICKTPOJIiTi 3a0e3neuye popMyBaHHS MiK-
POTIIOOYIIIPHOTO OKCHIHOTO MIApY 3i 3HAYHOK KITBKICTIO KOHTJIOMEPATiB, YTBOPCHHUX
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npibHIMHE chepoinamu (puc. 1, 6). JIBoxcTaniiiHe okcuayBaHHS 3 (OPMYBaHHIM 3MillIa-
HOTO INapy OKCHIIB KOOalbTy Ta MaHTaHy JO3BOJIIE OJAEPXAaTH JpiOHOAMCIIEPCHHUN
mopyBatuii mokpus. KepamikomoniOHi OKCHIHI IIapy € piBHOMIPHHMH Ta MarOTh PO3BU-
HeHy MoBepxHI0. BmicT gonanTis (ko0anbsTy Ta MaHraHy) CTaHOBHTH 10 23...36 aT. %, a
BMIcCT cuminito He nepesutnye 3.0 at.%.

CuHTEe30BaHI OKCH/IHI IOKPHBH 32 pe3yIbTaTaMi TECTYBaHHS Yy MOJEIBHUX PEaKIIisIX
okucHeHHs CO 1 OeH30/1y XapaKTEePU3YIOThCSI BUCOKOIO KaTATITHYHOK aKTUBHICTIO 1 HE
MOCTYNAIOTHCS MaTepianam i3 BMICTOM KOLITOBHUX MeTaliB [2].

Anpo0anito MOXJIMBOCTI BHKOPHUCTAaHHsSI PO3pPOOJIEHOI TEXHOJIOTII Ul IUIa3MOBO-
eJeKTpoJiTHYHOi 00poOku nmopmHiB JIB3 3xilicHioBany nursxom [TEO nopriHs aBuryHa
KamA3-740 3 ¢popMyBaHHSM OKCHAHUX MOKPHBIB HA KpHUIILi. BuKopucTaHHs kepaMiko-
noAi0HUX TOKpuBiB nopurHs [IB3 npuBOAMTE 10 3HWKESHHS TEMIEPATyPH 3arallOBaHHS
MAJIMBHOI CyMillli, 30KpeMa 3a paXyHOK BHIIMX TEIUIOI30JISIMHUX BIACTHBOCTEH OKCHI-
HOTO IIapy MOPIiBHSHO 3 HOPIIHEM CTaHJapTHOI KOMIUIEKTAlii 3 HEOOPOOICHOIO0 MOBEPX-
HEro. 3aBISKH OCOONMBOCTSAMH MPOIIECIB KATANITHIHOTO TOPIHHA MAaNHBa y TPHUCTIHKO-
BHX 30HaX KamepH 3ropsHHS [IB3 ckopouyeThcs (paza HEKEpOBaHOTO TOPIHHA HaluBa i
4ac WOro 3ropsHHs. BcTaHOBIEHO, IO HAWBUIN MOKA3HUKH MAMBHOT €KOHOMIYHOCTI
nputamanHi cucteMi Al,O3-MnOy, Tofi K emicis TOKCHYHHX Ta30BUX BUKH/IB 3MEHLIY-
€ThCSI TIPU BUKOPUCTAHHI mopiiHs i3 mokpuBoM Al,O;3-CoOy. 3amporoHoBaHi CHCTEMH
MOXYTh 3HAaWTH 3aCTOCYBaHHsS B TEXHOJOTISX BHYTPIIIHBOLMIIHAPOBOIO KaTallizy 3
METOI0 3HMKEHHS TOKCHYHOCTI ra3oBuX BHKHAIB JIB3 Ta migBHINEHHS iX MaJIMBHOI
eKOHOMIYHOCTI [3].

1. Sakhnenko N.D., Ved’ M.V., Karakurkchi, A.V. Nanoscale Oxide PEO Coatings Forming from
Diphosphate Electrolytes. In Nanophysics, Nanomaterials, Interface Studies, and Applications.
— Springer International Publishing AG, 2017. — P. 159-184.

2. Ved’ M.V., Sakhnenko N.D., Karakurkchi A.V. et al. Functional mixed cobalt and aluminum
oxide coatings for environmental safety // Func. Mater. — 2017. — Vol. 24, No. 2. — P. 303-310.

3. Parsadanov L.V., Sakhnenko N.D., Ved’ M.V. et al. Increasing the efficiency of intra-cylinder
catalysis in diesel engines // Vopr. Khimii i Khim. Tekhnol. — 2017. — No. 6. — P. 75-81.

Ann Karakurkchi, Mykola Sakhnenko, Maryna Ved’, Andrii Horokhivskyi

PECULIARITIES OF PLASMA-ELECTROLYTIC TREATMENT OF SILUMINS
IN ALKALINE ELECTROLYTES

National Technical University «Kharkiv Polytechnic Institute,
Department of Physical Chemistry,
Kyrpychova Str., 2, 61002 Kharkiv, Ukraine, e-mail: anyutikukr@gmail.com

The features of silumin AK12M2MgN plasma-electrolytic treatment in alkaline electrolytes were studied.
Using PEO allows homogenize the surface layer, reduce the content of alloying components and create condi-
tions for the formation of uniform oxide coatings and incorporation of dopants. It is shown that PEO silumin in
alkaline solutions of electrolytes with additives of salts cobalt and / or manganese allows to obtain ceramic-like
coatings Al,O3; CoOy and AL,O3-MnO,. It is defined the technological parameters of PEO-treatment of silumin
to form oxide coatings with a high content of dopants. The morphology and composition of oxide coatings
depend of the electrolyte type. The proposed systems can find application in the technologies of intra-cylindra
catalysis to reduce the toxicity of gas emissions of engines and increase their fuel efficiency.

Key words: plasma-electrolytic oxidazing, silumin, AK12M2MgN, oxide coating, surface morphology,
catalytic activity
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Supercapacitors are modern electrochemical power sources and are widely used as
power sources for electrical motors, starter batteries for internal combustion engines,
uninterruptable power supply units for computers and other devices. Hybrid super-
capacitors are perspective. As a result of high charge-discharge rate, the electrochemical
process occurs on a surface and thin surface layer of the Faradaic active electrode
material. This leads to special requirements for Faradic electrode active materials [1].
Nickel hydroxide are used as active substance of the hybrid supercapacitors. However,
the complex requirements for Ni(OH), for use in supercapacitors have not been studied.

The aim of this work was to define the parameters of nickel hydroxide, at which it
demonstrates high specific capacity in supercapacitor regime. Objectives: a) to synthe-
size the nickel hydroxide by various methods, to prepare samples with different cha-
racteristics; b) to study structural, surface and electrochemical properties of prepared
samples; ¢) to carry out a comparative analysis of samples’ properties and determine
parameteres of highly active nickel hydroxide for supercapacitor applications. For
investigation Ni(OH), samples were prepared by various methods: decomposition [2] —
slow decomposition of tetraaminnickel (Decomp), homogeneous precipitation — with
thermal hydrolysis of urea (0C), electrochemical synthesis using slit diaphragm elec-
trolyzer [3] under various current densities (S-0,2-8 and S-0,2-15,7), with diaphragm or
membrane (S-0,2-12M), carbonate activation (S-0,2-12C03), immediate ultrasound
post-treatment (S-0,2-12US), high temperature two step synthesis with hot and cold
hydrolysis [4] (High Temperature 2 Step Hot Hydrolysis and High Temperature 2
Step Cold Hydrolysis), and an industrial sample, prepared by chemical route (Bohe-
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mia). Structural properties of the samples were studied by X-ray phase analysis, specific
surface area — BET method by nitrogen adsorption, electrochemical characteristics —
galvanostatic charge-discharge cycling in the supercapacitor mode. Specific capacities of
sample are shown in Fig. 1.
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Fig. 1. Specific capacity of nickel hydroxide samples, synthesize by different methods, F/g

Puc. 1. [Iutoma eMHICTb 3pa3KiB TiAPOKCHIY HIKEI0, CHHTE30BaHHUX Pi3HUMHU MeTogamu, O/r

It has been demonstrated that high specific capacity is the most affected by a (or
layered a+p) structure, optimal (average or low) crystallinity, introduction of activating
additive and the ability of particle agglomerates to undergo breakdown into smaller
particles during charge-discharge. Specific surface area has little influence on specific
capacity. The sample prepared in slit diaphragm electrolyzer at 15.7 A/dm” has a layered
type of crystal structure, and the ability of particle agglomerates to undergo breakdown
into smaller particles during charge-discharge, and showed the high specific capacity of
650 F/g. Samples, obtained by high temperature two step synthesis, have been shown
principal difference behavior. During this synthesis nano-sized particles have been obta-
inned. Under hot hydrolysis pseudosingle hexagonal particles with fractal geometry and
high crystasllinity have been formed. With cold hydrolysis sample crystallinity is lower.
In accordance with the previously revealed pattern, specific capacity of cold hydrolysis
sample is higher than hot hydrolysis sample one. But for both samples decreasing of
specific capacity under current density increasing is characterized. This is explained by
the impossibility of particle destruction. It should be noted that the sample obtained by
high temperature two step synthesis with cold hydrolysis showed the highest specific
capacity of 1057 F/g. Also, a high capacitance showed a sample obtained by high
temperature two step synthesis during hot hydrolysis, despite the extra high crystallinity.
At the same time, on a CV curve this highly crystalline B-Ni(OH), showed the behavior
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of a-hydroxide. Therefore, the nanodimension of Ni(OH), particles is also a factor deter-
mining high electrochemical activity.

1. Simon P., Gogotsi Y. Materials for electrochemical capacitors. — Nature Materials. — 2008.
Vol. 7, Is. 11. — P. 845-854.
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3. Kovalenko V.L., Kotok V.A., Malishev V.V. Electrochemical obtaining of Ni(OH)2 from
sulphate solution by flowing slit diafragm electrolyzer / RSE-SEE, 1st regional symposium on
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BuBYEHO CTPYKTypHi, NOBEPXHEBI Ta EJIEKTPOXIMIYHI BJIACTHBOCTI 3pa3KiB TiAPOKCHIY HIKEIIO,
OTPUMaHUX METOJAaMH JEKOMIIO3HIil, TOMOT€HHOTO OCA/UKEHHS, EIEeKTPOXIMIYHOIO CHHTE3y B INUIMHHOMY
niadhparMoOBOMY €JIEKTPOJIi3epi HpH PI3HUX YMOBaX, BUCOKOTEMIIEPATYypHOIO ABOXCTYIICHOBOIO CHHTE3y Ta
IPOMHCIIOBOrO 3paska. [lokasaHo, 10 HaHOLIBIIMI BIUIMB HAa NNTOMY €MHICTh B CYHEPKOHICHCATOPHOMY
PEeXUMI MalOTh THUII KPHUCTAJIYHOI PEIIiTKH, KPUCTAIIYHICTh Ta 3JAaTHICTH IO pO3Mamy arperaTiB I vac
3apsiLy-po3psiLy; MUTOMA IOBEPXHsI BIUIMBae cnabo. [loka3aHo CHIbHMII MO3UTHBHHI BIMB HAHOPO3MIPHOCTI

YAaCTMHOK TiPOKCHY HIKENII0 Ha eNEeKTPOXIMiuHiI BIacTMBOCTI. MaKCUMalbHO OTpPUMaHa €MHICTh CKJIAJIA€
1057 ®/r

Knouosi cnosa: TiOpOKCHA HIKENIO, MHTOMA €MHICTb, CYNEPKOHICHCATOP, KPUCTANIYHICTB, pO3Man
arperariB 4aCTHHOK, HAHOPO3MIpPHICTb.
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Jocnimkena epexTuBHICTh GoToenekrpoxiMiunoi (PEX) xoMipku Ui OTpUMaHHS
Ta aKyMYJIIOBaHHS «COHSYHOTro» BOJHIO [1], y sIKiif sIK ()OTOAHOA BHKOPHCTOBYBAJIH
MoaudikoBaHi rpapenoBumu Matepianamu (okcunom rpadena (OI') abo BigHOBIEHHM
oxcuzoM rpadena (BOT)) conyku tumy A"BY! (CdSe Ta iHIIL.) 3 HeBeTHKOIO IHPHHOO
3a00pOHEHOI 30HU, SKi T0Ope MOTIHMHAIOTH BHIUME CBITIIO, a Y SIKOCTI KaTOIy — BOJCHb
copOyrodi cruraBu a00 KOMIIO3HUTHI CIIOTYKH HA OCHOBI Tpa)eHOBUX MaTepialib.

Bomny nucnepciro BiTHOBICHOTO OKCHAY TpadeHa OAep KyBaId €NEeKTPOXIMITHIM
METOZIOM 3 OKHCHEHOTO TpadeHa, OTPUMAHOTO ENEKTPOXIMIYHUM OKHUCHEHHSIM Oararto-
mrapoBux ByrierieBux HaHoTpyOok (BILIBHT) abo moandikoBaHM MeTOI0M Xammepca
3 MOJANBIINM BiXHOBICHHAM XiMiuHHUM MeTonoM [2]. OT' i BOI' 6ynu inentudikoBani
METOJIaMH eJIEKTPOHHOT Mikpockorii (puc. 1), KOMOIHAIIHOTO PO3CIIOBaHHS CBITJIA
(puc. 2), IK cnekrpockonii, POC Ta penrrenodaszosoro aHamisy.
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nazepa 1 MBt mis nogarkosux BILIBHT (1), OI" (2) Ta
Fig. 1. Electron micrograph of samples BOT (3).

of RGO obtained by an electro-
chemical method. At the top —
diffraction pattern of this sample.

Fig. 2. Raman spectra at excitation wavelength of 488
nm and a laser power of 1 mW for the initial MWCNT
(1), GO (2) and RGO (3).
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BonenbcopOyrounii cruiaB OTpUMYBajId METOAOM Ta30BOTO PO3MWIY pPO3IUIaBy B
iHepTHi atMocdepi. BukopucroByBamu ¢paxiito mopomkiB 150-300 MM, sky migna-
Baym nojansimomy momeny ao 50 mxm. Karon (K) maB ckman - cymim crurais (0.08 1)
(LaNig sMng s+LaNi3 sAlp;Mngg) + Cuye, (cmiBBimHomeHHs 1:3). Pospanna emHicTh
enekrpony 175 + 258 MA-Toa/r.

Hanisnposinaukosi rerepoctpykrypu TiO,-CdSe O6ymu otpmmani nuisixom Oararto-
IIApOBOTO MEXAHIYHOTO HaHECeHHsA Ha Ti-MigKTagKy moiomero ~3 oM’ i3 CrlerianbHo
chopmoBaHuM mrapoM HaHOTPYOOK TiO, BomHOi cycmensii 3apibnennx mopomkis CdSe
ta CdCl, 3 nogaBanHsM nomieTuaeHrIiko0 (Al1-A3) Ta BiTHOBICHOTO OKCUAY rpadeny
(A4). dns niaBuineHHS epeKTUBHOCTI (OTONEPETBOPEHHS MOBEPXHS HAMIBIPOBIIHUKIB
mignaBanacs TpaBieHHO B po3umHi 0.5 M CrO;. ToBmmua miiBku craHoBmia 0,3+
3 MkM. OTpuMaHi HamiBIPOBIAHWUKOBI CIIOJYKH CTIHKH B OKHCHO-BIJIHOBHIN cHCTEeMIi
S*7/S,”", 10 BUKOPHCTOBYEThCA Y SKOCTi pOGOUOro €IEKTPOIIITY.

BcranoBneHO, 110 OTpUMaHI reTepoCTPYKTYPH Ha OCHOBI HalliBIIPOBITHUKOBHUX ILTi-
Bok CdSe mMaroTh MmokpaiieHi HaBaHTaXyBallbHI XapaKTePUCTUKH Ta OUTBIINHA (OTO TM0-
TEHI[ia)l y TOYIli MaKCHUMalIbHOI BiHadi MOTYXHOCTI ¥ (POTOENEKTPOXIMIUHIN KOMIpIIi.
OpHi€ro 3 MPUYUH MOKPAIIECHHS XapakTepUCTUK KOMITO3UTHOI cTpykTypu NT-TiO, /
CdSe / OI' € momninmeHHs MOALTY €IeKTPOHHO-TIPKOBHX Map B 00JACTi MPOCTOPOBOTO
3apsny (OI13) momudikoBanoro CdSe, sika Ma€ KOHTAKT 3 €IEKTPOJITOM, OCKIIBKH I'pa-
(eHOBI CTPYKTYPH MOXXYTh OyTH aKIENITOPAMH €JICKTPOHIB [3] 1 CIPUAIOTEH 301IBIIICHHIO
HEeraTHBHOTO 3apsiay IOBepXHI HamiBIpoBinHKKa B koHTakTi CdSe / OI i, sik HacIHiIOK,
36unbIIeHHI0 enekTpuyHoro nois B OII3. B pesynbrari 3MeHIIyIOTbCsl BTpaTtd (oto-
TCHEPOBaHUX HOCITB 3apsiny Ha pekomoOiHarito B OI13 [4], kpim Toro, yacturku Ol mMo-
KYTh HEWTpasi3yBaTH aKTHBHI ITOBEPXHEBI IIEHTPH pPEKOMOiHaIil, aHamoriyHo ii
KBaHTOBHMX TOYOK METaJIiB 1 HaIBIIPOBiIHKUKIB Ha roBepxHi GaAs i InP enexrponis [5].

Otpumani komno3utHi potoanoxu NT-TiO, / CdSe / OI' 3a0e3neuyBany BUIUICHHS
BOJIHIO HA IUIATHHI, @ TAKOXX Ha KaTOXHHUX MaTepiajiax, MEPCIEKTUBHUX UIS BHKO PHC-
TaHHSI B (POTOCIEKTPOXIMIYHMX KOMipKax (BiTHOBICHOMY OKCHII rpadeHa, Mommdiko-
BaHOMY HaHOYaCTHHKaMHu Pt, i OaraTomapoBHWX BYTJIEIIEBHX HaHOTpyOkax). BcraHoB-
JICHO, [0 OTPHMaHi ()OTOAHOIN 3a0€3MeUyIOTh eNEKTPOXIMIYHE aKyMyJIFOBaHHS BOJTHIO
Ha Karoni. Pesympratn nmocmimkenHs podorn ®EX KOMipKH 3 pi3HHMH MapaMu aHOI-
KaToJ HaBeJeHi B Tabiui 1.

BcraHoBneHo, 10 BBE/IEHHS B CTPYKTYPY HamiBIIPpoBiIHUKOBOI mutiBku CdSe okcuny
rpad)eHy CIpUsE MOTIMHAHHIO CBITJA 1 MPU3BOIUTH IO MOJIIIICHHS X XapaKTePUCTHK
Ha 25-30%. Iloka3aHa cyMiCHICTh KaToJla Ha OCHOBI KOMITIO3UTHHX BOJICHb COPOYIOUMX
inTepMeramnigHux cmiabiB LaNiy sMngs + LaNi; sAlg;Mngg 3 cTpyMonpoBinHuMH J0-
6aBkamu, B mapi 3 CdSe ¢oroanomom. BcraHOBICHO, 10 3aBASKH BUCOKAM KiHETHIHIM
XapaKTepUCTHKAM MaTepialliB KaToMiB, iX 3apsai mpu cTpyMax <5 MA / cm” BinGyBaeThcs
mpu moTeHmianax Ha 25-30 MB HeraTtuBHimIe, Hi’K piBHOBOKHUH MOTEHITiall YTBOPEHHS
cmaBy rixpuay. 3HaiaeHo, mo 95-98% ctpyMy, o reHepyeThes i Ai€I0 COHTIHOTO
CBiTJIa HA aHOZAX, BUTPAYAETHCS HA YTBOPEHHS Ta aKyMYJIIOBAHHS BOJHIO KaTOZAMH.

1. Pyceykuit U.A., Cnoboosimox U.A., Konbacos I'A. u op. POTO3NEKTPOXUMHYECKAs CHCTEMA
IUTS TIONIYYeHHsT M aKKYMYJIMPOBAHHUS BOOPO/IA MO]] ISHCTBUEM COJIHEYHOTO cBeTa // Bompockr
XUMHH U XUMU4eckoi TexHoioruu. — 2011, — Ne 4(2). — C. 155-157.
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Ta6muus 1. Xapaxrepuctukn @PEX xomipku
Table 1. Characteristics of the PEC cell

Enextponu Xapakrepuctuku PEX komipku [Motyx-
Bigno doto- I'yctuna Tlorenmiai, HICTB

LICHHS ctpym*, | crpymy, MA/cm’ B cBiTIHa**,

aHoJ |KaToJ San/Sk MA aHos KaToJ aHoy KaToI MBt/cM?
Al 4.20 1.40 4.2 -1.06 -1.03 79.2
A2 K 27 3.70 1.23 3.7 -1.07 -1.04 76.0
A3 3.00 1.00 3.0 -1.08 -1.05 77.2
A4 5.00 1.67 5.0 -1.11 -1.07 75.8

* — MakCHMaJIbHE 3HaYCHHS CTPYMY.
** — IHTEHCHBHICTh COHSYHOTO TIOTOKY, SIKa BiAMOBiga€ MAKCUMAILHOMY 3HAYCHHIO (JOTOTOKA.

2. Danilov M.O., Rusetskii I.A., Slobodyanyuk 1.A., et al. Production of cathode material for oxy-
gen electrodes by anodic oxidization of multiwall carbon nanotubes. // Eur. Chem. Bull. —2016.
—Vol. 5,No 11. - P. 477-482.

3. Williams G., Seger B., Kamat P.V. TiO,-graphene nanocomposites. UV-assisted photocatalytic
reduction of graphene oxide // ACS Nano. — 2008. —Vol. 2, No 7. — P. 1487-1491.

4. Pleskov Yu.V., Gurevich Yu.Ya. Semiconductor Photoelectrochemistry. — New York and Lon-
don: Consultants Bureau, 1986.

5. Kolbasov G.Ya., Rusetskii I.4. Photoelectrochemical processes on nanostructured gallium arse-
nide in contact with electrolyte // Photoelectronics. Inter-universities scientific articles / Odes-
sa L.I. Mechnikov National University Ministry of education and science of Ukraine; Ed. Smy-
ntyna V.A., Kutalova M.I.,, Mak V.T. et al. — Odessa: “Astroprint”, 2008. — No 17. —P. 132—
135.

Gennadiy Kolbasov', Igor Rusetskyi', Ivan Slobodyanyuk’, Larisa Shcherbakovd’,
Michail Danilov', Vitaliy Smilyk’, Yuriy Solonin’

MODIFIED ELECTRODES BASED ON GRAPHENE MATERIALS FOR "SOLAR" HYDROGEN
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Have been formed photoanodes based on the films CdSe and NT-TiO, / CdSe by the electrochemical and
painting methods. It is shown that the introduction of graphene oxide into the structure of the semiconductor
CdSe film leads to an improvement in their characteristics by 25-30%. It is shown compatibility of the cathode
based on composite of hydrogen-sorbing intermetallic alloys LaNissMngs + LaNi;sAlo;Mnos, with current-
conducting additives, in pair with the CdSe photoanode. It was found that 95 - 98% of the current generated
under the influence of sunlight at the anodes is expended on the formation and accumulation of hydrogen by
cathodes.

Key words: CdSe films, photoanodes, graphene oxide and reduced graphene oxide.
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3a0pyqHEeHHsI HAaBKOJHIIHBOTO CEpPEeIOBUINA, IO CYMPOBOMKYETHCS 3MIHOIO CKIIaLy
Oioctepn Ta TeHOPOHIY KUBHX OPraHi3MiB, MPHU3BOAUTH 10 HEOOXITHOCTI yIOCKOHA-
JICHHS €KOJIOT0-aHAIITHIHOTO MOHITOPHUHTY TOKCHYHUX PEUOBHH Y JOBKIJUII, IPOIYKTaX
Xap4dyBaHHS, TPOJOBONBYill cHpoBHHI. Jl0 TaKWX TOKCHKAHTIB Halle)kKaTh CEJEH i1 HOoro
CHOJNYKH, SIKi, MOTPAIUISIOYH B OpPraHi3M, BUKIHKAIOTH JIeTKi a00 cepiio3Hi OTpyeHHS (B
3aJIXKHOCTI Bijl KOHIIGHTpallii). Pa3oM 3 THM, celieH € OHUM 3 )KUTTEBO BaXKIIMBHUX MiK-
POEJIEMEHTIB, 1[0 BUKOHYE POJIb MOTYTHBOT'O aHTHOKCHIAHTY. JledinuToM ceneHy 00y-
MoBJjeHo 01m3bko 20 marosoriid 1 50 3axBoproBasb [1,2]. ['oloBHA 0cOONUBICTD ceeHy
NoJisira€ B iCHYBaHHI BY3bKOT'O Jiala3oHy MK KOPHCHHUM 1 TOKCHYHHUM HOTO BMICTOM,
10 MTPU3BOJUTH 0 HEOOXIAHOCTI PO3POOKH CEHCOPHUX NPHUCTPOIB VIS IIBUIKOTO BH3-
HaueHHsl HOTO KOHIEHTpAIi 3 BUKOPUCTAHHSIM METOJAWK 3 IiJBHIICHOIO YYTJIHUBICTIO i
TouHicTIO. [lM BHMOraMm BimmoBimae MeTox iHBepciifHOI BombTammepomeTpii (IBAM),
OCKIJIBKM Ma€ He3alepeyHi IepeBaru MOpiBHAHO 3 iHIIMMH METOIAMH: BHCOKY UyTIIH-
BiCTB, CEJICKTHBHICTh, IIBUKICT BIATYKY Ha 3MiHY CKJIAAy PEYOBHHM, IO aHAJI3y€EThCH,
3py4HicTh B aBTOMarm3anii. Enexrpoan mis merony IBAM, 3a3Bu4aif, BATOTOBIISIOTH i3
TBEPAWX IHEPTHHX (30JI0Ta, MJIATHHH) YU PiIKuX (PTyTh) MeTaniB abo Byrielrio (mipoti-
THYHUH Tpadit Ta iH.). OAHAK BHCOKA BIpOTiMHICTH MPOTIKAHHS HA IMX €JIEKTPOJax
MOOIYHUX PEaKIlif, 110 CTBOPIOIOTH MEPEIIKOAM I aHATITHYHHX CHTHAJIIB CJIEMECHTIB,
110 BU3HAYAIOTHCS, Ta TOKCUYHICTh TapiB PTYTi, BAMaralTh NOIIYKY HOBHX MarepialiB
s metony IBAM.

Kpim Bu3HaueHHS! KOHIGHTpallii cesieHy, B 0aratboX BUIagKax € HeOOXiMHICTh OJHO-
YaCHOT'O BU3HAYEHHS KOHIEHTpALl KHCHIO B PiJiHAaX (30KpeMa, B 010JIOTIYHHX piInMHAX),
SKM{ Biflirpa€e BaXKJIMBY POJIb B OKHCHIOBAIBHO-BITHOBHHUX IPOIECaX 1 MOXKE CIYXKHUTH
IHANKATOpPOM CTaHy OiOJIOTiYHMX OO0’€KTIB Ta >KMBHX opraHi3miB. Tomy po3poOka
MYJIBTHCEHCOPIB AJIsl €KCIPECHOTO aHAITI3Y CEJEHY 1 KHCHIO € aKTyaJIbHOIO.

VY naniii poOOTi MPEACTaBICHO PE3YNbTAaTH BHBUCHHS MOXKIUBOCTI BUKOPUCTAHHS
Mou(iKOBaHUX HaHOYacTHHKaMH 30i10Ta Ti0,/ZnO emexkTpomiB I CHiIBHOTO BHU3HA-
yeHHs kucHIo 1 Se (IV) B 6iomoriuyanx piguHax. s 16010 OyII0 BUKOPHCTAaHO iHBEPCii-
HUH eJeKTPOXIMIYHUI METOJI, CYTHICTb SIKOTO MOJsraja B MONEPEaHii eleKTPOKOHIICH-
Tpauii CeleHIT-IOHIB Ha MOBEPXHI €JIEKTPOJY B KaTOMIHIM 001acTi MOTEHLIalliB 3 OJHO-
YacHUM BHMIPOM Y I1iii 00JacTi KOHIEHTpaLii pO3YMHEHOTO KUCHIO (LI MPOLECH PO3Ii-
JIeHI 3a TOTEHLIaJIOM), 1 MOJaJbIIOMY EJIEKTPOPO3YMHEHHI CelieHy 3 IOBEpXHI elleK-
Tpoxy B aHOAHINA oOmacTi. SIk IHAMKATOPHUI €JIeKTpox Oylr BUKOPHCTaHI EJIEKTPOIHI



292 VIII Ykpaincokuii 3’130 3 enekmpoximii

Marepialyd Ha OCHOBI IOPUCTUX IUTIBOK JIOKCHIY THTaHy, MOAM(IKOBAHOTO OKCHIIOM
[HKY T4 HAHOYaCTHHKAMH 30JI0Ta, OJEpiKaHi, K onucaHo y pobori [3].

BcTaHoBNCHO, 10 OJepiKaHi IUTIBKU IPOSBISUI BUCOKY KaTaliTHYHY AKTHBHICTH y
NpOLEC] eIEKTPOBITHOBICHHS KUCHIO 1 MOXXYTh OyTH BUKOPHCTaHI A BU3HAUCHHS HOTO
KOHIICHTpAIii y pianHaX. 3aleXHICTh CTPYMY €JIEeKTPOBITHOBJICHHS KICHIO Bl KOHIICH-
Tpamii kucHI0 Oyna NiHiifHO. MakcuManbHa YyTIHBICTh X €JEKTPOMAIB O PO3UHHE-
HOTO KHCHIO Mana 3HauenHs (6-9)-10° mons/n. TouHicTh BUMIpIOBAHHS KOHIEHTpALi
0, — 5-8%, mBuakomis — 5-7 c.

Jocnimkeno enextpoximiyai BractuBocTi TiO,—ZnO-Au enexTpoiiB NpH BH3HA-
YCHHI CEJICHY METOJIOM aHOMHOI iHBepciiiHoi BompTammepometpii (AIB). TTokasano, 1o
BUKOPHCTaHHS SIK (DOHOBOTO EJIEKTPOJITY XJIOPHOT KHCIIOTH, 8 TAKOXK JI0JJaTKOBE BBE/ICH-
HS 10 (DOHOBOTO €JIEKTPOJIITY HE3HAYHOI KiTBbKOCTI XJopuaiB (Ha piBHi 1 MM), mokpa-
IIy€ BiATBOPIOBaHICTh aHANITHYHOTO curHany Se (IV), mixBuinyroun 4y TIUBICT Ta cTa-
OUTBHICTD €NEKTPOIB MPH BU3HAUYCHHI celeHy MeronoMm AIB. BusHaueHo omTmMaibHi
YMOBH [UT BUMIpIOBaHHA BMicTy ceneHy Ha TiO,—ZnO-Au emektpomax (ckimam ¢oHO-
BOT'O €JIEKTPOJITY, YMOBH €JIEKTPOKOHLEHTPYBaHH:). BcTaHOBIICHO, N0 MaKCUMAJIBHUH
CTPYM €JeKTPOOKHCHEeHHs ceneHy Ha TiO,—ZnO-Au emekTpomax crocTepiraBcsi y
¢onoBomy pozumai 0,001M H,SO, micns moneperHpOro eneKTpOKOHIIEHTPYBAHHS Se’
npu moreHmiam enekrponizy E.= —1,4 B, wac enekrpokoHueHtpyBaHHs t.=120 c.
3aneKHICTh CTPYMY CJIEKTPOOKHUCHEHHS CEJCHY BiJ KOHIICHTpalii ceileHy Oyia
niHiliHOO (puc. 1).

40 I, mxA.cm”
30

20

0 1 1 1 1 1 1 1 1
0 005 01 015 02 025 03 035 04

-1
Cge, ML

Puc. 1. 'panyroBanpHa XapakTepUCTHKA U BU3HAUSHHS KOHIICHTpALil CeJICHy B piINHAX.
Bumipn  nposonuiu y pozunni 0,001M H,SO, : 0,001 M KCl
Fig.1. Calibration characteristic for determination of selenium concentration in liquids. The
measurements were carried out in solution of 0.001 M H,SO,: 0.001 M KCI

[Tpn npomy mporecy, mo npotikaroTe Ha Ti0,—ZnO—-Au enexTpojax ONUCYIOTHCS
piBasHESIMHE (1-3):
* B KaTOJHIN o0nacTi:
— eJICKTPOBITHOBJICHHS KUCHIO 0O, +H,0 +2e =20H; (1)
— BITHOBJICHHS CENICHIT-10HIB MPH EJIEKTPOKOHIICHTPYBaHHI
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H,SeO; +4H' +4e¢ — Se’ + 3H,0; )
* B aHOHIN 00J1acTi:
— eJeKTpOoOKHCHEHHs Se’, 10 yTBOPUBCS IPH €IeKTPOKOHIEHTPYBAHHi
Se’+ 3H,0 —4e — H,SeO; +4H" 3)
BusnaveHi ekcruryaTaniifHi XapaKTePHCTUKU €IIEKTPOMIB IIPH CIIJIFHOMY BH3HAYCHHI
KHCHIO Ta CelleHy B piakmx cepemoBumax (pH=3-+4): moreHmian HamiBXBWI BiJIHOB-
nenns O, Ey,=-0,25 B, auHamiuHuil Aiara3oH BU3HAYCHHS KHCHIO (IITMPHHA €JIEKTPO-
XimiurOro Bikuan) AE=400 MB, noTenmian enextpookucuenns ceneny (Se”) Eg.= +0,8 B;
ayTIMBicTh 10 KuCcHIO (6-9)-10® M, uyTiuBicts 10 ceneny Ha pisai 7-10° M.
TakuM 4MHOM, eneKTpoAHi MaTepiaiu Ha ocHOBI Ti0,-ZnO—Au nepcrneKkTUBHI JUis
BUKOPHCTAHHS K IHIUKATOPHOTO ENIEKTPOJY E€JIEKTPOXIMIYHOIO MYJIBTHUCEHCOpa JUIs
CIUILHOTO BU3HAYECHHS KOHIIEHTpaLlii CeJIeHY Ta KUCHIO Y PIAKHX CEpeIOBHIIAX.

1. Hazapenxo U.U., Epmakxos A.H. AHamuThdeckas XUMUs celeHa U Teiulypa. — M.: Hayxka,
1971. - 252 c.

2. Tymenvsin B.A., Knviicee B.A., Xomumuenxo C.A. u Op. CeneH B OpraHu3Me 4ejOBeKa: MeTa-
6011M3M, aHTHOKCHIAHTHBIC CBOMCTBA, PoJib B KaHIeporenese. — M.: U3za-so PAMH, 2002. —
224 c.

3. Smirnova N., Vorobets V., Linnik O. et al. Photoelectrochemical and photocatalytical pro-
perties of mesoporous TIO, films modified with silver and gold nanoparticles // Surf. Interface
Anal. —2010. — P. 1205-1208.

Gennadii Kolbasov', Vera Vorobets', Svetlana Oblovatna’, Sergii Karpenkoz,
Natalia Smirnovaz, Oksana Linnik’

ELECTRODE MATERIALS FOR THE ELECTROCHEMICAL MULTISENSOR OF SELENIUM
AND OXYGEN

'y I.Vernadskii Institute of General and Inorganic Chemistry, National Academy of Sciences of Ukraine,
32/34 Acad. Palladin Ave., 03680 Kyiv, Ukraine, e-mail: kolbasov@ionc.kiev.ua
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The possibility of using TiO,/ZnO-electrodes modified by gold nanoparticles to determine Se (IV) and
oxygen by anodic stripping voltammetry method was investigated. Optimum conditions for determination of
selenium (IV) are: background solution 0,001M H,SO,, electroconcentrating potential —(1,3+1,5) V; time of
electrolysis 120 s, scanning speed of potential 20 mV-s™'. The operational characteristics of electrodes for the
joint determination of oxygen and selenium in liquids (pH = 3+4) are determined: the potential of O, half-wave
reduction E;, = - (0.42-0.48) V; the dynamic range of oxygen determination ("width of the electrochemical
window") E = 100-160 mV; the potential of selenium electrooxidation (Se”) Es. = + (0.60+0.68) V; sensitivity
to oxygen (6-9)-10" mol-I"', sensitivity to selenium 7-10°° mol-I"".

Key words: selenium, oxygen, anodic stripping voltammetry, TiO,/ZnO-electrodes, gold nanoparticles.
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Low-temperature conversion of waste heat into electricity is a modern trend, helping
to reduce gas emissions into the atmosphere and increasing energy efficiency of various
industrial activities. The basis of such converters are thermoelectric cells. The work of
such cells is based on the balance of ionic conductivity and electrode redox reactions
during temperature changes [1]. There are some ways to increase the efficiency of such
devices. One of them is to compress the diffusion zone using complex electrolytes with
high redox activity and ability to form complex compounds with elements of an
electrode composition. On the other hand, electrodes based on FeO, Fe,O; and Fe;0,
mixtures could be used as an anode and a cathode in thermoelectric generators [2]. In
this case the electrolyte composition can take a main role in the changing of thermo and
electrochemical properties of whole system [4].

The aim of current work was the indication of the dependence of thermoelectric
activity of the Fe-Fe;0,4-C electrode composition on redox properties of electrolyte.

The following electrolytes were used for the determination of the electrolyte
composition effect on the thermoelectric power (Table 1).

The tests were carried out in disk samples with 2016 geometry. Samples contented
two symmetrical electrodes based on Fe-Fe;0,4-C composition. The cathodic mass and
the separator were pre-soaked with the electrolyte before packaging.

The temperature was measured using a TROTEC Tp7 pyrometer with a measuring
range: —50°C to +1000°C. The open circuit voltage (OPC) of the elements was determi-
ned by a high-volt voltmeter. The electrochemical impedance spectra (EIS) were taken
in a sealed two-electrode cell with 1 ecm” Fe-Fe;0,~C electrodes spaced by 0,16 ¢cm
using an Autolab 30 electrochemical modular block (PGSTAT302N Metrohm Autolab)
equipped with FRA assembly unit within the range from 10~ to 10° Hz. The modular
block was controlled by Autolab 4.9 software according to the standard procedure with
postprocessing in Zview 2.0. The electromechanical temperature thermostat was used to
ensure the temperature measurement conditions with an accuracy of + 1°C.

Table 1. An electrolyte composition of samples

Ta6muust 1. EnexrposniTHuii ckiaz 3pa3kiB

No Electrolyte Concentration, Volume content of | Volume content
- M NaOH, % of salt, %

1 NaOH + H,O 5 100 -

2 K; [Fe (CN) 4]+ H,O 0,25 - 100

3 K4 [Fe (CN) 4]+ H,O 0,25 - 100

4 NaOH + K; [Fe (CN) ¢] 5:0,25 50 50

5 NaOH + K, [Fe (CN) 4] 5:0,25 50 50
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Fig. 1. Changing of samples OCP during heating Fig. 2. EIS of samples
Puc. 1. 3miHa noTeHLiany po3iMKHYTOTO KOJIa Puc. 2. Cnextpu eeKTpoXiMiuHOTO
3pa3KiB MiJ 9ac HarpiBaHHS iMIenancy 3pasKiB

The measurements of OPC has valued charging ability of samples during thermal
impact. Obtained results established that monotonous increasing of OPC was observed in
samples Ne 4 and Ne 5 (Table 1, Fig. 1). But OCP increasing started with temperature
more than 45 °C in sample Ne 4, when sample Ne 5 started its charging since 20°C. In
this case electrolyte compositions besides NaOH, contained complex salts K;[Fe(CN)g]
and K4[Fe(CN)g]. Such difference of electrochemical behavior may be connected with
redox properties of complex salts. It is well known that K;[Fe(CN)g] is very strong
oxidizer in alkaline media and iron oxides have disposition to formation of hydroxides
and hydroxo phases in presence of alkali. So, probability of Fe(OH), and Fe(OH); parti-
cipation in chemical reaction is high. Taking to account realization of hydroxo phases
hydrolysis, we can propose such outline of the reactions in samples (Table 2).

In the reaction (3) Fe*" ion oxidized to Fe’* with formation insoluble complex salt.
More over, Fe(OH), has a weak amphoteric properties and can react with concentrated
alkali in inert atmosphere under heating (eq. 4). Nay[Fe(OH),] is well dissolved in water.
Another salt K4[Fe(CN)g] is reductant (eq. 5). So iron(II) complexes are combined into a
mixture of reducing agents and Fe(OH), can reducing to Fe® and Fe(OH); reducing to
Fe(OH), (eq. 6, 7). Thermal coefficient of reaction (6) is (dE”/dT)em=0,189 mV/K
(exothermic reaction). Also it can implement the redox reaction with Fe(OH); (eq.7).
Thermal coefficient of this reaction is —0,089 mV/K. Also In this system may be realize
endothermic reaction (eq. 8) with (dE*/dT)pem= +0,052 mV/K. The sum of all thermal
coefficients £= -0, 226 mV/K. Thus, in temperature range 30°C it is possible increasing
OCP only to 6,78 mV.

During experiment OCP raised much more (to 500 mV). The EIS study of samples
(Fig. 2) have established differences in their electrochemical behavior [4]. The presence
of alkali leads to the polarization of the electrodes. The absence of alkali increases the
diffusion. The presence of oxidizer decreases the polarization of the electrodes. And only
presence of reducing agent in alkali media increases differential capacity and OCP. In
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Table 2. Discretional reactions of studied systems
Ta6uuuns 2. JluckpetHi peakmii JOCIiIKyBaHUX CUCTEM

Ne Reaction equations Ne Reaction equations

1 | Fe¥' + H,0 = FeOH+ + H+ 5 Fe(CN)s* — Fe(CN)s™> + e

2 | Fe¥" +2 H,0= Fe(OH)y(aq) + 2 H+ 6 | Fe(OH), +2e—Fe™+20H"

3 | 4Fe” + 3[Fe(CN)g] = Fey[Fe(CN)ol3 7 Fe(OH); + e—~Fe(OH), + OH
4 | Fe(OH), + 2NaOH = Na,[Fe(OH),] 8 Fe’' + 2e—Fe’

this case the change of the mass transfer process due to onset of the thermal-convection
current may occur. Such effect is result of forming boundary layers with various
viscosity of insoluble, small soluble and soluble components of electrolytes. This layers
lay in base of the formation of wide thermal boundary layers, which generate an
additional thermo-driving force.

1. Rowe D.M. CRC Handbook of Thermoelectrics Surface / Boca Raton: FL CRC Press, 1995. —
P. 19-25

2. Snyder G. J., Toberer E. S. Complex thermoelectric materials // Nature Materials. — 2008.—
Vol. 7. - P. 105-114.

3. MuaY., Quickenden T. I. Power Conversion Efficiency, Electrode Separation, and Overpoten-
tial in the Ferricyanide/Ferrocyanide Thermogalvanic Cell // J. Electrochem. Soc. — 1996. —
Vol. 143, Is. 8. — P. 2558-2564.

4. Garcua-Canadas J., Min G. Impedance spectroscopy models for the complete characterization
of thermoelectric materials// J. Appl. Phys. —2014. —Is. 116. — P. 174510-1-174510-7.
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BIIVIMB PEJOKC AKTUBHOCTI EJIEKTPOJITY HA TEPMOEJIEKTPUYHI BJJACTHBOCTI
EJEKTPOXIMIYHOI CHCTEMM Fe-Fe;0,-C

Miswcsioomue 6i00inenns enekmpoximiunoi enepeemuxu HAH Yxpainu,
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EKCrieprMEeHTAIbHO BCTAHOBJICHO BIUIMB PEIOKC aKTHBHOCTI €JICKTPOJITY HAa TEPMOCIEKTPHYHI BIACTH-
BOCTI €JIEKTPOIHOT KOMITO3HMIIiT, 10 CKIAJA€ThCs 13 cyMili 3aiiza, Horo okcuiiB ta rpadiry. ITokasaHo, 110
HAsIBHICTB JIYTiB OPH3BOJMTH A0 MOJSpU3aLil enekTponiB. BincyTHicTs myry 36imburye audysio. HasBHicTs
OKHMCHIOBa4a 3MEHIIIY€ TOJIIPU3ALIII0 EIEKTPO/IB. | JnIle HasBHICTh BiJHOBIIIOIOYOTO areHTa B JIy)KHOMY cepe-
JIOBHILI IiABUIYE AU(EpeHIliaIbHy €EMHICTD Ta HAIPYTy PO3IMKHEHOTO JIAHIIOra. Y IIbOMY BUITAJIKy MOJKIIHBA
3MiHa TIPOLECIB MAaCONEPEHECEHHs Yepe3 MOsIBY TEIUIOBOITO KOHBEKTHBHOTO CTpyMy. Takuil edekrt € pe3ynb-
TaTOM YTBOPEHHS I'DaHMYHHMX IIApiB 3 PI3HOI B'A3KICTIO HEPO3UMHHHX, CIA0KO PO3YMHHUX 1 PO3YHMHHHX
KOMIIOHEHTIB eneKTpoiitiB. I{i mapu ¢GpopMyIOTh MUPOKI TepMOTpaHUYHI IIapH, SKi TeHEPYIOTh JOAATKOBY
TEPMOPYLIIHHY CHITY.

Knouosi cnosa: XiMiuHi mkeperna CTpyMy, TepMOTaIbBaHIuHI eIEMEHTH, eIeKTPOIIITH
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3 METOI0 CYTTEBOTO 37CIICBICHHS JNiTil-10HHNX akymymaTopiB (JIIA) ta 36inbmieHHs
iXHBOI MUTOMOI €Heprii MPOMOHYETHCS CHPOCTUTH KOHCTPYKLito JIIA muisxom 3amiHH
aHOJy Ha OCHOBI rpadiTy IEUmIeBOI0 Ta BHCOKOCHEPTOEMHOIO ATIOMIiHIEBOIO (POIBIOI0
(puc. 1). Crpareris, mo 6a3yeTbcsl Ha el BUTOTOBJICHHS HETATUBHOTO eNeKTpoxy 3 Al-
(oNBTH, BUKIIIOYAE BUKOPUCTAHHS MIZHOTO CTPYMOBIZBOAY, a TaKOX 3B’S3yIOUHX Ta
CJICKTPOIPOBIAHUX JoMimok [1, 2]; me cyTrreBO 30iblllye HOr0 MHUTOMY €MHICTh

(puc. 2).
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Puc. 1. Koncrpykuis cygacHoro JITA
JIaMIHATHOTO THITy Ta CXeMa i1 CIIPOICHHS

Fig. 1. Construction of state-of-the-art lithium-
ion pouch cell and a plan of its simplification

Jlnst Toro, abu KiHETHKA JITIFOBAaHHS—ICiTIFOBaHHS enekTpoaiB JIIA Oyna mBHIKORO,
pinkuit opraniunuii enexrpornit (POE) moBuHeH MaTé BHCOKY IIHTOMY €JICKTPOIPOBIJI-
HicTh. Ille OuTbII BakMBOIO € cpoMoxHicTh komnoHeHTiB POE no ¢opmyBanns cra-
OimpHOTO MacwByOYOro mapy (i3omrorodoro momi¢yHkmioHamsHOTOo mmrapy — IITII) Ha
MeXi TTOAUTYy HETaTUBHOTO EJIEKTPOIY 3 eIeKTpoiiToM. OCKITBKY [UIS eJIeKTpoaa 3 ajo-
MIHIIO XapaKTepHi CYTT€EBI 3MiHM 00’ €My NPH NUKJIIIOBaHHI, He0OXigHa Oe3nepepBHa ma-
CHBAIlisl HOTO MOBEPXHi 3 OLTBII BUCOKUMH BHMOTAaMH JI0 €IEKTPOIIITY, HIK MIPHU BUKO-
pucranHi rpadiry. Bubip ckiany ¢yHkmioHamsHOTro enekrponita [1, 3] € ehekTuBHUM
JUTSL TOCSITHEHHS BUCOKHUX CIICKTPOXIMIYHHX mapaMeTpiB Al-enektpony (puc. 3).
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Puc. 2. Tunosi 3apsa—po3psaHi KpUBi
Al-enextpony
Fig. 2. Typical charge—discharge curves
of an Al electrode
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Puc. 3. 3anexxHoCTi MUTOMIX 00OPOTHUX EMHOCTEH (@) Ta KyJTOHIBCHKUX edeKkTuBHOCTEH (6) Al-
EIIEKTPOTy (3 HABAHTAKEHOIO EMHICTIO 5,6 MA -To1/cM?) Bifl HOMEpa [IHKITY
Fig. 3. Dependences of specific reversible capacities (¢) and Coulombic efficiencies (b) of an Al
electrode (its loading capacity equals 5.6 mA-h/cm?) on cycle number

JlogaBaHHS 10 CTaHAAPTHOI'O EJIEKTPOJITY HEBEJIMKOI KUIBKOCTI BiHIJIEHKapOOHATy
(VC) cnpusie kpauioMy yTpUMaHHIO 00OpOTHOI €MHOCTI Al-eJeKkTpoay, a JOoAaTKoBe
BBE/ICHHS eTHJIeH- abo npomnineHcynbdity (ES, PS) me 6inbiie miaBuiiye foro enexrpo-
xiMivHi Xxapakrepuctuku [1]. Cuneprernunuii epext kombinauii VC ta ES OyB nomi-
YEeHUH TakoX iHmMMMH Jnocminaukamu [4]. [Ipn noBHOMY 3aMillleHHI eTHIeHKapOoHATy
(EC) ¢roperunenxapdonatom (FEC) Ta Bukopucranni nux gomimok, ITI11 Ha noBepxHi
CITABOYTBOPIOIOYOTO €JICKTPOY CKIAIAETHCS 3 TOHKHX, IMUIBHAX Ta SIACTHYHUX IIapiB
NEePEeBAXHO HEOPTaHIYHOTO W OPraHOMONIMEPHOrO CKIaay, NMPUYOMY KOXKHHH 3 HHX
(bopMyeThCs Ha pi3HUX CTamisx 3apsny [1, 5].

JlomaTkoBe MOKpaIIeHHs eJIeKTPOXIMIYHUX MapamMeTpiB Al-eJIeKTpoay IOoCSATaeThCs
JIeTyBaHHAM HOTO MOBEPXHI.

Bukopucranns Al-ponbru 0JJHOUACHO SIK HETATUBHOTO EJIEKTPOAY, CTPYMOBIIBOIY
MO3UTHBHOTO €JIEKTPO/Y Ta KOHCTPYKLIHHOTO Marepiay J03BOJISIE CYTTEBO 3ACUICBUTH
Ta CIOPOCTUTH BUTOTOBJICHHS JIIA, a TakoX 30UIBIIMTH iXHIO THTOMY EHEPril0 0
~275 BT ron/Kr, HaBiTH NPU BUCOKIH MUTOMIH MOTYy>KHOCTI (puc. 4). Ciin miaKpecauTy,
110 TaKi aKyMyJIITOpPU 0COOIMBO e(peKTHBHI MPH X BUKOPUCTAHHI y aBiallifHUX JpOHaXx.

1. Kuksenko S. P. Aluminum Foil as Anode Material of Lithium—Ion Batteries: Effect of Electro-
lyte Compositions on Cycling Parameters // Russ. J. Electrochem. — 2013. — Vol. 49, No. 1. —
P. 67-75.
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Puc. 4. ®otorpadis 3paszka JIIA naminarnoro tumy cucremu Al/LiFePO, (a) Ta 3anexHoCTI
HOro MUTOMUX OOOPOTHUX EMHOCTEH BiZl HOMEpa LUKy (6)

Fig. 4. A photograph of Al/LiFePO, pouch cell (¢) and dependences of its specific reversible
capacities on cycle number (b)

2. Ji B., Zhang F., Sheng M., et al. A Novel and Generalized Lithium-Ion-Battery Configuration
utilizing Al Foil as Both Anode and Current Collector for Enhanced Energy Density // Adv.
Mater. —2017. — Vol. 29, Is. 7. — P. 1604219 (1-7).
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nate (VC) as Electrolyte Additives in Li(Ni;;3sMn;;3Co1/3)O,/Graphite Pouch Cells // J. Electro-
chem. Soc. —2014. - Vol. 161, No 6. — P. A1149-A1157.

5. Kuksenko S. P. Silicon-Containing Anodes with High Capacity Loading for Lithium—Ion
Batteries // Russ. J. Electrochem. — 2014. — Vol. 50, No 6. — P. 537-547.

Sergii Kuksenko, Yuriy Tarasenko

ALUMINUM FOIL AS MULTIFUNCTIONAL MATERIAL FOR HIGH ENERGY LITHIUM-ION
BATTERIES WITH LOW COST OF MANUFACTURING

Chuiko Institute of Surface Chemistry NAS of Ukraine, Laboratory for Electrochemistry of Nanomaterials,
Generala Naumova Str., 17, 03164 Kyiv, Ukraine, e-mail: sergii.kuksenko@nas.gov.ua

It is proposed to produce lithium-ion batteries with an Al foil anode instead of graphite layer on the Cu
foil. Al/LiFePOy pouch cell with FEC based electrolyte and combination of VC and ES additives has reached
275 Wh/kg in the CC mode: 2C; 4.0-2.5 V.

Key words: electrochemistry, lithium-ion batteries, aluminum anode, liquid organic electrolytes.
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BI®YHKIIOHAJIBHI Co-N-C EJIEKTPOKATAJII3ATOPH, IO OJEPKAHI
3 BUKOPUCTAHHAM CHPAKEHHUX ITOJIMEPIB, 1JIA ITPOLNECIB
BITHOBJIEHHSI KUCHIO TA BUAIJIEHHSI BOJJHIO

Inemumym ¢hizuunoi ximii imeni JI.B.ITucapoicescvroco HAH Yipainu,
npocn. Hayxu, 31, 03028 Kuis, Yxpaina, e-mail: kurys@inphyschem-nas.kyiv.ua

Peaxmis BigHOBneHHs kucHio (PBK) ta peakuis Buminenas Bogaio (PBB) e Baxk-
JUBUMH €JIEKTPOXIMIYHUMH IIPOIECaMH, IIEPIINil 3 SKHUX pealizyeThcs, 30KpeMa, y Ia-
JMBHUX KOMIpKaxX Ta METal-MOBITPSHUX JUKEPETax CTpyMy, a APYTUil — N03BONIIE OJEp-
’KyBaTu BOJICHb BUCOKOI YHCTOTH 3 BiJIHOBIIOBAJIbHOI CHPOBHHH B €KOJIOT'IYHO CYMICHUX
yMOBax. 3arajibHUM HEJ0JIKOM JaHUX MPOLECIB € HEOOXiJHICTh BUKOPUCTAHHS B HHX,
3a3BHUYal, IUIATHHOBHX €JIEKTPOKaTanizaTopiB. Lle CyTTEBUM YHHOM CTPHUMYE EJIEKTPOJIi-
THUYHE BUPOOHUITBO BOJHIO T2 MacoOBE 3aCTOCYBaHHS HU3bKOTEMIIEPATYPHUX MAIUBHHUX
komipok. Came TOMy TIOIIYK HOBHX €()EKTHBHUX HEIUIATHHOBUX EJIEKTPOKATalli3aTopiB
PBK ta PBB € akryanbHOIO Tpo0JieMOI0, BUPIIICHHS SKOI O€3CyMHIBHO NpU3BEAE 10
3HAYHOTO NPOPUBY Y BOJHEBii €HEPreTHILL.

Buxopucranas ofepkaHUX BHCOKOTeMIleparypHoo o0podkoro Me-N-C (Me = Co
ta/abo Fe) emexrpoxaramizatopiB y PBK e 3arampHOBimommM [1] i Taki cucreMu BBa-
KAIOTBCS TEPCIIEKTUBHOIO aJbTEPHATUBOIO TPANWIIIHUM ejleKkTpokaramizaropam PBK
Ha ocHOBI Pt. B octranHi pokn Co-N-C HaHOCTPYKTYpH IOYaIH pO3TIIIATHCA 1 sIK Oara-
TOOOIIsFOUi enekTpokaramizaropu PBB, fKki 103BONSAIOTE CYTTEBO 3HU3UTH IIEPEHAIPYTY
BUIICHHS BOJHIO B KUCIHUX 1 JYKHHX ejekTpoiitax [2, 3]. Xoua BBaKaeThes, M0 Y
PBB Ha Takux ejekTpokaraigizaTopax 3aaisHi omHi i Ti xk cami aktuBHI C/CoNy 1ieHTpH,
mo # y PBK [3], Ha Hamr noruisag He € oueBUAHUM, 1110 0O Co-N-C HaHOKOMITO3UT
MOX€ HPOSIBISTH BUCOKY aKTHUBHICTh y JIBOX 3a3HaYEHUX IPOLECAX OJHOUACHO.

B naniii poOoTi HaMu pO3MISIHYTO BIUIMB Ha €JIEKTPOKATANITUYHY aKTHBHICTBH
Co-N-C xomnosutiB y PBK ta PBB Tumy asorsmicHoro cnpspbkenoro mnoisimepy (N-CIT)
Ta HAaHOPO3MIPHOTO BYTJIEIIEBOTO MaTepiany, BUKOPHCTaHUX SIK JDKEpesa a3oTy Ta BYT-
JIETIFO, BIAIOBIIHO, TpH (hOpMYBaHHI 3a3HAUYCHIX KaTaJli3aTOPIB.

Co-N-C xommosutu ozxepkyBanu kapoonizariero (800°C, Ar) N-CII (momi-5-amino-
ignomy — [1AIH, momi-m-deninengiaminy — [IM® A, noniinnomy — I1IH, momi-2,6-1iami-
nomipunuay — IIJIAII Ta iH.) pazom 3 Co(NOs3), Ta HAHOPO3IMIPHUMH BYTJICHIEBUMH Ma-
TepiaiaMu (AlIETHJICHOBOIO Ca)Kero, 0araTomapoBUMH BYTJICLEBUMU HAHOTPYOKaMH, OK-
cunoMm rpadeny — OI' ta Garatorraposum rpadenom — BIIT [4]). Ckiuax ta OymoBa
oJlep)KaHMX HAHOKOMIIO3UTIB OyJia BCTAHOBJIEHA 3a JIOMIOMOIOI KOMILIEKCY (hi3nKo-
XIMIYHHUX METOJIB JJOCIHIPKSHHSI.

B pe3ynbTati mpoBeacHUX AOCIHIPKEHB 13 3aCTOCYBAHHIM METOJIIB IUKIIYHOT BOJBT-
amIiepoMeTpii Ta JiHIHOI BOJIBTaMIIEPOMETPIi 3 JIIHIHOIO PO3TOPTKOO MOTEHIIATy Ha-
MU BUSBJICHO 3/IaTHICTB JI0 MPOsBY akTHBHOCTI K Y PBK, Tak i y PBB ycim onepxannm
Hamu Co-N-C nanoxkomito3utaM. Biiblie TOro, sIKIO BIAIIOBIAHUNA KOMIIO3UT, K €J€K-
Tpokaramizatop PBK, xapakrepusyeTbcst BACOKMM 3HaUYCHHSAM MOTEHIIiaTy MOYaTKy Bif-
HOBIICHHS KUCHIO (Eqpse), TO, K TPABWIO, BiH € i e()eKTUBHUM Y TIPOLECi BUAIICHHS
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BOJIHIO, 3a0e3Meuylour HU3bKY NepeHanpyry (1) Ta/abo BennuuHy TadeniBChbKOro Ha-
xwmwry (b) (tabm. 1). daruit pakt miaTBepKyEe BUCYHYTI B poOOTi [3] MpHUITYIICHHS, IO
HAa eJIEKTpOoKaTalli3aTopax JaHOTO THITy B 000X PO3TILIHYTHX IpoIlecax 3alisHi ogHi i Ti
K caMi aKTHUBHI LIEHTPH.

JHocratapo Bucoky aktuBHICTH 1 Y PBK, i y PBB, 30kpema, BcTaHOBIEHO y BOIHIH
H,SO4 mns xap6onizoBanoro Co-N-C Hanokommo3utTy Ha ocHOBI IIM®JIA Ta ameru-
nenoBoi caxi (Co-Npuena-C). Sk enexrpokaranizatop PBK Co-Npmepa-C Mae no-
CTaTHBbO BHUCOKE 3HAYCHHS Egnseq ~810 MB, BimH. RHE (puc. la, tabn. 1), a sk enek-
Tpokatanizarop PBB — xapakrepusyerses 1| ~184 MB mpu 5 MA/cm’ ta b ~138 MB Ha
nopsiiok (puc. 1, 6, Tabn. 1). B Tol e yac, JaHa 3aKOHOMIPHICTH Mae ¥ BuHsATKU. Ha-
npukinag, Co-N-C nanokomnosut Ha ocHOBI [1IH (Co-Ny,-C) Mae kpaity akTHBHICTD Y
PBK, nix y PBB, a ananor nHa ocHoBi II/IAIl (Co-Npjan-C) HaBnaku — y PBB, mopis-
HsHO 3 PBK (Tabm. 1). 3’scyBaHHs NpUYMHN TaKUX BIMIHHOCTEH MOTpeOye MPOBEICHHS
JIOZIATKOBHX JOCIiIKCHB.

Ta6auns 1. Xapakrepuctuku aeskux 3 ogepkaHux Co-N-C KOMIO3UTIB K
enexrpokarainizaropis PBK ra PBB
Table 1. Characteristics of some of the obtained Co-N-C composites as electrocatalysts of
oxygen reduction reaction and hydrogen evolution reaction

Kommozut PBK PBB
E, 50, MB (Bign. RHE) b, MB/mopsnok n, MB (ipu 5 MA/CMZ)

Co-Npp,-C 810 164 226
Co-Nomaga-C 810 138 184
Co-Npnan-C 795 97 219
CO-NHMQHA-OF 800 118 308
Co-Npap-blLIT 790 94 233
Co-Npa-OI' 780 69 >300

Hamy Takox BCTaHOBJEHO CYTTEBHH BIUIMB Ha (DYyHKLIOHAIBHI XapaKTEPUCTHKU
Co-N-C karamnizatopiB y PBK ta PBB Tuny noximepy Ta ByrjeneBoro marepiany, siki
Oynu BUKOpHCTaHi NpH GOPMYBaHHI TAaKUX KOMIO3UTIB. Hamnpukian, HAHOKOMIIO3UT Ha
ocHoBi [TAIx Ta BIIT" (Co-Npa1s-Cpur) Mae 6inpmry aktuBHICTh Yy PBK Ta Xapakrepms-
YEThCSI MEHIIOI0 TepeHanpyroio y PBB, mopisusHO 3 anamorom Ha ocHoBi OI' (Co-
Nnaw-Cor) (tabm. 1). [MoniOauii edekt mae Micre i y BUNAaIKy 3aMiHU aIleTHICHOBOI
caxi Ha OI' npu popmyBanni HaHokoMMo3uTy Ha ocHOBI IIMD A (Co-Npmana-Cor)
(tabm. 1). B Toii ke "ac BapTO BiI3HAYHTH, IO 332 BEIHMYUHOIO Ta(eNiBCHKOTO HAXHITY
Co-Npam-Cor 12 Co-Nivana-Cor PBB nepepuinyoTs aHanoriysi eeKTpokaTaiisaTtopu,
1o oxepxani i3 3actocyBannsaM BII Ta anerunenoBoi caxi, BixnosiaHo (Tabdm. 1).

1. Wu G., Zelenay P. Nanostructured nonprecious metal catalysts for oxygen reduction reaction //
Acc. Chem. Res. —2013. — Vol. 46, Is. 8. — P. 1878-1889.

2. Liu K., Zhong H., Meng F. et al. Recent advances in metal-nitrogen—carbon catalysts for
electrochemical water splitting // Mater. Chem. Front. — 2017. — Vol. 1. — P. 2155-2173.

3. Zhang L., Liu W., Dou Y. et al. The Role of Transition Metal and Nitrogen in Metal-N-C
Composites for Hydrogen Evolution Reaction at Universal pHs // J. Phys. Chem. C. — 2016. —
Vol. 120, Is. 51. — P. 29047-29053.
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Puc. 1. LlukniuHi BoIbTaMIIEporpaMy, 0 OIepKaHi y AeaepoBaHiil Ta HACHUYCHIN KHCHEM
0,05 M H,S80, nna GC-enexrpony, moaudikoBanux Co-Npyaea-C (@); nonspusaniiina kpusa
BHIIJICHHS BOJHIO, 110 ofepkana y 0,5 M H,SO, mnst GC-enextpoy, MOTU(iKOBaHOTO
Co-Nimaona-C (BcTaBka —nonspusauiiina kpusa B koopausarax Tadens) (6)

Fig. 1. Cyclic voltammograms obtained in deaerated and oxygen saturated 0.05 M H,SO,
for GC-electrode modified with Co-Nppppa-C (a@); polarization curve for hydrogen evolution
obtained in 0.5 M H,SO, for GC-electrode modified with Co-Npyppa-C
(insert — polarization curve in Tafel coordinates) (b)

4. Kurys Yal, Ustavytska O.0., Koshechko V.G., Pokhodenko V.D. Structure and
Electrochemical Properties of Multilayer Graphene Prepared by Electrochemical Exfoliation

of Graphite in Presence of Benzoate Ions // RSC Adv. — 2016. — Vol. 6, Is. 42. — P. 36050—
36057.

Yaroslav Kurys, Denys Mazur, Olena Pariiska

BIFUNCTIONAL Co-N-C ELECTROCATALYSTS OBTAINED USING CONJUGATED
POLYMERS FOR OXYGEN REDUCTION AND HYDROGEN EVOLUTION

L.V. Pysarzhevsky Institute of Physical Chemistry, NAS of Ukraine,
31 Nauky Ave., 03028 Kyiv, Ukraine, e-mail: kurys@inphyschem-nas.kyiv.ua

Co-N-C composites that exhibit electrocatalytic activity in aqueous H,SO4 both in the oxygen reduction
reaction (ORR) and in the hydrogen evolution reaction (HER) were obtained via high-temperature treatment of
a number of nitrogen-containing conjugated polymers (N-CPs), nanosized carbon materials and Co(NOs),. The
effect of the type of N-CP and nanosized carbon material on the functional characteristics of Co-N-C
electrocatalysts in ORR and HER is considered. It was found that the activity of the corresponding
electrocatalysts toward ORR is, as a rule, symbatic one toward HER.

Key words: oxygen reduction reaction (ORR), hydrogen evolution reaction (HER), Co-N-C bifunctional
electrocatalysts, conjugated polymers.
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HAHOKOMIO3UIIMHAN EJJEKTPOKATAJII3OP BUALJIEHHS BOJTHIO
HA OCHOBI MoSy, HOJI-O-OPEHUIEHAIAMIHY TA BIJHOBJIEHOI'O
OKCHUAY I'PA®EHY
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BpaxoByroun BHCOKY BapTiCTh IUIATHHH, KA € HAHOLIBII aKTHBHAM €JIEKTPOKATali-
3atopoM peakuii BumineHas BoaHto (PBB), a Takoxk oOMexeHicTs i cBiTOBUX 3amacis [1,
2], po3po0sIeHHsT HOBUX alIbTEPHATUBHUX €JIEKTPOKATANI3aTOPIB 3a3HAYCHOTO TPOIIECY,
SIKi JI03BOJISIIOTH CYTTEBO 3MEHILIUTH CHEPrOBUTPATH 32 PaXyHOK 3HW)KEHHS TIepEHANpPYTH
BU/IIJICHHSI BOJTHIO, HE BTpaya€e CBOET aKTyaJIbHOCTI.

Panime HamMu OyJi0 BCTaHOBIICHO 31aTHICTh N-BMICHHX OpPraHIYHHMX CHPSDKEHHX I10-
nimepiB (N-CII) — nosi-5-aMiHOIHAOITY, MOJIi-8-aMiHOXIHOHY Ta MOJi-0-(QeHIeHAIaMiHy
(TTIODAA) — posIBIATH €1EKTPOKATANITHYHY aKTHBHICTh Y TPOLIEC] BUAIJICHHS BOAHIO 3
BOJIM B KUCIHX enekTpoitax [3]. Ha nam nornsia, nanuii Gpakt BiAKpUBae NepCIIEKTHBU
y BukopuctanHi Takux N-CII sk KOMITOHEHTIB HAHOKOMITO3UTHHX €JIEKTPOKaTali3aTopiB
3azHaueHoro nportecy. Cynpdizm Mo po3risgaroTeCst B OCTaHHI POKH SIK HEPCIIEKTHBHI
HETUIATHHOBI enekTpokaTanizatopu PBB, B ToMy 4ncIi MK KaTadiTHIHO aKTHBHI YaCTHH-
KH y TiOpumHUX KoMIo3uTax [4]. B ocTaHHROMY BHITaIKy Ba)XJTMBUM € PiBHOMIipHUHA
pO3MOIi YacCTUHOK MOS, B KOMITO3UTI Ta JOCTATHHLO BUCOKA HOTO €JIEKTPOTIPOBIAHICTD.
Mu mpuIrycTHIH, IO IIi YMOBH MOXKYTh OyTH 3a0e3nedueHi MpHu MO€AHAHHI B OJHOMY
riopugaomy matepiami MoS,, N-CII ta BigHOBIeHOro okcuay rpadeny. bimbmi Toro,
BUKOPHCTaHHS K KoMIioHeHTa komro3uty N-CII, skuii Mae enexkTpokaTagiTH4HI Biiac-
tuBocTi y PBB, Moxe, Ha Hall Morisj, BHOCUTH JOAATKOBUI BKJIaJ y CyMapHy aKTHB-
HICTh TaKOTO KOMITO3HTY.

3 METOI0 MepeBipKH IaHOTO NPUITYIIEHHS! HaMH OyJI0 OZlepKaHO Ta MPOBEJCHO J0C-
JIJDKEHHST eJIeKTPOKaTATITHIHNX BinacTuBoctell y PBB (enexrpomnit — 0,5 M H,SOy) Ha-
HOKOMITO3UTY Ha ocHOBI MoS,, aktuBHoro y PBB IIOD/IA Ta enekTpoximMidyHO BiIHOB-
neHoro okcunmy rpadeny (EBOI'), mBOKOMIIOHEHTHHX aHaJOTiB Ha OCHOBI MoS; 3
IIM®JIA a6o EBOT’, a Takox iHAMBITyaTbHUX 9aCTHHOK MoS;.

Momudikysanus ckioByrieneBoro (GC) enekTpoxy IUTIBKOBUM TiOpHIHHM HaHO-
KOMITO3UTOM Ha ocHOBiI MoS,, [IODJIA ta EBOI' (GC/EBOI/TIO®JIA/MoS,) npoBo-
JUITM [IUISIXOM HaHECEHHsS Ha IOBEPXHIO EJIEKTPOJY pPO3uMHY O-(eHUIeHIiaMiHy Ta
(NHy4);MoS, (TMA) y Boaniii aucnepcii okcunay rpadeny (OI'), omepxaHol HUIIXOM
pinkodasnoi ekcdodmianii okeuay rpadiTy, CHHTE30BaHOTO 32 MOJAM(DIKOBAHUM METOAOM
Xammepca. Hanani MoaugikoBaHuil eIeKTpoA BHCYLIyBaJM Ha MOBITPI Ta MPOBOIMIH
Horo nukimoBaHHs y (ocharHoMy OydepHomy posumni (PBP) 3 pH 6,8 B miamazoni
norenuianiB Big —100 no 900 MB (BizH. Ag/AgCl), mo 3abe3nedyBano sSK yTBOPEHHS
gacTHHOK MoS [5], Tak 1 OKHCHIOBaNBHY TOJIiMepH3aLilo o-QeHiIeHJiaMiHy, 3 HacTyI-
HOIO0 BUTPUMKOIO Takoro enekrpoxy npu —900 MB, 1mo npusBoamiao 10 4acTKOBOTO Bif-
HosneHHst OI' mo EBOI. BiamosinHo, BUKOPUCTAaHHS MpH MOAHMQIKAIii eIeKTPoay po3-
gy TMA B auctinsoBaHii Boai mpusBoamio 10 GC/MoS;, TMA y BoaHilt muctepcii
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OI' — no GC/EBOI'/MoS;, a o-deninenaiaminy pazom 3 TMA B IUCTHIBOBaHIN BOI
nozonmiio  orpuMat  GC/IIODA/MoS,. Tlicias enexkrpoximiuHoro ¢(opMyBaHHS,
MomudikoBari GC-eneKTpoan AeKiTbKa pa3iB MPOMHUBAIUCS BOAOIO.

B pesymnbraTi mpoBeAeHUX ENEKTPOXIMIYHHX AOCHIIHKEHb OYyJIO BCTaHOBIEHO, IIO
GC-emextponn Monan¢ikoBaHi JBOKOMIIOHEHTHHMH Kommosutamu [IODJJA/MoS, Ta
EBOI'/MoS, XapaKkTepHu3yIOThCS CXOKHUMH MiXK COOOI0 KaTaTiTHIHHMH BIACTHBOCTSIMH
y PBB ta Bummmu nopiBasiHO 31 GC-enekrpopoM MoaudiKOBaHUM Oe3MocepeHbo
MoS,, 1110 NpOSBISIETHCS B MiJBHINCHHI T'YCTHHU CTPYMIB Ta 3HW)KEHHI IEepEHaNpyru
BUAiIeHHS BogHIO (puc. 1.). HaliHmk4yuM 3Ha4YeHHSM IOTEHILIaTy MOYATKy BHILUICHHS

BojHIO (~ —240 MB) xapakTepusyeThcsi TpUKOMIOHEHTHHI Kommo3ur EBOT/TIODIA/
MoS,.

j, MA/eM® 400 | M, MB
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Puc. 1. INonspuzaniiiai kpuBi (a) Ta monspu3aniiHi Kpusi B koopanHarax Tadens (6),
mo oxepxkani y 0,5 M H,SO, s GC-enexrponis, mogudikosanux MoS; (1),
EBOI'/MoS; (2), IOD®IA/MoS; (3) Ta EBOI/TIODIA/MoS, (4)

Fig. 1. Polarization curves (@) and Tafel plots (b) in 0.5 M H,SO, for GC-electrode modified
with: MoS, (1), RGO/MoS,(2), POPDA/ MoS,(3) and RGO/POPDA/ MoS, (4)

Ha mincraBi ekcriepuMeHTaIBHUX JIAaHUX, Y BIAMIOBITHOCTI 3 piBHAHHAM Tadens Oynu
po3paxoBaHi OCHOBHI KiHeTH4Hi mapamerpu PBB (tadeniBcbkuii Haxui, cTpyMu oOMi-
HY, KoeillieHT nepeHocy, epeHanpyra Ipy 3afaHiil TyCTHHI CTPyMY) AJIS €JIEKTPO/IIB,
MOIU(IKOBAaHUX OJCPKaHUMH TiOpuaHIMH Matepiamamu (Tabm. 1). Sk BUIHO 3 NaHWX,
mo HaBeneHo y Tabn. 1, HaHokomno3utr EBOT/TIODIA/MoS, xapakTepu3yeThcsl Haii-
HIDKYIMH 3HaYCHHSAMH TaemiBChbKoro Haxmiy (b) Ta mepeHanpyTy Mpy 3aJaHiil TYCTHHI

Tabauus 1. OcuosHi napametpu PBB s GC-enextponis, MoauikoBaHHX KOMIIO3UTaMU
Ha ocHOBI MoS;

Table 1. HER performance for GC-electrodes, modified with MoS,-based composites

. . b, Jo» n, MB mpu 5
Monudixosanuii enexrpon MB/mopsiok ¢ MA/cM? MA/cM
GC/MoS, 91 0,65 8,8E-4 343
GC/EBOI'/MoS, 66 0,85 3,1E4 298
GC/MTODIA/MoS, 69 0,89 | 2,7E-4 298
GC/EBOT/TIODJA/MoS, 62 0,95 | 9,6E-5 274
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cTpyMy (7;), @ TaKOX HalBUIINM KoedillieHTOM nepeHocy 3apsany (o), a TBOKOMIIOHEHT-
Hi kommo3utn EBOI/MoSx ta TTODJA/MoSX MaloTh CXOXi MiX CO00I0 mapamerpu
PBB (ta6m. 1).

OpHi€r0 3 TPUYUH ICTOTHOTO TIOJIETIIEHHS EIEKTPOJITHIHOTO BUAIICHHS BOJHIO JUIS
GC/EBOI'/TIO®A/MoS, nopiBHsHO 3 GC-enexkTpogaMu, MoaudikoBaHUME 0e3 mocepe-
HBO YacTHHKaMH MoS; ab6o Hanokommo3utamMu EBOI'/MoS, ta [IO®IA/MoS,, Moxe Oy-
TH, Ha HAIl TIOTJISA[, B3AEMOIIsS MK KOMIIOHCHTaMH B KOMITO3HTI, 110 OOYMOBIIIOE ITiJI-
BUILIEHHS €JIEKTPOINPOBiAHOCTI ocTanHboro (Bkiaan EBOI) ta BnopsiakoBaHe po3MiliieH-
Hs aKTHBHUX LHEHTPIB (MoS;), sike 3abe3mneuye MakpoMoiekysipHa cTpykrypa [IODIA.

1. Zou X., Zhang Y. Noble metal-free hydrogen evolution catalysts for water splitting / Chem.
Soc. Rev. —2015. — Vol. 44, Is. 15. — P. 5148-5180.

2. Zeng M., Li Y. Recent advances in heterogeneous electrocatalysts for the hydrogen evolution
reaction // J. Mater. Chem. A. —2015. — Vol. 3. — P. 14942-14962.

3. Kypuvico AU., Masyp [.0., Koweuxo B.I'., Iloxodenxo B.J]. Dnexrpokatanu3 N-comepika-
IIUMH COIPSDKEHHBIMHU TTOJMMEPaMH 3JIEKTPOXUMHUYECKOTO BBIICICHHS BOIOPOJA M3 BOIbI B
KHCIbIX cpenax // TeoperT. u skcnepum. xumus. — 2016. — T. 52, Ne3. — C. 163-169.

4. Jiang Y., Xin L., Shengjiao Y. et al. Reduced Graphene Oxide-Modified Carbon Nanotube/
Polyimide Film Supported MoS, Nanoparticles for Electrocatalytic Hydrogen Evolution //
Adv. Funct. Mater. — 2015. — Vol. 25, Is. 18. — P. 2693-2700.

5. Tran P.D., Tran T.V., Orio M. et al. Coordination polymer structure and revisited hydrogen
evolution catalytic mechanism for amorphous molybdenum sulfide // Nat Mater. — 2016. —
Vol. 15. — P. 640-643.

Mazur Denys, Yaroslav Kurys, Vyacheslav Koshechko, Vitaliy Pokhodenko

NANOCOMPOSITE ELECTROCATALYST FOR HYDROGEN EVOLUTION BASED ON MoSx,
POLY-O-PHENYLENEDIAMINE AND REDUCED GRAPHENE OXIDE

L.V. Pysarzhevsky Institute of Physical Chemistry, NAS of Ukraine,
31 Nauky Ave., 03028 Kyiv, Ukraine, e-mai: mazur.denis.olegovich@gmail.com

Hybrid electrocatalysts for hydrogen evolution from water which consist of electrochemically reduced
graphene oxide (ERGO), poly-o-phenylenediamine (POPDA) and amorphous molybdenum sulfide (MoS,) -
ERGO/POPDA/MoSx were obtained using electrochemical approach. HER performance of the resulting
composite in 0.5M H,SO, is characterized by overpotential of 274 mV at 5 mA/cm?® and a Tafel slope of 62
mV/dec. It has been shown that the modification of the glassycarbon electrode with such nanocomposite allow
substantially facilitate the electrolytic hydrogen evolution in comparison with bare GC-electrodes, modified
directly with MoSy particles or ERGO/MoS, and POPDA/MoS, nanocomposites.

Key words: hydrogen evolution reaction, nanocomposite electrocatalyst, MoSy, poly-o-phenylenediamine,
reduced graphene oxide
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V]IK 621.35
Anmounina MAH3EJIIC, bopuc BAHPAYHHH

MOKJIUBOCTI AHOAHOI BOJIbTAMITIEPOMETPIi
TP AHAJII3I IIVITBOK CIIJIABIB

Hayionanenuii mexuiunuil ynisepcumem « XapxiecoKuil noiimexHiuHuil yHigepcumemy,
Kagedpa mexwiunoi enexmpoximii, eyn. Kupnuuosa , 2, 61002 Xapxis, Yxpaina,
e-mail: a.maizelis@gmail.com

VY mporeci po3poOKH eIEeKTPONITIB A OCAKCHHS CIDIaBiB Ta iX BHKOPHUCTAaHHI Y
TIPOMHUCIIOBOCTI OJHI€I0 3 HEOOXiTHHX Omepalliii € BH3HaYCHHA XiMigHOTO i (pasoBoro
CKJIaMy CIIaBiB. 3arajpbHO MPUHAHATI METOIM aHAJi3y CKJIay MOKPUTTIB CILIaBaMH, SK
MPaBUJIO, TPYIAOMICTKi, a (ha30BHH pEHTTeHOAU(PAKIIHHNNA aHaji3, HAPHUKIAA, HE
3aBXKJI MOXITUBO BUKOPUCTOBYBATH LIS 3HAYHOT KIJTbKOCTI 3pa3kiB. KpiM Toro, icHyroTh
i oOMeXeHHsI LMX MeTOAIB aHamizy [1] mpu nociimkeHHI yMOB (HOpMYBaHHS TOHKHX
IUTIBOK CIUIABIB, sIKi BUKOPHCTOBYIOThCS, HalpUKIad, B €JICKTPOHili, caMOCTiHHO, a
TaKOX y CKJIaJl 0aratomapoBuX IOKPUTTIB.

[lepcrieKTHBHUM METOAOM aHali3y XiMi4HOTO i ()a30BOr0 CKJIAy IUIIBOK CIUIaBAMH €
METOJl aHO/IHOI BOJBTAMIIEPOMETPIi, 3TiTHO SIKOMY CKJIaJ CIIIaBy MOKJIMBO BH3HAYaTH
3a PO3IMOJIIOM KITBKOCTI €JeKTPHKH Ha MapuialbHi MPOIECH PO3YMHEHHS CKJIaJOBHX
CIUTaBiB, OCAIPKEHUX Ha €NEKTPOIi, IHEpTHOMY B HEOOXiqHil obnacTi moreHmianis [2, 3].
KopekTHICTh BUKOPHCTaHHS METOJY 3aJCKUTh SK BiJ BHOOPY CIEKTPONITY I PO3YH-
HEHHs KOXXHOTO CIulaBy 0e3 HakJaJeHHs DOJATKOBUX IPOLECiB, HAPHKIAL, MacHBaLii
MMOBEPXHI, TaK i BiJl YMOB €KCIIEPUMEHTY, OOTPYHTOBAHOCTI iHTepIpeTarlii OTpUMaHUX
Ppe3yJbTarTiB.

3 MeTOr0 XiMIYHOTO Ta ()a30BOT0 aHaIi3y CKIaay IUTBOK cruiaBiB cuctemu Cu-Ni-Zn
BUKOPHCTOBYBAJIM aHOJIHI BOJITAMIIEPOIPaMU PO3YMHEHHS TUTIBOK CILJIaBiB B aMiaKaTHO-
TJIIMHATHOMY EJIEKTPOJIITI, SKUH JTO3BOJIIE PO3IUIMTH MKW PO3UYMHEHHS LHMHKY, Miji
(xpuBa [, puc. 1, a) Ta Hikemo (kpuBa 3, puc. 1, a) Ha coTHI MB, a TakoX CENEeKTHBHO
MOBHICTIO PO3YMHATH MeTas 3 (a3 (Ha KpuBii 2, puc. 1, a mepmmii mik BixnoBigae pos-
YMHEHHIO Mifli 3 MiJIHO-HIKEJIEBOTO CIIIaBy, APYTHil MK — PO3YMHEHHIO HIKEJIO 3 IBOTO

S0 . T T T y y o 25 . : . ; ;
= 5
2 401 1 =<?20f i
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Puc. 1. AHonHI monspu3aniiigi 3anexHocti posunaeHHs Cu (/a), Ni (3a),
cmnaBiB Cu-Ni (2a) ta Zn-Ni (0)

Fig. 1. Anodic polarization curves of Cu (/), Cu-Ni alloy (2), Ni (3) dissolution
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Puc. 2. AHOzHI BonbTaMIeporpaMu po3dMHEHHS apiB ciuiaBy Zn-Ni pi3HOi TOBIIMHY IPU
OITHAaKOBi# (@) Ta pi3Hil (0) BUAKOCTI pO3TOPTKH NOTeHIiary, MB/c: a, 16 —10; 26 — 5; 36 — 1;
46 — 0,1. Yac ocamkeHHS MapiB CIaBy, c: la — 75; 2a — 60; 3a — 45; 4a — 30; Sa — 24;
6a—15; 7a—10; 16,— 50; 26 — 100; 36 — 200; 46 — 4120
Fig. 2. Anodic polarization curves of dissolution of Zn-Ni alloy layer of different thickness
at the same (a) and different () potential scan rate, mV sta, 1b-10;2b-5;3b—1;
4b —0.1. Time of alloy layer deposition, s: la — 75; 2a — 60; 3a — 45; 4a — 30; 5a — 24;
6a—15; 7a—10; 1b —50; 2b — 100; 3b —200; 4b — 4120

cmiaBy) Ta okpeMi (a3 (Ha BoimbTammeporpami puc. 1, 6 pozunHeHHs criaBy Zn-Ni
CIOCTEPIraloThCsl KK MOCIIJOBHOTO PO3UYMHEHHS IIMHKY 3 BHXITHHX (a3 MOKPHUTTS i
THX, II0 YTBOPHJIKCS B TIPOIECi PO3UMHEHHS, Ta OCTaHHIH MK pPO3YMHEHHS 30aradeHoi
HikeneM (a3u) y BUINNIAAI PO3UMHHUX KOMIUICKCHHX CIIONYK. BHKOpHCTOBYBaM MOTEH-
mioctat [1M-50.1 3 koM t0TepHOIO peecTpaliero ganuX. [llapy crutaBiB TOBITMHOIO Bix
10 EM 1o 4 MKM OCa/[KyBaJHM Ha IUIATHHOBOMY €JEKTPOJi, JaHI HAaBEICHO IO Bil-
HOIIICHHIO JI0 TIOTEHIIaTy XJIOPHUIACPIOHOTO HACHUEHOTO eJIEKTPO/Y ITOPiBHAHHSL.

MOXJIMBICTh aHaJi3y CKJIaay WIapiB CIUIaBY IHUHK-HIKEJIb y LIIMPOKOMY Jiana3oHy
3HAa4YCHb TOBIIMHM LIFOCTPYIOTH AaHi puc. 2. [Ipu 30ULIbLICHHI Yacy OCaKCHHS ILTIBOK
Bxke moHax 30 ¢ 6e3 3MiHM IIBUAKOCTI PO3TOPTKU MOTEHIany (pHC. 2, @) 3HHKYETHCS
CEJICKTHMBHICTB ITiKiB Ha BOJbTaMIIeporpamMax ix po3unHeHHs. OJHaK MpU BUKOPUCTaHHI
HIBUAKOCTI PO3rOPTKH IMOTEHIIaNy, II0 BiJNOBiJa€ TOBLIMHI IIapy cruiaBy (puc. 2,0)
CIIOCTEPIraloThCsI CENICKTHBHI MKW po3unHeHHs (a3. PisHa Gopma BompTammneporpam y
JTAHOMY BHIIQJIKY BiZoOpakae 3MiHy CKJIay IUTIBOK 31 3MiHOKO iX TOBIMIMHY Bix 15-20 HM
10 6mm3pko 4 MKM. B TOHKHMX 1miBKax, mopsn 3 y-ha3oro, BUABIAEThCS 30araueHa IMH-
KoM ¢a3a (kpuBa /, puc. 1, 6), 9acTka K01 B IUTIBKaX 3MEHIIYETHCS 3 TOBITUHOIO (KPHBi
2, 3). Ilpn gaci ocamxenns 4120 c (kpuBa 4, puc. 2, 6) XiMigHUH i (a30BHA CKIaT OT-
PHMaHOTO MOKPHUTTS, PO3PaxXOBaHUN 3 JAHUX BOJIBTAMIIPOTPAMH, BXKE BIJIOBIB CKIIaay
TTOKPHUTTS TOBIIMHOIO OJM3bK0o 10 MKM, 1110 BU3HAYEHUH 32 TOTIOMOTOIO €JIEMEHTHOTO Ta
peHTreHo(ha3HOro aHaTi3Yy.

[{ukiiyHa BOJIETAMIEPOMETPISE B €IEKTPOINITI Ul ocaJukeHHs ciuiaBy Zn-Ni-Cu,
MOPIBHSIHO 3 EJCKTPOJITOM sl Oca/pKeHHs crutaBy Zn-Ni (puc. 3, @), sIKICHO BUSBIISE
HasIBHICTh MiJli B mapi, 30araueHHs] IMHK-HIKEIEBOI CKJIaJ0BOI HIiKEJIEeM 3 OJHOYAaCHOIO
romoreHizaniero (a3zoBoro ckiany. B po3umHi Juii aHOAHOI BOJBTaAMIIEPOMETpii, Y
BiJICYTHOCTI 10HIB METaJIiB, KU € OUTBII CEICKTUBHUMU (pHC. 3, ).
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Puc. 3. LIBA (a) v anozHi nonsipu3aniiiHi 3aJIe)KHOCTI pO3YMHEHHS IIapiB CIUIABIB (6),
1110 OTpHUMaHi B eneKxTpomitax ckmamy: /— 0,1 moms/am’ Ni*', 0,04 Moms/mm® Zn?";
0,25 Mo/ M Gly’, 0,66 MOIB/IM° NH;(NH,"); 2 — nonarkoso 0,006 mous/am® Cu?*

Fig. 3. CVA (a) and anodic polarization curves of alloys dissolution (b),
obtained in electrolytes: 7 — 0.1 mol L' Ni**, 0.04 mol L' Zn>*; 0.25 mol L' Gly’,
0.66 mol L™ NH;3(NH,"); 2 — 0.006 mol L™ Cu*" additionally

TakuMm YWHOM, TIOKa3aHA MOXIIUBICTH KUTBKICHOTO XIMIYHOTO 1 (pa30BOTO aHANi3y
METOZIOM aHOJHOI BOJIbTaMIIEPOMETpii ckilany cruiaBiB cucremu Cu-Ni-Zn y mupokomy,
Bix 10 HM 110 4 MKM, AianazoHi TOBIIUHH MIAPiB.

1. [Ilempenxo JI.B., Kopo6os B.[. Onpenenenue ha30BOro CTpoeHUs ralbBAaHMYECKUX ITOKPBITHH
13 IIMHKOBBIX CIIABOB JIMHEHHOI BOJIBTAMIIEPOMETPHEH B LIEJIOYHBIX pacTBopax // BicHuk
Juinponerposcrkoro yHiBepcutety. Cepist: Ximist. —2016. — Bum. 24(2) . — C. 119-125.

2. Swathirajon S. Potentiodynamic and galvanostatic stripping methods for characterization of
alloy electrodeposition process and product // J. Electrochem. Soc. — 1986. — Vol. 133. —
Issue 4. — P. 671-680.

3. Elkhatabi F., Barcel G., San-et M., Mtiller C. Electrochemical oxidation of zinc+nickel alloys
in ammonium baths // J. Electroanal. Chem. — 1996. — Vol. 419. — P. 71-76.

Antonina Maizelis, Boris Bairachny
POSSIBILITIES OF ANOID VOLTAMPERMETRY FOR ANALYSIS OF ALLOY FILMS

National Technical University "Kharkiv Polytechnic University",
Department of Technical Electrochemistry, Kyrpychova Str. 2, 61002 Kharkiv, Ukraine

The results of chemical and phase analysis of the electrodeposited Cu-Ni, Zn-Ni, and Zn-Ni-Cu alloys
composition by anodic voltammetry on platinum electrode in ammonia-glycinate electrolyte are presented. It is
shown that the peaks of zinc, copper and nickel dissolution in this electrolyte are separated by potential ranges
of several hundred mV. The phases of initial alloys and phases formed during the alloy dissolution selectively
dissolve completely leading to the formation of soluble complex compounds. The influence of the correct
selection of the potential scan rate on the alloy phase dissolution selectivity in the wide range of layers
thickness (from 10 nm to 4 pm) is illustrated. The advantage of anodic voltammetry over the X-ray diffraction
method of analysis in the case of alloys with a variable composition in thickness is shown.

Key words: anodic voltammetry, Zn-Ni-Cu alloy, thin film.
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Bixmop MAJTHILEB"?, Anzenina I'A5°, Hamania YCKOBA'

EJEKTPOXIMIYHE JOCJIIXKEHHA 3APOIKEHHA KPUCTAJIIB
KAPBIAIB MOJIIBAEHY TA BOJIb®PAMY B OKCHUIHUX PO3IIJIABAX

]Incmumym 3aeanvroi ma neopeaniunoi ximii im. B.1. Bepnaocvkoeo HAH Ykpainu,
np. Ilannaodina, 32/34, 03142 Kuis, Yxpaina, e-mail: viktor.malyshev.igicwgmail.com

2 Yuisepcumem « Yxpainay, eyn. Jlvsiecoka, 23, 03115 Kuis, Yxpaina

JloBeneHo, 1o icHYrOTh piBHOBaXHi enekrpoaHi moteHnianu (PEIT) kapOigHux emnek-
TPOZIB y BOJb(PpaMaTHO-MOINIONATHO-KApOOHATHHUX PO3IUIaBaxX IMEBHOTO ckimamy. [linm-
TBEpIKYE I KIHETHKA PEaKIliil ImiJ 9ac eJIeKTPOOCaHKeHHS KapOiTHWX MOKPHUBIB Ha
TBEPAMX €IEKTpoAax. SIK BUIHO 3 TalbBaHOAWHAMIYHNX KPUBHX, Y BUNAAKY OCAKCHHS
KapOiiB Ha TBEpPAY OCHOBY 3 IHIIOTO, HIX OCAIPKyBaHWH, MaTepiary Micisi BBIMKHEHHS
CTPYMY CIIOCTEPITaloTh TPH CTaIii:

1) 3pylIeHHs NOTEHIaly B €JeKTPOHEraTHBHY 001acTh (Touka A);

2) 1oro 3CyB B €JIEKTPOINO3UTHBHY 00JIACTh 10 BU3HAYEHOTO 3HAYEHHS (CTarlioHap-

HOTO CTaHy);
3) micns BUMHKaHHS cTpyMy (Touka B) moteHian npuiiMae piBHOBa)KHE 3HaYECHHS
CIIOJTKH, III0 OCaJKY€ETHCS.
PizHurrs 3HaUeHs B TOukax A i B BiamoBinae mepeHanpys3i KpucTamizarii 7.

[Neprui KprCTaaM NOYMHAIOTH YTBOPIOBATHCS BiApasy Micis MOSBY IiKa Ha rajibBaHO-
JUHAMIYHIA KpuBiil. 32 MOBTOPHOTO BBIMKHEHHS CTPyMYy depe3 KopoTkui gac (5...10 c)
HE TOSBIIOTHCA MiKH. OTXe, KpUCTaNi3aliiiHa IepeHanpyra MoB's3aHa 3 YTBOPEHHIM
TPUBUMIpPHHX 3apoAKiB. Ha OCHOBI eKCIIEpPIMEHTY OIIIHEHO TIepeHANpPYTH KPUCTai3allil,
BHKJIMKaHI O1TBIIOI0 BUTPATOI0 KOMIIOHEHTIB CHHTE3Y B IMEpPIIi MOMEHTH Yacy Ha yTBO-
peHHs 3apoakiB. Ha cpiOHux emexktpomax B iHTepBaii Ttemmeparyp 973...1023 K Bonu
ctaHoBATh §...40 MB. Koxm xapbimu ocamKyroThCs Ha OTHONMEHHI TBEpZi MaTepiain
nepeHanpyr He Oyno. BoHa criocrepiraiacst Jiuie 3a HEBEJIMKHUX MEPEeHANpyr Ha MeTa-
Jlax 3 BUCOKUM CTpyMOM 0OMiHy. B Takux ymoBax crajis moBepxHeBoi audysii cripaBai
JMITy€ eNeKTPOAHUH mpouec. 31 301IbIIEHHSM IBUIKOCTI OCaKEHHS KapOiliB 3pocTae
YHCIIO LEHTPIB KpUCTamizalii, 0 3MEHIIyE rajJbMyBaHHS, IMOB'A3aHI 3 MOBEPXHEBOIO
mudysiero. O4eBUAHO, ITPU BUIIMX MEPEHANpyrax HAaHIOBUIBHINIOW CTA€ iHIIA CTamis, i
IIBUAKICTH TPOIECY BH3HAYAETHCS 200 IIBUAKICTIO NMEPEHOCY eNeKTpOHa, abo MIBHI-
KicTio nudysii 3 00'eMy po3IuiaBy.

[TixBuIeHHS TeMIepaTypH pO3IUIaBy MOKE YCKIAIHUTH KPHUCTANII3yBaHHS B3a€EMO-
TIi€F0 KOMITOHEHTIB, 1[0 OCAKYIOTBCS, 3 MaTepiaJoM OCHOBH (CTIaBOYTBOPEHH:). 3 ImiI-
BHIICHHSIM TEMIIEPATYPH ITiK HA TaTbBaHOIWHAMIYHIHM KPUBiff TOCTYIOBO 3MEHIITY€ETHCS 1
BpemITi 3HuKae. Ha MeTanax, siki yTBOPIOIOT CIUIABH 3 OCAKyBAHUMH KOMIIOHEHTAMH,
MepeHanpyry KpUCTali3aiii CocTepiraeMo 3a HasiBHOCTI TOBEPXHEBOT OKCUIHOT IITIBKH.

lNanpBaHOAMHAMIYHI KpHBI 3HiManu npu Temneparypi 1173 K ta ryctuni crpymy
1,4 KA/M%, O BiZOOPaXAIOTH MOYATKOBI CTamii €MEeKTPOKPUCTATI3AIIi KapbiLy MOi6-
JICHYy Ha OCHOBAax 3 Pi3HMX MaTepianiB. BoHM MOKa3yroTh, 0 Ha CpiOi, Mimi, 30J710Ti
CIIaBOYTBOPEHHS BiJICYTHE, Ha HIKeJl Ta IJIATHHI BOHO BiOYBAETHCS.
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[TinBumieHHs TeMmnepaTrypy pO3IUIaBY 3a3BHYail «aKTHBYe» KaTOAHY IMOBEPXHIO 1
MPUIIBHUIIYE B3aEMHY TU(Y31I0 0CaXKyBaHUX KOMIIOHCHTIB CHHTE3Y 1 MaTepiairy OCHO-
BH, a TAKOX peakiii ix B3aemomii. [lokazano, mo enekTpoocamkeHHs KapOiry MoiOneH-
Hy npu Temrepatypi Bume 1173 K HaBiTh Ha iHIUpEpeHTHIN cpiOHIN OCHOBI CYIPOBOJ-
KYEThCSA TENOJIIPU3AIl€0, 0OYMOBIICHOIO CIUIABOYTBOPCHHAM. BHUMiprOBaHHS B IHPO-
KoMy iHTepBam temnepatyp (973...1223 K) cBiguaTh mpo 3aKOHOMIpHY 3MiHY SKiCHHUX
Ta KIJTBKICHUX XapaKTEPUCTHK IMOYATKOBHX CTaIil eIEKTPOKPHCTaTi3alii KapOigy MoJIi0-
JIeHy Ha 3a3HaueHiii OCHOBI 3 POCTOM TeMmeparypH. | alpBaHOIUHAMIUHI KPHBI, 10 Bi-
JO0OpakaroTh 3apo/KEHHs HOBOI a3y INpH PI3HUX TeMIEpaTypax, AEMOHCTPYIOTH
3MEHILECHHS eHeprii yTBOPEHHsI KpUTHYHHX 3apOAKIB KPHCTAITY, 301IbIIEHHS 4acy J0CST-
HEHHS1 HeOOX1THOTO TIepeHaCHYEHHsI a1aTOMIB Y MOMEHT YTBOPEHHS HOBOI (a3 B iHTEp-
Baui temrniepatyp 1073...1173 K. 36insmenns remneparypu monas 1173 K 3nimae xpuc-
TayTizaliiHi yTpy/JHEHHS B MOMCHT yTBOPEHHS TPHBKHX arperariB HoBoi ¢asu. 3a mo-
JIANBIIOTO II/IBUIICHHS TeMnepaTrypu (IiKCyIOThCS SIBHO BHPaXKEeHI IETOJsIpH3aliiiHi
TPOLIECH.

[ig gac enmexTpoocamkyBaHHS KapOigiB Ha pi3HI MOHOKPHCTAIIYHI OCHOBH BOHU
CTPYKTYpHO HeBianoBigHi. ['erepoemitakcianbHi mapu kapOifiB MomibaeHy i BoIbhpaMy
ocapkyBaiy 3 po3miaBiB Na, WO,-MoO;(WO;)-CO, npu temnepatypi 1123 K i ryctusi
cTpyMy 5..10 A/M’ HAa MOHOKpHCTamiuHi OCHOBH 3 MOMiOHEHY i Bomb(pamy pi3HOi
opieHTanii. 3a eJIeKTpoizy Ha MOJIIOJEHOBUX OCHOBax 3 opieHTtauwismu {100}, {111} i
{112} 1 BonbdpamoBux 3 opieHTaumismMu {112} OTpUMaHO IIApW 3 OJHIEI0 YU JIBOMA
nepeBaXHUMH opieHTanisiMu. OCHOBHA IUIOLIMHA, NPHCYTHS B OrpaHi, — Oa3ucHa
{001}. OpienTaniiiai CHiBBiAHOLIEHHS, BU3HAYCHI PEHTTCHOCTPYKTYPHHUM aHaJli30M
HaCTYIIHI:

(2023)Mo,C||(100)Mo,
(1011)Mo,C||(100)Mo,
(1120)[0001]Mo,C]|(111)[112]Mo,
(1122)Mo,C||(112)Mo,
(1013)W,CJ|(112)W.

Viktor Malyshev"?, Angelina Gab’, Nataliia Uskova'

ELECTROCHEMICAL STUDY OF MOLYBDENUM AND TUNGSTEN CARBIDES CRYSTALS
NUCLEATION IN OXIDE MELTS

'V.I. Vernadsky Institute of General and Inorganic Chemistry of National Academy of Sciences of Ukraine,
Palladina Ave., 32/34, 03142 Kyiv, Ukraine, e-mail: viktor.malyshev.igic@gmail.com

ZUniversily “Ukraine”, Lvivska St., 23, 03115 Kyiv, Ukraine

As a result of study of processes of currentless diffusion saturation and metallothermic reduction, synthesis
conditions for obtaining of chromium silicides in the form of superfine powders and coatings were found.

Key words: molybdenum, tungsten, carbides, crystals nucleation, electrochemistry, oxide melts.
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COMPLEX TESTING OF THE DEVICE FOR THE ELECTROCHEMICAL
GENERATION OF THE ANTISEPTIC

! National Technical University “Kharkiv Polytechnic Institute”,
Kyrpychova Str., 2, 61002 Kharkiv, Ukraine

This work is cross-disciplinary, and contains general information on a comprehensive
study conducted in 2017-2018. This study was devoted to the development of a funda-
mentally new aerosol antiseptic. This antiseptic is generated by a device that operates on
an electrochemical principle. For research was supplied the prototype of device, deve-
loped by Modern Biochem Technologies Ltd. The prototype generates the antiseptic
"Dew", consisting of stabilized particles of silver and water. The effectiveness of the
prototype was determined against a wide range of test-strains.

The use of some alcohol-based antiseptics can lead to the formation of poly-resistant
strains of pathogenic microorganisms. Existing natural antiseptics based on ionic, nano-
or colloidal silver have insufficient efficacy. Specialists of the Ukrainian company Mo-
dern Biochem Technologies Ltd. were developed, created and patented [1] a portable
and self-contained device for the generation of a harmless for humans and natural
antiseptic "Dew". We conducted a comprehensive study, which included more than 200
microbiological tests, 5 tests on an atomic-adsorption spectrometer, a complex test on
the potentiostate-galvanostate. The terms and some results of these tests are given below.

Materials and equipment. Antiseptic Dew was prepared by the prototype portable
device. The composition of the used water is shown in Table 1. Microbiological research
were carried out in the Laboratory of Biochemistry and Biotechnology of the Mechnikov
Institute. The test was carried out on four test strains from the American Type Culture
Collection: E. Coli ATCC 25922, Staphylococcus Aureus ATCC 25923, Candida
Albicans ATCC 885-653 and Proteus Vulgaris ATCC 4636 with a billion concentration
of colony forming units in 1 ml (10%-10° CFU/mL , In CFU/mL = 19.57 ... 20.72).

The silver content in the Dew antiseptic was determined by atomic absorption
spectrometer MGA-915MD at the Laboratory of Analytical Ecological Studies of the
Karazin Kharkov National University. An electrochemical study of the prototype was
carried out on the potentiostate IPC-pro in the Department of Technical Electrochemistry
of the National Technical University "KhPI".

Table 1. Composition of water for the preparation of Dew

Ta6auust 1. Ckiaa Boau Ui NPUrOTyBaHHS aHTHCcenTHKa "Dew"

Dry residue 100 — 300 ppm Magnesium 40 ppm
Total alkalinity 4 mmole/L Sodium 150 ppm
Total hardness 5 mmole/L Phosphorus 0.3 ppm

Potassium 40 ppm lodine 20 ppb
Calcium 75 ppm
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The results obtained by the research were divided into three blocks: antiseptic
efficacy, antiseptic composition, electrochemical studies.

Antiseptic efficacy was determined by the effect of the antiseptic on test-strains.
More detailed information about microbiological research You may find in [2]. The most
significant results of the microbiological test are shown in Figure 1.

Note to Figure 1:

Control and initial dose

10° CFU/mL

The most significant result

of Dew against test-strains

of Candida (region 25) and
Staphylococcus (region

Candida Albicans Staphylococcus Aureus 30)is 0 — 10! CFU/mL
ATCC 885-653 ATCC 25923

Fig. 1. Some of the most significant results of microbiological tests

Puc. 1. Jlesixi HalOinbII 3HAYYL pe3yabTaTH MiKPOOIOIOTIYHUX TECTIB

More information about the antimicrobial activity of Dew may be found in [3 and 4].
The composition of water for preparation of antiseptic Dew is specified above. The
concentration of silver in the antiseptic is shown in Figure 2.

9 Note to Figure 2:

The control of the silver concentration in
the antiseptic Dew was carried out in
same time that the microbiological tests
with intervals of 1 to 3 weeks. The
prototype and mode of its work didn't
change.

The most probable factors of the scatter of
concentration range: air temperature at the
. test, the presents or absence of oxide film,
Test il *  Inaccuracy in samples preparation.

Concentration. mg/L (ppm)

Figure 2. Range of the silver content in Dew
Pucynok 2. Jlianazon koHueHTpauii cpidna y Dew

Antiseptic Dew, generated by the prototype of the autonomic device developed by
Modern Biochem Technologies Ltd., has a pronounced antiseptic effect. The silver
content in Dew is more than 20 times less than in commercial analogues, for example, in
colloidal silver DE-SEPT by TM Whirl. And even in this case, the antimicrobial efficacy
of Dew is much higher.

Electrochemical research consisted in the recording and analysis of voltamperograms
of silver (Figure 3) in water (Table 1). The purpose of the tests was to determine the
most significant technological parameters: the domain of potentials of active dissolution,
the maximum current density and the height of the backward peak.
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08:-0,29 E.mV

-5000 -4000 -3000 -2000

Note to Figure 3:

<00 1- 3 < 1640,7;-3,33 X . .
-2599,1;-3.51 - —— The dashed line is a straight course and
,” s, the solid line is the reverse course of the
o~ \‘N 3502:-sg0  dependence. Were used silver-chloride
84,17: 4,811 Se.a reference electrode. All the potentials

were adduced according to the standard
hydrogen electrode. The most significant
points of dependence are provided with a
signature, the first digit of which shows
the potential "E", and the second digit

4298; 8,99 10 o =
shows the current density "j".

1100; -10,23

Fig. 3. Voltamperogram of silver in the water

Puc. 3. Bonsrameporpama cpibna y Boxi

The analysis of current-voltage dependencies allows us to significantly optimize the
technological parameters of the prototype operation, reducing energy costs and increa-
sing the efficiency of the prototype.

1. Manuilov M.B., Martynov A.V., Klein U.B., Manuilov A.M., Honcharenko Y.A. Patent of
Ukraine 123374 “Device for water and surfaces disinfection by silver and copper ions” (in
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2. Manuilov A.M., Martynov A.V. Antiseptic spray based on stabilized silver particles: an analysis
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KOMILUIEKCHE TECTYBAHHSA MPUCTPOIO IS TEHEPAIIi AHTUCENTUYHOI'O 3ACOBY
HA EJEKTPOXIMIYHOMY INPUHIMUIII POBOTH

)i . o . o . . o . . ..
Hayionanenuii mexniynuil ynisepcumem «XapKiécoKuti RONIMexHiYHutl iHCmumympy,
xageopa Texniunoi enexmpoximii, gynuys Kupnuuosa, 2, 61002, Xapxis, Yrpaina

JlomoBigp TMpUCBSYEHA BHUCBITJICHHIO JESIKAX HAMOUIBII 3HAYYHNIMX PE3yJIbTAaTiB  KOMILIEKCHOTO
JIOCIIDKeHHS eIeKTPOXIMIYHOr0 MOPTATHBHOIO MPUCTPOIO, o OyB Hamanuii Modern Biochem Technologies
Ltd. KoMiiekcHe IOCTiIKEHHS BKJIIOYAJIO MIKpOOIOJNOTiYHI TECTH, aHali3 3pa3KiB aHTHUCENTHYHOIO 3aco0y
Dew Ha aTOMHO-aJCOpOLIHHOMY CIIEKTPOMETpi, 3HATTS Ta aHaji3 BOJbTAMIEPOrpaM EJIEKTPOJHOI KOMOpH
[POTOTUITYy. 3a pe3y/ibTaTaMyd KOMIUICKCHOTO MOCII/DKEHHS aHTHCCNTHK IIPOSBMB BHCOKI Ta craii
AQHTHCENTHYHI BIIACTHBOCTI IIPU NOPIBHIHO HU3BKHX KOHLEHTPALAX AiF0Y0] apIeHTYMBMUICHOI CIIOTYKH.

Knrouogi cnosa: enexTpoxiMiuHa reHepaliis, aHTHCEITUK, CPiOIo
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Jlo6pe Bimomo, 1o po3psiiHa €eMHICTh XiMiYHUX [pKepen ctpyMmy (XC) ta okpemux
€JIEKTPOIB, 3HIKYETHCS 31 30UIBIICHHAM CTPYMY pPO3psay. 3a3BUYail s 3aJCKHICTH
OTIHCY€ETHCS eMITipuaHuM 3akoHOM B. [lefikepra

O=const/™*, a~02+0,7 )
abo #oro moamdikamismu [1]. Ha kxanp, Bci mi piBHSHHA OTPUMaHi Ha OCHOBI YHCTO
EMIIPUYHMAX JAaHUX 1 HE AAlOTh BKAa3iBOK Ha MPHUPOIY 3HIKEHHS €MHOCTI Ta MOJKJIHBI
HUIAXH 11 301TBIIEHHS.

B 6ararpox Bumagkax enektpoand X/C (eneMeHTiB, aKyMyJIATOPIB) SBISIOTH COO0I0
MOPHUCTI MaTpuli, 10 MalTh EJIEKTPOHHY MPOBIIHICTh, MPOCOYEHI EIEKTPOJITOM Ta
MICTATh €JEKTPOXIMIYHO aKTHBHI TBEpIi peareHTH. B mporeci po3psny (3apsmy) Takux
€JIEKTPO/IIB AKTHBHI PEUOBMHM a00 iX CKJIQJOBI PO3UMHSIOTBCS B EJIEKTPOJITI abo
TBepAii dasi i qudyHIYIOTH 10 HAHOMMKYOro Micls KOHTAaKTy ENEeKTPOINITYy 3 (a3oro,
sKa Ma€ eJEKTPOHHY MPOBIMHICTh. Y IBbOMY MicIli BiIOYBA€ETHCS €IEKTPOXIMIUHA peak-
1ist 1 GOpMy€eThCS IPOAYKT, IKUH MOCTYIIOBO HAaKONMMUIYeThesl. Koam KoHIeHTpanis mpo-
KTy JIOCSITA€ NIESIKOTO PIBHS NEPECHYEHHS, YTBOPIOIOTHCS 1 MOYMHAIOTH POCTH KPHC-
Tanu HOBOI (pa3u. BCTaHOBMIOETRCS KBa3iCTaIliOHAPHUH TPOIIEC B XOA1 AKOTO KPHUCTAIH
BHXITHUX PEareHTiB pO3UMHSIOTHCS, TIPOAYKTIB - POCTYTh.

Teopis, mo ommcye Taki mporecu, Oyma moOynoBana B podorax [2—4] i mo3Bonmmia
BUBECTH aHAJITUYHUI BUpPA3 /I NOIAPHU3ALIITHOT XapaKTEPUCTUKY Ta ii eBOMIOLIT B PO-
eci 3apsimy-po3psiay. AHaTI3yIOUH MOJBIPU3AIHY XapaKTEePUCTUKY MOYKHA OTpPUMATH
MPOCTHI BHpa3, SIKUH MOB'SI3y€ €MHICTh IPH T'aJIbBAHOCTATHYHOMY PEXHMI pO3psLy 3
BEJIMYMHOIO CTPYMy [, , IO IPUIIAJA€ HA OJUHULIO MAaCU aKTHBHOI pEYOBHHU

3
0-0,1-L 1437[ LGP £‘f RN )
1) v p \rn )1,

Tyt O, — MaKkcHUMabHa TEOPETHYHA E€MHICTh eleKTpona, F — unucino Papages. Ilapa-

METPH 3TPYIIOBaHi B MEPIIMX KPYIIIMX AY)KKaX, XapaKTepu3yloTh (Di3MKO-XiMi4HI Bjiac-
THBOCTI TBEPIOTO pearcHTy Ta eJeKTpoxiMmiunoi peakmii. Lle — po3umHHICTE ¢), KOe-
¢imierT mudysii D, MiTBHICTE TBEPIOTO PEareHTy O, a TaKOX YHCIO EIEKTPOHIB, IO
MEPEHOCATHCS B IPOIECI CIIEMEHTAPHOTO aKTy eJICKTPOXIMIUHOI peakIii » Ta BiAro-
BiTHHI CTexioMeTpu4Hui KoedimieHT v. [lapameTpn B HACTYIMHHX KpPYTIHX ITyXKKaxX
XapaKTepu3ylOTh II0YaTKOBUH palliyc YaCTUHOK PEareHTy 7o i LIUIBHICT iX YIAaKOBKH B
MaTpumi 6 < | (BigHOIIEHHS 00cATY KpHcTana 1o 00’eMa mopu 3 Kpucraiom). Li mapa-
METpU MO’KHA 3MIHIOBaTH B TPOIIECi BUTOTOBIICHHS €JIEKTPOiB. Sk BHIHO 3 puc. 1, a i
BUpasy s Ge3pO3MIpHOTO mapamerpa ctpymy i= 1, (vproz)/ (3Fnc,D) edextuBHiCTD
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BUKOPUCTaHHs aKTUBHOro Matepiany K = Q/(Q, B €IeKTpOJi BU3HAUA€THCS AUCIIEPCHI-
ctio pearenty ([ 1/7,”) i winbHicTIO HOro ynakoBku B Matpuii (3poctae npu & — 1).

CrpaBeTMBICTh PEKOMCH[AIlH, 110 BHUILUIMBAIOTH 3 TEOpii, Ta 3iCTABICHHS 3
EKCTIIEPUMEHTOM JIa€ThCSl Ha MpPUKIaAl cucteMH aHTpaxiHoH (AQ)—caxa (CB). s
OTPUMaHHSl MIKPOKPHCTATIYHUX akTHBHUX Mac AQ-CB BukopucraHo MeTon BHCa-
moBaHHSI AQ Ha caxi [5]. Byno mocmimkeHo AeKiTbKa cax pi3HOI HACHITHOI MIUTBHOCTI
Ppa » Hampukian, caxa 4 3 p,,=0,13 r-cM° i cepenHiM po3MipoM wacTok 1,2 MKM Ta
caxa B cituacroi crpykrypu 3 p,, =0,08 reme.

Jns 3icraBneHHs 3 Teopiero (puc. 1, 6) BUKOPHCTOBYBAJIIACh TOHKI MPECOBAHI €JICK-
TpoIu 3 caxero A (mAQ imeg =1:1;m,, =32,1 mr; emextpomnit — 1 M H,SO4, 6a3oBuit
ctpyM I=1 MA; ipu I — 0 emHicTs — 26,0 Ki1 — 87% Bin Teopernunoi). IIpn po3paxyHKy
1o (2) npuitnsro: 7, = 0,25 MxM (ouineHo 3 ¢oro); 5= 0,95. IMapamerpu: p=1,33 reM s
c= 8107 Monb’n’l; D= 1,15'10’6 em> e - JTepaTypHI AaHHI.

K 5 O.Kn AQ-Caxa A

—1.0

2 () KaToa.

08 -

] Q aHo.
p—— 20 (Q anon
0.6 -
6 ——0§ Teop.

.

I, MA

25

0 2 4 [ 8 10 12 1] 25 S0 75 100 1 150

ala 6/b
Puc. 1. Q(I) XapaKTePUCTHKH po3paxoBaHi 3a (2) (a) Ta iX 3icTaBICHHS 3 CKCIIEPUMEHTOM (0)

Fig. 2. Q(I ) characteristics calculated from (2) (a) and their comparison with experiment (b)

BinxuiaeHHsS EKCIIEPUMEHTAIbHUX 3HAYCHb MPH BEJIMKHAX CTPyMax OOYMOBICHO
3HAYHOI JHMCICPCHICTIO PO3MIPIB YaCTOK Caxi Ta BIAMOBIAHOK JUCICPCHICTIO
kpuctaiiB AQ i mapamerpa o.

3 MeTor 3HaWTH onTuMaibHe criBBigHOIIECHHS AQ : CB BUTOTOBISUTH €ICKTPOAU
dikcosanoro macoro m,, =10 Mr i pi3HOI KinbKiCTIO caxi. Enexrponi 3apsmkany crpy-

MoM 0,25 MA, pospsmkamu crpymom 0,25 Tta 2,5 MA. Pe3ynpraTu ZOCIHIIKEHb €JeK-
TponiB 3 caxxamu A 1 B HaBeneHi Ha puc. 2. Buxonsun 3 eneKTpOHHO-MIKPOCKOIIYHHUX
300paXeHb CaX Ta aKTUBHHX Mac BHCOKY €MHICTh Ta EJICKTPOIPOBIIHICTH aKTHBHOI
Macld B MoxHa mosicHUTH THM, 1m0 AQ «BHCONIOBAaBCS» HE Ha IOBEPXHI Caxi SK
BHTAKY A, a IIUTHHO 3alIOBHIOE HAHOPO3MIpPHY BYTJCUEBY CITKY 3 PO3MipaMH KIIITHH
<500 1M, TOOTO peanizye OakaHuii BUAL0K, Koo 7, =0, o0 —> 1.
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Q’ MA-y-T! AQ-Caxa A TK, Ontcm! Q’ MA gl AQ-Ca)KaB K, Omrl-onl
i 10

4 5 :, x (o) .
160 : 160 ol
- 0.03 - 0.03
120 120
- 0.02 - 0.02
80 80
o]
40 001 4 = 025mA § | OV
A 250 MA
o 025 MA
0 -0 0 ’ 0
0 25 50 ¢ AQ% 100 0 25 50 ¢.AQ% 100
ala o6/b

Puc. 2. 3anexHicTh TUTOMOT EMHOCTI Ta €JIEKTPOINPOBITHOCTI aKTHBHOI MacH Bix BMicTy AQ

Fig. 2. Dependence of the active mass specific capacity and its conductivity on the content AQ
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Vadim Matveev
PEUKERT’S LAW. THEORY AND CHECKING

Ukrainian State University of Chemical Engineering, SRL Accumulator Systems,
Department of Materials Science, Gagarin Av., 8, 49005 Dnipro, Ukraine, e-mail: vvm2@ji.ua

Using mathematical description of the processes of recrystallization of solid reagents in the pores of the
electrode matrix the expression is derived that describes the capacitance dependence on the discharge current
value and that corresponds to the well-known empirical Peukert’s law. The equation shows that the efficiency
of the electrode active material is determined by the dispersion of the reagent and the packing density in the
matrix.

The theoretical characteristics is compared with the experimental data obtained on the anthraquinone -
carbon black electrodes.

Key words: Peukert’s equation, recrystallization, theory, application, anthraquinone, electrode
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AHOJHI MPOIECHU B EJIEKTPOXIMIYHOMY CHUHTE3I
METAHCYJb®OHOBOI KHCJIOTH

Hayionanenuii mexuiunui ynisepcumem « XapxiecoKuil NOLIMexXHIuHULL IHCMumymy,
Kagedpa mexuniunoi enekmpoximii, 6yn. Kupnuuoea 2, 61002 Xapkis, Ykpaiua,
e-mail: olenkal2578@gmail.com

Mertancynbdonoba kuciota (MCK) — cuibHa opraHiyHa KHCJIOTa siKa 3aCTOCOBY-
€TBCS SIK KaTajli3aTop peaklii HiTpyBaHHS, eTepu(ikallii, alKiIyBaHHs, HOJIMepU3alii
onediHiB, a TaKOX BUKOPHUCTOBYETHCS Ul NPUTOTYBaHHS EJIEKTPOJITIB, B XiIMiuHIH,
CJIEKTPOHHIH Ta paJiOTeXHIYHOI rajly3sX MPOMHUCIOBOCTI 1 TP OTpUMaHHI (hapManeBT-
tnaHEX npemnapatis. MCK oznepxytoTh XiMIYHUM 1 eleKTpoxiMidHnM MeTtoxamu. MCK
TPAIMLIITHO OTPUMYIOTh XIMIYHUM CHOCOOOM — IIUISXOM OKHCHEHHS JUMETHIUCYIIb-
¢iny cynapdarHOO KHCIOTOR. OCKIIBKH mel MeTox morpedye MOAAaTKOBHUX BHXIiITHUX
PEYOBHH KiHIIEBUH MPOIYKT 3a0pYIHIOETHCS HUMHU. AITBTEPHATHBHOIO € €JICKTPOXiMidHa
TexHouoris. CHHTe3 MeTaHCYIb()OHOBOI KUCIOTH BigOyBa€eThCs MiA Yac mepediry aHox-
HOI peakuii — okucHeHHs numermicynbhokenay (AMCO). Cunre3 MeraHCcylb(pOHOBOT
KHCJIOTH TIepedirae npu BUCOKUX 3HAYCHHIX aHOAHOTO MOTEHIany (OLIbll ITO3UTHBHUNA
3a 1,8 B).

3acTocyBaHHsl ejleKkTpoximiuHoro merony okucHeHHs [IMCO no3Bossie KepyBaTtu
npouecoM. EnexrponHi npouecu, mpu enekrpoximiunomy cunte3i MCK nocmimpkyBanu
MeTosoM BosbTamirepomertpii [1]. [Tapamerpamu kepyBaHHS €: MOTEHIial aHOJY, KaTa-
JMTHYHA aKTHBHICTh MaTepiady aHOAy, TEeMIepaTypa eJICKTPOJITy, MPOMOTYIOWi Ta
iHTi0y¥0Ui JOOABKH B €IIEKTPOTIT.

Bopni po3unan [IMCO MaroTh HU3BKY IUTOMY IIPOBiTHICTE. SIK QoOHOBHI eneKTpo-
it GyB BUKOpHCTAHMIT BogHM# po3unH 0,2 Mok M~ H,SO,. Pos6apneni posuunn cip-
9aHO! KMCIIOTH MAlOTh BHCOKY cTa0inpHICTh. CynbdaT i0HM TakuMX pPO3YHMHIB HE Miaa-
I0TBCSL OKHCHEeHHI0. B BogaOMYy pozumni IMCO, mo mictuts 0,2 MOJIB M > H,SO,, Ha
IUIATHHOBOMY aHOJI, MepediraoTh CyMIillleH] ITPOLIECH BUALICHHS KUCHIO Ta TIEPOKCHIY
BojHIO. [Ipy BUAIICHH] IMX PEYOBHH, Ha IIOBEPXHI aHOy OyIyTh yTBOPIOBATUCH KUCEHB
BMICHI YaCTKH paauKanbHoro tuiy. L{i yactku npuiiMyTh y4yactsb i B okucaensi JIMCO.

JMCO oxucHroeThcs cTymninyacto, Ha nepiromy cryreHi (CH;3),SO OKUCHIOEThCS 110
(CHj3),S0,, a Ha npyromy (CH;),SO, okucHioeTsest 1o CH;SOzH [1, 2].

[Tpu nonasanni JIMCO B doHOBHIT enekTpoiiT OyJI0 BUSBICHO MOSBY HAIIBXBIII Ha
OUKITIYHIX BOJBTAMIICPHUX 3aIeKHOCTIX (puc. 1) B obmacti moreHmianis 1,5...1,8 B.
3HaveHHsA TPaHUYHOI I'YCTHHH CTpyMy B obOnacti morennianis 1,5...1,8 B 3anexurs Bin
koHueHTtpauii IMCO. Pi3Huns Mixk MIBHIAKOCTSMHU MPSMOTO Ta 3BOPOTHOT'O XOJY ITOJIS-
pHU3alifHUX 3aJeXHOCTeH BKa3ye Ha 3HAYHWH BIUIMB aJCOPOLIMHMX IPOIECiB HA MO-
BEPXHI INITATHHOBOTO aHOLY.

I'panmuna ryctiaa ctpymy okucHenHs JIMCO B obGmacti morenmiamis 1,5...1,8 B
BiJINIOBiJa€ MepIIIiii CTymeHi OKUCHEeHHs 10 auMeTmicynbpony (AMC). Hassricts IMC
B po3umHax micis enexrpornizy AMCO npu morenmianax 1,5...1,7 B migTBepmkeHo pe-
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synpratamu [U-ciekrpockomnii. Ha Y criektpax Oynm BUsIBIICHI XapaKTEpHI CMYyTH I10-

. . . o . . -1 o .
rauHaHHA, BianoBigai O=S=0O rpymi B obnacti yactor 1420-1000 cm i S=O rpymi B
o6macti wactor 1225-980 cm .

[TigifoM TyCTHHU CTPYMy Ha BOJNBTAMIIEPHHX 3aeXHOCTIX okucHeHHs JJMC B MCK
croctepirases npu noTeHmianax sume 1,87...1,89 B (puc. 1). IlopiBHSIHHS X0Iy BOJBT-
aMIepHUX 3aiexHocTei 06e3 Ta 3 momaBanHA JIMCO Bkasye Ha CyTTeBe 30iTbIICHHS
aHOJ/IHUX TOTEHIIiaiB.

0.2 1

0,16 -

0,12 -

i, Afcm?

0,08 -

0,04 -

0
0.8

Puc. 1. [ukiivHi BOTbTaMIIEPHI 3aJIC)KHOCTI Ha MJIATHHOBOMY aHoi B 0,2 Mon1>~)1M’3 H,SO,
6e3 no6asku (1) i 3 nobaskoro JIMCO (MonbaM™): 2—1;3-3,4 -4

Fig. 2. Cyclic volt-ampere dependences on the platinum anode in 0.2 mol-dm H,SO, without
additive (1) and with the addition of DMSO (mol-dm™): 2 —1;3 - 3,4 — 4.

OpnepixaHi 3aJIe)KHOCT] JJO3BOJISIIOTH TOBOPUTH MPO MPOTIKaHHS NPOLECY OKUCHEHHS
JMCO no MCK uepe3 npomixkHy crafito yreoperHs: JIMC. OTpumMaHi 3aexHOCTI 10-
3BOJIMIIM OOIPYHTYBATH Jiala3oH poOOYMX T'YCTHH CTPYMY ISl IPOBEICHHS EJIEKTpPO-
ximigHoro cuHTe3sy AMC Ta MCK. Ilpm mpoBencHHI €NeKTpoiizy B AiagparMOBOMY
enexTpoisepi npu ryctusi ctpymy 100...250 A-M "~ IPOAYKTOM aHOAHOTO Hpoiecy 6yB
JMC 3 Buxoznom 3a ctpymoM 37%. HasBricte MCK He Oyina 3adikcoBana.

Ipu enextpomisi 3 rycturo0 crpyMy 600...800 M-A > Gyna orpumana MCK 3 Buxo-
1oM 3a ctpymoM 64 %. EdexrusaicTs enekrpoximiunoro cuaresy MCK migsumnryBanacs
3 POCTOM TEMIEpaTypH EJCKTPOIi3y. 3pOCTaHHSI TEMIEpaTypH EICKTPOJITY CHPHSIIO
3HID)KEHHIO TIMTOMOI BUTPATH €IEKTPOCHEPTii.
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MCK Buminsim 3 eIekTpodiTy npu oxonomkeHHi qo 278...300 K. MCK Bunanas B
ocan y BUMIIsAlI 0e30apBHUX KPHCTAJIB, SIKI BIIIISUTM BiJl MAaTOYHOTO PO3YMHY (ijb-
TPYBaHHSM, 3 HACTYIIHUM IPOMHUBAHHIM JUCTHJILOBAHOIO BOJOIO IIPW TeMIeparypi He
Bumie 278 K. Marounuit po3uns, micis noHacwdeHHs o JJMCO Bigmpamisiin Ha Ha-
CTYHHUH LIUKJI ENEKTPOITI3Y.

Kpucramm MCK 3HeBomHIOBaNM 3 BUKOPUCTAHHSM KOHIICHTPOBAHOI CipyaHOI KHC-
motu. OguieHi Kpucrany aHaiizyBanu Meroaom [Y cnekrpockomii. Ha [4 cnexrpax Oy-
JIY BESIBIICHI XapaKTepHi CMYTH MOTIMHAHHS, BigmoBigai O=S=O0 rpymi B 001acTi 9acToT
1030-1092 cm ' i OH rpymu B oGmacti yactor 29423031 cm .

[Tokazana MoxMBICTh enekrpoximiuHoro cuaTedy IMC i MCK 3 BogHHX pO34MHIB
JAMCO. TIlporikauus mpouecy okucuenus JIMCO go MCK uepe3 mpoMmikHy cTaiiro
yrBopennss JIMC. B oxucnenni JJMCO i IMC mnpuiiMaroTh y4acTb KHUCEHb BMICHI
YaCTKH paJMKaJIbHOTO THILy, 1[0 YTBOPMJIMCH Ha IOBEPXHI INIATHHOBOTO aHoxay. Bera-
HOBJICHO, IO NPH BHUKOPHUCTAHHI IVIJIKOTO IUIATHHOBOTO aHOJA, IPH T'YCTHUHI CTPyMY
100...250 M-A™* €IMHIM TIPOLYKTOM aHOIHOTO Hporecy 6y JIMC 3 BHXOIOM 3a CTpy-
Mom 37 %, npu ryctuni ctpymy 600...800 M-A~ Gyna orpumana MCK 3 Buxozom 3a
ctpymoM 64 %.

1. Mampynuux O. JI., Tynockuii I. I'., Jlewenxo C. A., Tynvckaa A. I'., Pymkoeckas E. C. Pa3pa-
00TKa TEXHOJIOTHYECKUX IIOKa3aTeled HJIEKTPOXMMUYECKOTO CHHTE3a MeTaHCyJIb()OoHOBOH
KucnoThl // COBpeMEHHBIE JJIEKTPOXUMUYECKHE TEXHOJIOTMU U 00OpYNOBaHME @ MaTepHaJIbl
NOKJ1anoB MexyHapoaHON Hay4HO-TeXHH4YecKoi koHpepenuun. — Munck : BI'TY, 2017. —
C. 321-325.

2. Axmedoe M.A., Xuoupos LII.11I., Kanaposa M.IO., Xubues X.C. DIEKTpOXUMHUECKHNA CHHTE3
METaHCYIb()OKUCIOTH U3 BOXHBIX PacTBOPOB IuMeTmwicynbdona. // W3B. By3oB. Xumus u
xuM. Texaonorus. —2016. — T. 59, Beim. 12. — C. 100-106.

Olha Matrunchyk, Alena Tulskaya, Svetlana Deribo, Serhii Leshchenko

ANODIC PROCESSES IN THE ELECTROCHEMICAL SYNTHESIS
OF METHANESULFONIC ACID

National Technical University “Kharkiv Polytechnic Institute”’, Department of Technological Electrochemistry,
Kyrpychova Str., 2, 61002 Kharkiv, Ukraine, e-mail: olenkal2578@gmail.com

Synthesis of methanesulfonic acid occurs during the course of an anode reaction — oxidation of dimethyl
sulfoxide (DMSO). The application of the electrochemical method of oxidation DMSO allows you to control
the process. The control parameters are: the potential of the anode, the catalytic activity of the anode material,
the temperature of the electrolyte, promoters and inhibitors in the electrolyte. Voltamperic dependences of
methanesulfonic acid from dilute solutions of DMSO with background with sulphate acid were contemplated.
The emergence of a half-wave at cyclic voltammetric dependences and the dependence of its limiting current
density on the concentration of DMSO indicates the occurrence of adsorption processes. We can talk about the
process of oxidation of DMSO to methanesulfonic acid through the intermediate stage of the formation of
dimethylsulphone. The possibility of electrochemical synthesis of methanesulfonic acid in a diaphragm
electrolyzer with the ratio of the anode current density to the cathode 20:1 is shown.

Key words: methanesulfonic acid, dimethylsulfone, dimethylsulfoxide, electrochemical synthesis.
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CIWIIAIA XPOMY: METO/IA OJIEPKAHHS TA OKCUJAIIMHA
3JATHICTb
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ZYHieepcumem «Ykpainay, eyn. Jlveiecvka, 23, 03115 Kuis, Ykpaina

3Bidencokuii ynisepcumem, Yuisepcumemcpine, 1, 1010 Bidens, Ascmpis

JlocimKeHo KiHeTHYHI ITapaMeTpH YTBOPEHHS 1 BIaCTHBOCTI MOKpuBiB MSi, (M =
Cr, Mo, W) nipu 6e3cTpymoBOMYy qu(y3iifHOMY HACHUYEHHI CHIIILIEM BaXXKOIUIABKUX Me-
TaNiB Y XJIOPUAHO-(QTOPUAHUX po3IriaBax. [Ipu CHHTE31 CHITIIAIHUX TTOKPUBIB METOAOM
0e3CTPYMOBOTO IIEPEHECEHHs KPEMHII0 Ha IOBEPXHIO METAJEeBUX IUIACTHHOK XPOMY B
rajgoreHinHomy posmiasi BukopuctoByBau cucteMu NaCl-KClg,-NaF(20 mom.%)-
Na,SiFg(5 mM01.%) Ta NaCl-KCl,,-NaF(20 mMo1.%)-Na,SiF(10 M01.%) 13 momaBaHHIM
MOPOILIKY KpeMHito (20Moitb.% Bia Macu BCi€l cyMili).

KineTnky yTBOpEHHsS HOKPHBIB CHIIILUAIB NMpH IUQY3iHHOMY HacH4YEeHHI MeTaliB
VI-B rpynu cunimiem B posmiaBi NaCl-KClg,,-NaF(20 moi.%)-Na,SiF¢(5 mon.%) +
20 mMon.% Si Oyino JOCIHIIKEeHO METOJOM rpaBiMeTpii. SIK KiIbKICHY XapakTepHUCTHKY
Iudy3ifHOr0 HacW4EHHS BUKOPHCTOBYBAJIM 3MiHY MAacH JIOCHIJPKYBaHMX 3pa3KiB Ha
omuHUIO o nosepxHi (P) mporsarom 3amanoro wacy. PesynpTaTé ekcrepuMeHTIB
ANPOKCHMYBAJIH PiBHAHHAM:

P=ky1", 1)
e T — TpHuBaiicTh mpouecy, rox; k, — KoHCTaHTa mBHAKOCTI mporecy (r/(cM*xrox”));
n - MOKa3HMK cTeneHs. Po3ciloBaHHS eMITipUYHUX 3Ha4eHb P BiIHOCHO KpWBOI (PiBHSH-
Hi (1)), 10 OmNHCYy€E eKCIIEpUMEHTAIbHY 3aJIeXKHICTh, OL[IHIOBAIN BEJIMYMHOIO BiJHOCHOI
noxubxu (AP/P, %).

[TapabomiuHa 3aeXxHICTh 3MiHM TMTOMOI MacH BiJ yacy nudysiiinoro nHacuuenns Cr,
Mo i W cunimiem y cuctemi NaCl-KCl.;-NaF(20mo1ms.%)-Na,SiF¢(5Momp.%) Ta 3Ha-
YeHHS MTOKa3HHUKA CTENeHs 7 piBHAHHA (1) Mg BCiX TOCTiKYBaHUX cuCTeM Onm3bko 0,5
CBiZUaTh, IO JIMITYIOUOIO CTai€lo Tporecy € audysis atomiB Si B TBepait dazi. 3Had-
Himre 301MbIIeHHsT MacH 3pa3kiB mpu Temmeparypi 1073 K Bka3ye Ha 3pocTaHHS IIBHIKO-
cTi qudy3ii aTomiB Si 3 HiIBUILEHHSIM TeMIIEpaTypH.

BusiBieHo, 1110 B yMOBaX €KCIEPUMEHTY Ha MOBEPXHI XpOMOBOT IJIACTHHKH YTBOPIO-
€ThCS ICKIIbKA CTPYKTYPHHX 30H, SKi BiIPiI3HSIOTHCA 3a CKiamoM. CHITIIUIN 13 HU3BKHM
BMmictoM KpemHito CrSi, CrsSi; ¢opMyroTbecst Oiimkde 10 MeTajeBOl OCHOBH, TOAI SIK
cunitmy CrSi; ¢popMyeTbes Ha NOBEpXHI XpoMy. TOBIIMHA CHIIIMIHOTO IApy CTaHO-
BUTH OJIM3BKO 70 MKM.

[ToxazaHo, Mo Ha MOBEpXHI MONIOICHY 1 Bonbdpamy GOpMYIOThCS ITOKPUBH, T00Ope
3YerIeHl 3 METAJIEBOI0 OCHOBOIO, TOBIIMHOKIO Oiam3bK0 40 MKM 1 15 MKM, BiAITOBiZHO.
BcranoBieHo, Mo Ha MOBEPXHI MOIIOAEHY 1 BOMB(paMy YTBOPIOIOThCS OXHO(A3HI -
¢y3iiiHi mapyu. ATOMHE CHiBBiZHOIIEHHS METANy i CHIIINiI0 1O BCiif obmacTi crminua-
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HOTO TIOKPHBY CTaHOBHTH 01M3bKO0 33 aT. % 1 67 a1.%, BinnosiaHo, mo Bianosigae ¢op-
Mmyai cuninuay MSi, (M = Mo, W).

Jns omiaku mBuakocti maudysii B cuctemax M-Si (M = Cr, Mo, W) o0uunciero

koedimient nudysii (D):
D = d¥/4r, ®))
e d° — TOBIIMHA TIOKPUBY (CM), T — TPHBAIICTh EKCIIEPUMEHTY (c). 3HaueHHs D s cHc-
temu Cr-Si cramoButh 3,5%107 em*/c, mis Mo-Si — 1,85x107 em’/c, mix WSi, —
0,69x107 cm*/c. OTxe, MBHAKICTH TUDY3iiHOrO HACHYEHHS CHIIieM XpoMy y 2 pasu
Oimpia, HiX MOmiOAeHy Ta y 5 pasiB Oinbmia, HiX Boib(ppamy. BcraHOBICHO ONTH-
MaJbHE CIiBBiAHOIICHHS KOMIIOHEHTIB PO3IUIaBY 1 TPHUBATICTh EKCIIEPUMEHTY, TIPU STKUX
yTBOPIOETHCS ogHOGa3zHuit mokpuB CrSip. 30UTBIICHHS B pO3IUIaBi YaCTKH (PTOPCUITIKATY
Hatpito (Na,SiF¢) mo 10 mo1.% Ta TpuBaIoCTi eKCIEPUMEHTY He OiTbIe § ro1 IpUBOIH-
710 10 opMyBaHHS 0HO(DA3HOTO OKPUBY CHIIIIIUIY, TOBIIHHO On3bko 19 miwm. [Ipu
TPUBAJIOCTI EKCIIEPUMEHTY TIOHA]| 8 TOJI, MXK METaJICBOI0 OCHOBOIO XpOMY 1 IIApOM JIU-
cuninuay Gopmyersest map cuinuay CrSi TOBIIMHO > 1 MKM, 10 MOXKe OyTH TIOB’s-
3aHO 13 3HMKEHHSM KOHIeHTpauii ¢propcuiikary B po3iiasi. [Ipu ogHouacHiil HasiBHO-
cTi B posmuiasi ioniB SiFg’ i enemenTapHOro Si BifGyBaeThes peaxilis PeHpoOHOPIIOHy-
BaHHS 3 yTBOPEHHSM HOHIB HIDKYOIO CTYIeHs OKMCHeHHs SiF,”:
Si+ 2F + SiF¢> < 2SiF,>. 3)

Ha nosepxHi Metany itonn SiF,> mucnponopriionyroTs 10 SiFs” i enementapsoro Si
(4), sxuii andyHAyEe B TOBEPXHIO XPOMOBOI IUIACTHHKH, yYTBOPIOIOUM 3 HEIO CIUIAB
CHITIIUAY XPOMY:

2ySiF,* + xCr — Cr,Siy + 2yF + ySiFg”. “)

[TixBumeHHs BMicTy QTOpCcHIiKaT-HOHIB y PO3IUIaBl MPUCKOPIOE TIEPEHECEHHS! CHITi-
Iif0 10 TIOBEpXHiI Xpomy. BinmoBinHO, MiABHINYEThCS IIBUAKICTh Auy3ii aTromiB Si B
TBepHiil (azi, mo € Jyxe BaXIUBUM Ha IMOYATKOBIA CTamii yTBOPEHHS CHITIIHAIHOTO
mokpuBy. OCKITBKH BimOyBaeTbes B3aeMHa AM(Dy3is Kpi3h map CHIIIHIY: aToMiB Si B
HamnpsIMKy J0 METaJIEBOi OCHOBH 1 aTOMIB XpOMY B HPOTHJIC)KHOMY HAIpPSIMKY — IOKPHB
(dopMyeThCS Ha TOBEpxHI MeTaly. Y cucremax Mo-Si Ta W-Si mBuakicts audysii ato-
MIB METaJIiB € HabaraTo HWKYOIO MOPIBHSIHO 13 MBUAKICTIO HU(Y3il aTOMIB CHIIIIIiO, 110
MOSICHIOETHCS IUIBHIIIO CTPYKTYporo Mo i W.

3 MEeTOI JOCII/PKeHHS! 3aKOHOMIPHOCTEH YTBOPEHHS CHIIILMJIIB XpOMY BiJHOBJICH-
HSIM XpOM- 1 CHJIILI€BMICHHUX croiyk akTuBHMMHU Metanamu (K, Na, Mg, Ca) B Temre-
parypHomy iHTepBani 873—1273 K mpoBeeHO TepMOIMHAMIUHI PO3PaXyHKH 3HAYEHHS
3miHu eHeprii ['i60ca (AG) 3a cXeMOr0 peakiii:

xCrCl; + ySiF, + (3x+4y)M = Cr,Si, + 4yMF + 3xMCl, &)

ae M=K, Na, Mg, Ca, Cr,Si, = Cr3Si, CrsSi;, CrSi, CrSi,. BcranoieHo, mo 3MeH-
IICHHS 3HaYeHHs 3MiHM eHeprii ['i00ca BimOyBaeThcs B pamy: Mg>Ca>Na>K i3
30UTBIIICHHAM TEMITEPATypH IS BCIX CHITIIUAIB, IO TOSICHIOETHCS TTOJIOKEHHIM [INX Me-
TaNiB-BiTHOBHUKIB y pAOy AKTUBHOCTI MeTamiB. 3a 3MCHIICHHSM 3HAYCHHS 3MIiHU
eHeprii [i60ca cmmimuau po3ramoBaHi y TakoMy mopanky: CrSip > CrSi>
CrsSi; > Cr3Si. Buxonsuu i3 pe3ynbTariB TEpMOJMHAMIYHUX PO3paxyHKiB BCTAHOBJICHO,
mo i3 30UIbIIEHHSAM BMICTY Si y CKiIail CWIIMIY TEepMOJIUHaMiuHa HMOBIPHICTBH
YTBOPEHHS CIIOIYKH 3HUKY€ETHCS.
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[Tpn cuHTE31 CHIIIMIIB XpOMY METOJIOM CHUIBHOTO BiJIHOBJICHHS XpOM- 1 CHIILiE-
BMICHHX CHONYK $IK BuXimHi peareHTn BukopuctoByBamm CrCl; i Na,SiFs, yzati y
cTexioMeTpudHHuX criBBigHOmeHHsx 3:1, 5:3, 1:1 ta 1:2. SIk aKTHBHHX METaNiB-Bif-
HOBHHKIB BHUKOPHCTOBYBAJIHM MeTalliuHi HaTpiii i maraiid. [lokasano, mo audpaxmiiiai
KA TPOIYKTIB, OTPUMAHUX METATIOTEPMiYHIM BiTHOBJICHHSM, BiIIOBITAIOTH CIIOTyKaM
Cr;Si, CrsSi3, CrSi ta CrSi,. Pesynprati mocnimkeHHS MiKpOCTPYKTYPH MOPOIIKIB Me-
tonqoM TEM nokasanu, 1o po3mip YaCTHHOK CHJIIIKIIB, OTPUMaHHX METaIOTEPMIYHUM
BiJTHOBJICHHSIM, CTAHOBUTH 1-3 MKM B JiameTpi.

TakuM 4MHOM, BCTAHOBJIEHA KOPEJIALisS MK po3MipaMH YaCTHHOK CHJIIMIIB Ta MPH-
POZIOI0 MeTalla-BiJTHOBHUKA CBIIYHTBH, II0 BAKOPUCTAHHS HATPIIO B PEAKIisIX BiJIHOBJIEH-
HSl XpOM- 1 CHJIILIIEBMICHUX CIOJIYK CIIPUSIE IMiJBUIICHHIO TUCIIEPCHOCTI YaCTHHOK OTPH-
MaHOT'0 HPOJYKTY.

Pesynbratn TepmorpasimerpuyaHoro ananizy (TT'A) mokazanwm, mo macu 3pas3KiB 10
temrepatypu 873 K He 3MmiHIOI0THCS. 30U1bIIeHHST MacH iHTepBami Bix 873—-1273 K mis
mopomkiB CrSi,, OTpAMaHUX €IEKTPOII30M 1 HATPIMTEepMiYHIM BiTHOBIICHHSM CTaHOB-
116 5,1 %, Ta 4,7 %, BiANOBIAHO, @ TOKPUB, OTPUMaHHUH 0E3CTPYMOBHM NEPEHECEHHIM
— 5,8 %. Ha xpuBux mudepenniansaoi ckanyrodoi kamopumetpii (JICK) cmocrepira-
€TBhCS OJMH 3HAYHUK ex3oTepMiunui mik npu 1073 K 1 mopomKy TUCHITIIIITY XpoMy
OJICP)KAHOT0 EJICKTPOIII30M, TOI SIK ek3oTepmiunwmii ik Ha JICK xpusiit B obmacti 973 K
crocTepiraeTbess npu AociikeHHi 3pas3kiB CrSi,, oTpuMaHUX OE3CTPyMOBHM II€peHe-
CEHHSIM Ta HaTpiiTepMiuyHuM BigHOBJICHHAM. Kopemoroun mani kpuBux TI'A i1 JICK,
BCTaHOBJICHO, 10 OKMCHEHHs Mopoiky CrSiy, OTpUMaHOro eJIeKTPOoIIi3oM BiIOyBa€eThCs
npu Temneparypi 6mmspko 1073 K, Toni sik Temneparypa OKHCHEHHS 3pa3KiB, OTpHUMa-
HUX OE3CTPyMOBHM II€PCHECEHHSIM Ta HATPIHTEpPMIYHUM BiIHOBJICHHSM, CTAHOBHUTH
973 K. OKncHeHHs JTUIIe He3HAYHOI YacTHHU MOBEpxHi 3pa3kiB CrSi, MOXKHA ITOSICHUTH
YTBOPEHHSIM Ha iX MOBEpXHi 3axucHoro mapy SiO,, IO NMEepemKoKae MOJAIBIIOMY
OKHCHEHHIO CHJIIIHIY.

Liliia Molotovska', Dmytro Shakhnin®, Viktor Malyshev”z, Julius Schuster®
CHROMIUM SILICIDES: OBTAINING METHODS AND OXIDATION ABILITY

'V.I. Vernadsky Institute of General and Inorganic Chemistry of National Academy of Sciences of Ukraine,
Palladina Ave., 32/34, 03142 Kyiv, Ukraine, e-mail: viktor.malyshev.igic@gmail.com

2University “Ukraine”, Lvivska St., 23, 03115 Kyiv, Ukraine
3University of Vienna, Universitatsring, 1, 1010 Vienna, Austria

As aresult of study of processes of currentless diffusion saturation and metallothermic reduction, synthesis
conditions for obtaining of chromium silicides in the form of superfine powders and coatings were found.

Key words: chromium, silicon, silicides, currentless diffusion saturation, metallothermic reduction,
superfine powders, electrochemical synthesis.
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Hybrid supercapacitors with nickel hydroxide electrode [1] are widely used as mo-
dern power sources for starting and working of different types of electric engines as well
as for support of computer and equipment continuous work. Mechanochemical active-
tion [2] or synthesis [3, 4] are one of the ways for obtaining of Ni(OH), with advanced
characteristics The main aim of this work is to propose the solid state mechanochemical
synthesis of nickel hydroxide with improved electrochemical activity by low energy
activator with using hydrated or anhydrous precursor. Ni(OH), samples, synthesized by
mechanochemical method, have been investigated by PXRD, TG, DSC, SEM, EDX,
cyclic voltammogramm and galvanostatic charge-discharge cycling.

By means of PXRD, TG, DSC it has been established that material obtained by
hydrate and anhydrous synthesis is f-Ni(OH),. By means of PXRD it has been proved
the formation of nickel hydroxide directly during of mechanochemical synthesis and has
been shown obtaining of 4Ni(OH),"NiOOH. When double amount NaOH was used,
NaNiO, formation was detected.

It was detected that hydrate synthesis sample is sodium-doped Ni(OH), with nano-
thickness hexagonal particles, anhydrous synthesis sample is sulfate-doped Ni(OH), with
spherical morphology. Cyclic voltammograms exhibit the higher electrochemical
activity of the pure Ni(OH), sample prepared by twice longer anhydrous synthesis, and
Ni-Co and Ni-Al hydroxide samples prepared by anhydrous synthesis from sulfate
precursors . By means of the galvanostatic charge-discharge curves, the specific
capacities of the samples have been calculated. It was show highest specific capacities of
the pure Ni(OH), sample prepared by twice longer anhydrous synthesis and Ni-Co and
Ni-Al hydroxide samples prepared by anhydrous synthesis from sulfate precursors:
802.7,1332.8, 1072.2 F/g at 1-2 C and 196.7, 447.4, 404.8 F/g at 15-20 C respectively.
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Dischargeto E=0V W Hydrated Synthesis

B Unhydrous Synthesis
W N6 double alkaly
a7 Ni-Al it hydr

o B NeB Ni-Conitr hydr
N Ni-Al nir unkrydr
' a0 Ni-Co it unhydr

N1 Ni-Co sulf unhydr
Mol 2 Ni-Al sulf unhydr

10 00 500 00 mam2

Fig. 1. Specific capacity of Ni, Ni-Co and Ni-Al hydroxide samples, synthesize by
mechanochemical solid state synthesis, F/g

Puc. 1. Ilutoma emHicTs 3pa3skiB rigpokcuniB Ni, Ni-Co ta Ni-Al, no0ytux
MEXaHOXIMIYHIM TBepaodazHuM cunre3om, O/r
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Fig. 2. Regone Diagram for Ni, Ni-Co and Ni-Al hydroxide samples, synthesize by
mechanochemical solid state synthesis

Puc. 1. liarpama Perone mis 3paskiB rigpokcuniB Ni, Ni-Co Ta Ni-Al, 100yTHX MeXaHOXIMiYHUM
TBep0 (Ha3HUM CHHTE30M

It was shown that the solid state mechanochemical synthesis, especially from sulfate
anhydrous precursor, is perspective method for obtaining of the different nickel
hydroxides as advanced materials for supercapacitors implementation.
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TBEPJIO®A3HUI MEXAHOXIMIYHHI CHHTE3 Ni, Ni-Co TA Ni-Al
I'TAIPOKCHUAIB 3 KPUCTAJIOT'TIPATHHUX TA BE3BOJHUX ITPEKYPCOPIB
AK AKTUBHUX PEYOBHH I'lbPUIHUX CYIIEPKOHJAEHCATOPIB

1 . . o .. . o .
JBH3 « Yxpaincekuii Oepacagnuil XiMiko-mexHon02i4Huil yHieepcumempy,
Kageopa ananimuynol Ximii ma XiMiuHOi mexHono2ii xapuoeux 006a8oK i KOCMemMUYHUX 3aco0is,
npocn. I'acapina, 8, 49005 quinpo, Ykpaina, e-mail: n_nikolenko@ukr.net

2 .. . Lo Lo . .
JIBH3 « Ykpaincokuii Oepocagnuil XiMiKo-mexHono02iuHull yHigepcumemy, kageopa npoyecie, anapamis ma
3aeanvHoOi Ximiunoi mexnonoeii, npocn. I'aeapina, 8, 49005 /[uinpo, Yrpaina

3 o o . . ..
Bsimcvkuil depoicasnuil ynisepcumem, kagheopa mexuonoeii HeopeaniuHux pevogun ma eneKmpoxXiMiyHux
supoonuyms, eyn. Mockoscwvka, 36, 610000 Kipos, P®;

*IIBH3 « Vipaincoruii depaicasnuil ximiko-mexuonoziunuii yuieepcumemy, kagpedpa mexronoaii
Heop2aniunux peuosun ma exonoeii, npocn. I'azapina, 8, 49005 [ninpo, Yxpaina

Ortpumani 3pasku Ni, Ni-Co Ta Ni-Al rigpokcuaiB MexaHOXIMIYHUM TBepaO (a3HUM cuHTe30M. [lokazaHo,
10 [P BUKOPUCTAHHI KPUCTAIOTIApaT HU3 NPEKypcopiB nae HaTpiii-nonosanuii Ni(OH), 3 rekcaroHaabHUMU
YaTHHKaMH HaHO-TOBLIMHU. BukopucTanHs Ge3BOJHUX MpeKypcopiB nae cyibbar-gonoBanuit Ni(OH), cde-
puuHoi hopmu. Metonom LIBA moka3ano BHCOKY eneKTpoxiMiuHy axTuBHicTh unctoro Ni(OH), ta Ni-Co i
Ni-Al rizgpokcunis, 1o0yTHX i3 CyabhaTHUX Oe3BOAHHUX NPEKypcopiB. MeTooM 3apsaAHO-PO3PSIIHOTO IUKITIO-
BaHHsI [IOKa3aHO HaiBUILi muToMi eMHOCTI rcToro Ni(OH),, 1o6yroro 6e3Boauum cuate3om Ta Ni-Co i Ni-Al
TipOKCUAIB, H0OYTUX i3 cynabhaTHux 6e3BogHUX mpekypcopis: 802.7, 1332.8, 1072.2 d/r (1-2 C) Ta 196.7,
4474, 404.8 ®/r (15-20 C) BignoBinHo. IToka3aHo, 1m0 TBepAO(a3HUI MEXaHOXIMIYHUI CHHTE3, OCOOIMBO
IpH BHKOPUCTAaHHI CYIb(MATHUX MPEKYPCOPIB, € MEPCHEKTHBHUM [UISl OTPUMAHHS TiAPOKCHIIB HIKEIIO SIK
IIPOABUHYTHX MaTepialiB IriOpUAHHUX CyNepKOHIEHCATOPIB.

Kniouosi  crosa: MexaHOXiMiuHMA TBepaO(ha3HUil CHHTE3, TIAPOKCH] HIKEII0, ITMTOMAa €MHICTb,
CYIEPKOH/ICHCATOP, HAHOPO3MIiPHICTb.
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VJIK 621.357.2
Cepziiit HECTEPEHKO', /1eonio BAHHIKOB?

JOCILIXKEHHA PO3YUHIB MUIII’AKOBO-COJ0BOT'O
CIPKOOYHIIEHHS METOJIOM ITAKJITYHOI BOJIbTAMIIEPOMETPI{

1 . . . . . . . .
Xapriscokuil HayioHanbHuil yuieepcumem micbko2o cocnooapemesa imeni O.M. Bexemosa,
Kagedpa ximii, eéyn. Mapwana basxcanosa, 17, 61002 Xapxis, Yxpaina,
e-mail:nesterhnamg@gmail.com

ZYKpai’HCbKuﬁ OeparcasHuti Hayko8o-0ocaionul gyeneximiunuil incmumym [AI1 « VXIH",
eyn. Becnina, 7, 61023 Xaprxis, Yrpaina, e-mail:ukhinbannikov@gmail.com

Mur’ IKOBO-COIOBUIT CIIOCIO OYMIIEHHST KOKCOBOI'O ra3y BiJl CIPKOBOJHIO IOB’si3a-
HUH 3 TPOTIKaHHSAM OKHMCHIOBaJIBbHO-BimHOBHOI peakuii (OBP) y mornmunansHOMY po3-
YHHI, TOMY 1 OCHOBHI Ipo0iieMu 00yMOBJIeHI a00 BHCOKOIO IHTCHCHBHICTIO MPOTIKAHHS
OBP, abo ii 6nokyBanHsIM. J[)1s1 BUpIMICHAS Takoi TEXHOJOTI9HOI IpoOIeMu HeoOXiIHO
KOPEKTHO 3aCTOCOBYBaTH CITOcOOM 3amoOiraHHs Bif HagMmipHOi ab0 HEJOCTaTHROI pere-
Hepanii po3unHy. /i1 TEXHOJIOTIB BaXJIMBO NMPABUIBHE TPAKTYBAHHS MEXaHI3MYy peak-
iff MHII'IKOBOTO KOMITIEKCY, TIEPII 3a BCE, 3 CIPKOBOJHEM 1 KHCHEM HOBITPS, IO 3aCTO-
COBYEThCS JUIS pereHepallii MoriMHaIbHOTO PO3YMHY. 3AaTHICTh MOTJIMHAIOYOTO PO3UH-
HY /10 OYMILEHHS XapaKTePHU3y€eThCS aKTHBHICTIO MHII'SKOBHX CIIOJYK 10 BiJHOIIEHHIO
JI0 CipKOBOAHIO. Ha akTHBHICTH BIUIMBAE, MEpII 3a BCe, TEMIIEpaTypa i BUTpara MoBiTps,
a TakoX Himud psg dakropiB. IlagiHHS aKTHBHOCTI PO3YHMHY MOXKE TPAKTyBaTUCS SIK
30UIBIICHHSAM BMICTY «KHCHEBHX» CHOJlyK Muir'sky (Hamp. NaH,AsOg) B pesynbrarti
ITiIBUIIEHOT BUTPATH TOBITPS, TaK i OJIOKYBaHHSM IPOIECy MAacOIEPEHOCY KHCHIO Opra-
HIYHAMU AoMimkamu. J{ii mepcoHary 1exy B IepIIoMy BHITAAKY OyIyTh CIIpSIMOBaHI Ha
CKOpOUYCHHSI BUTpAT IOBITPS Ha pereHeparito, abo Ha Woro 30uTbIIeHHS (Y APYroMy
BrmaAKy). Ciix 3a3HAYNTH, IO B TEXHOJOTIYHUX periaMeHTaxX IIeXiB MHII IKOBO-CO/IO0-
BOTO CIPKOOYHMINIEHHS MPOLEC TPAKTYETHCS SIK PEaKiii CHONYK MATHBAJICHTHOTO MU SIKY
3 Pi3HUM BMICTOM KHCHIO i Cipku [1-2], a B cTaHIapTU30BaHUX METOIUKAX aHATITHYHO-
r0 KOHTPOJIIO CIIOYaTKy 3alpOBa/DKYIOTh OKMCHEHHS MHII'SKY B As (V) mepen Bu3Ha-
YeHHsIM ioro B (opMi Tiocod, okciTioconi abo okcicoii. IcHye Kinbka Takux HEBiJ Io-
BIZIHOCTEH, PO3IJsIHYTUX B [3—5], @ OMH 3 KIIIOYOBHX NHUTAHb € HASBHICTH 1 y4acTh Y
npotueci abcopOuii-perenepanii Munr'sky. Jist miaTBepIpKeHHST MeXaHi3My NepeTBOPEHb
31 3MIHOIO BaJIEHTHOCTI MHII'AKY [3-5], a TakoX y 3B'A3Ky 3 aHaJi30M BHIaAKy HOTip-
IIEHHS MTPOLECY MHII'SIKOBO-COJOBOTO CIPKOOYHIIECHHS, IIPU YTBOPEHHI JIMMOHHO-)KOB-
TOTO KOJIOIZHOTO OCaay y MOTJIMHAJIBHOMY PO34YHMHI, HAMH BUKOHAHO EJIEKTPOXIMIYHHUH
aHaJI3 MOTVIMHAIOYUX PO3YHNHIB KOKCOXIM3aBOY.

HuknivHi BOJIhTaMIEpOTpaMy BH3HAYAIM 3a TOIIOMOTOI0 moTeHmioctaty EP-20 A,
aBTOMAaTHYHO KEPOBAHOTO MPOTPAMOIO0 3a JOMOMOTOI0 KOMITIoTepa. BuMipn nmpoBoannmm
B CKJISIHIM TpHENEKTPOIHIN KOMIpII 3 pO3AUICHUMH eNeKTpogamMu. SIK iHAWMKATOPHUH i
JIOTIOMDKHUH €JICKTPOIU 3aCTOCYBAIM IUTATHHOBI, @ 3HAYCHHSI €JICKTPOIHUX HMOTCHINATIB
BUMIPIOBAJIUCS LIOA0 HACHYEHOT0 XJIOpUACPiOHOTrO enekrponay. LIBuakicTth po3roptku
noteHIfiany craHoBwia 10 mB/cek. KopekTHiCTh OTpUMaHHX BOJbTaMIeporpaMm Oyja
MiATBEpAXKEHA OTPUMAaHHIM BIJIOMHUX MIKiB OKHMCHEHHS-BITHOBJICHHS CTaHJIapPTHOTO PO3-
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Fig. Cyclic voltammetry scan of an absorbent solution of arsenic-soda desulfurization process

YMHY rekcarnianodepary xanis. Ha puc. HaBeeHO MpUKIIa OUKITIYHOI BOJIBTaMIIEpOTpa-
MH POO0UYOTr0 PO3YHHY MHII'SIKOBO-COAOBOTO CiPKOOYHIIICHHS.

Ha anopmni# rinmi kpuBux imeHTH(iIKOBaHI TikK y miamazoHi 0,34-0,50 B momo cran-
JAPTHOTO BOJHEBOTO €NEKTPoxay (C.B.e.), IO BiATIOBiZae OKMCHEHHIO apceHity. Ilomib-
HUH MK OTpUMaHO Ha JyXHOMY po3unHi As,O; i pu po3umHenHi As,S; (0,35-0,55 B,
c.B.c.) [6], a Takox B ayxHOMY po3umHi As,O; (0,50 B, c.B.c.) [ 7]. Ha karoaHiii rimmi
LUKJITYHOT BoJIbTaMIeporpamMu otpumano mik npu 0,51-0,57 B. ¥V Hammx ekcriepuMeHT-
Tax Takuil MK OyB BIZICYTHiil Ha OKPEMO JIOCIIPKEHHX PO3UMHAX COAH, Tiocynbdary,
TPBOX - 1 II’SITU- BAJICHTHOTO MUII'SIKY, B TOMY YHCJIi Y TIPHUCYTHOCTI cipkoBoaHto. Lleit
IiK, MaOyTh ITOB'I3aHUH 3 BiJTHOBJICHHSIM CIPKOBMICHUX ITPOMIDKHHX IPOJIYKTIB IT’SITUBA-
JICHTHOTO MHII'IKY B yYMOBaxX po00OY0ro po3unHy. BukopucTaHHS MeTONy LHMKJIIYHOL
BOJIbTAMIIEPOMETDIi Ja€ MOXIIMBICTh BUSIBUTH HNPUCYTHICTh TPHOX BAJIEHTHOT'O MHII'SIKY
y 3pa3kax MOTIMHAIBHUX PO3YHHIB MHII'SKOBO-COJJOBOTO CIpKOOUYHIIECHHS. TpHBaeHT-
HUM MUII'SK MMITA€ThCS eNeKTPOXiMiYHOMY okucHeHHi mpu pH 7,5-8,0 y miamazosi
0,34-0,50 B (c.B.c.).

1. Kohl A. L., Nielsen R.B. Gas purification. — Houston, TX : Gulf Publishing Company, 1997. —
1395 p.
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Using the method of cyclic voltammetry makes it possible to detect the presence of trivalent arsenic in
samples of absorption solutions of arsenic-soda desulfurization process. Trivalent arsenic is subjected to
electrochemical oxidation at pH = 7.5-8.0 in the range 0.34-0.50 V (SHV).

Key words: electrochemistry, cyclic voltammetry
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BIIJINB EJJEMEHTHOTI'O 3AMIIINEHHA HA EJIEKTPOXIMIYHI
XAPAKTEPUCTHUKH CIJIABIB R;..R’.MgNi,,Co, (R, R’ =La, Pr, Nd)

Disuxo-mexaniynuii incmumym im. I'.B. Kapnenxa HAH Yxpainu,
eyn. Hayxosa 5, 79601 Jlvsis, Ykpaina, e-mail: volodymyr.oprysk@gmail.com

Hikens-metanmoriapuaai (Ni-MI') ximiuni mkepena ctpymy (XC) xapaxrtepusy-
IOTBCSI BHCOKOIO €HEPTOEMHICTIO, XOPOIIOI IHKIIYHOI CTAOUTBHICTIO, €KOIOTIYHICTIO
Ta HU3BKOIO BapTicTio [1]. SIk HeratuBHI enekrpomau B Takux XJC BHKOPHCTOBYIOTHCS
IHTepMETaJIuHI CIOJYKH, IO MOXYTh €JIEKTPOXIMi4HO cOpOyBaTH Ta JecopOyBaTH BO-
nenb. HaiiOinplie 3acTocyBaHHs Ha MPaKTHILI 3HAKWILIN eJIEKTPOAHI MaTepiaii Ha OCHOBI
cnonyk LaNis, La, ,Mg,Ni; ta La;.(Mg,Nio. 30kpema, BUSBICHO, 10 PO3PsTHA EMHICTD
crutaBy Lay Mg 3Nip sCog s Ha TaHUI MOMEHT € HaHOUIBIIOK i3 yCiX BIIOMHX Ta CKJia-
nae 410 MmA-ron/r [2]. Ilonpu 3a10BijIbHY €MHICTh KOMEPIIiiHI CIIJIaBU BCE K HE BOJIO-
IIIOTh 02XKAHOIO IUKIIYHOI cTabumbHicTIO. [TokpamieHHs MaTepiaiiB MOKHA 3IHCHIO-
BaTH 3a JIOIIOMOTOI0 €JIEMEHTHOTO 3aMillleHHs (JIETyBaHHSIM), BillIalioM, BBEICHHSIM Ka-
TanizaropiB a6o moguikamietro moBepxHi. CaMe 3aMilleHHs €JIeMEHTIB, B 3HAYHIN Mipi, 1
BU3HAYA€E BIIACTUBOCTI CIUIAaBY. TOMY aKTyaJIbHUM € JOCIHIIKCHHs BIUIMBY JIEI'yBaHHS Ha
CJICKTPOXIMIYHI XapaKTEPHUCTHKU B IEPCIEKTUBHUX IS HPAKTUYHOTO 3aCTOCYBaHHS
cucTemMax pigkicHozeMenbHHUN MeTan (P3M) — marHiit — nepexigauii metan [3, 4]. B na-
Hilf poOOTi MPEACTAaBICHO €NEKTPOXIMiuHI XapakTepucTuku (a3 ckimamy 1:1:4 (mceBmo-
6inapHi ¢aszu JlaBeca) Ta mokazano BB P3M i mepeximHOro MeTany Ha BJIACTHBOCTI
CIIaBIB.

Cronyku R.R’,MgNi, Co, Oymu oTpUMaHi METOJOM MOPOIIKOBOI MeTamyprii 3i
criaBiB-npekypcopis R;..R’.MgNi4,Co, i nopomky Mg (Alfa Aesar, 325 mesh, 99,8 %).
[Ipexypcopy cHHTE3yBalN €EKTPOAYTOBIM CIUTABISTHHM 3 gyucTuxX Metaiis (La, Pr, Nd,
Ni, Co; uuctota > 99,9 %) B atmMocdepi ounmeHoro aprony. [licis nporo BoHH Oynu
noJipiOHeHi Ta 3Mimani 3 Mg y BiJIOBIIHUX CTEXIOMETPUYHUX CITIBBIIHOUICHHSX 3 JI0-
maBaHHAM 3 Mac.% Hamuimmky Mg, o0 3amo0irTéH BIAXWICHHIO BiJ CKIamy IiC/s
crutaBisiHAs. CyMIII TIOPOIIKIB MIPECYBaIH B TAOJICTKH 1 MOMIINAIKA B CTAJICBI TUTII, SKi
3amaroBaId B arMocdepi aproHy. 3pa3ky MOCTYNOBO HarpiBajld INPOTSITOM THXKHS BiX
500°C mo 800°C, moTiM BiIamOBa K IPOTIroM ABOX THXHIB mipu 500 °C.

SIkicHuit Ta KiTBKiCHUH peHTreHo(ha30Buil aHalli3 IPOBOIMBCS 32 MACUBAMH JTU(paK-
LiffHUX JaHuX, sKi Oynu oxepskadi Ha audpakromerpi JJPOH-3M (Cu-Ko—Bunpominro-
BaHH:) EnexTpoxiMidHi BIACTUBOCTI TOCIiIKYBaHCS B TPHUEIEKTPOAHIN KOMIpIi 3 BU-
KOPHCTaHHSAM METAJIOTiAPUIHOTO SIK pOOOYOro, INIATHHOBOTO SIK JOIIOMIXXHOT'O Ta apIeH-
TYMXJIOPUIHOTO SIK TMOPIBHSUIBHOTO €JIEKTPOLiB. JoChimKeHHS IUKIIYHO cTabiTFHOCTI
CIUTaBiB MPOBOJWIN 3 BUKOPHCTAaHHAM ramsBaHocTaty GStat-8 mpu TycTuHI CTpyMmy
50 MA/r ipu KiMHaTHIXA Temnepatypi. I[loTeHmian s 3apaay-po3psny OyB oOMexeHHuH
B inTepBaii Big —0.6 no —1.2 B BinnocHo Ag/AgCl enexrpony.
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VYci cuHTe30BaHI CIUIaBH BHABWIINCS OJHO(DA3HUMH, IO JIO3BOJISE MPOAHAi3yBaTH
BIUIUB €JIEMEHTHOTO 3aMilIeHHs Ha 3apsIHO-po3psiiHi mapamerpu. Jliarpamy mopis-
HSIHHS XapaKTePUCTHUK JOCIIDKEHHUX Ta CIIOPIAHEHNX CIUIAaBiB 300pa)keHO HA PUCYHKY 1.
Jeski maHi B3sTO 3 pOOIT [5, 6]
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Puc. 1. IopiBHsuIbHA AiarpaMa BIUIMBY PiJKiCHO-3eMEIIBHOTO Ta MEPEXiHOT0 METAly Ha PO3PSAHY
€MHICTh METAJIOTiIPUIHOTO ENEKTPOy Ha OCHOBI criaBiB R R’ MgNiy Co,:
MaKCHMaJbHa PO3psiiHa EMHICTh IPH I'yCTHHI cTpyMy 50 MA/T (@); po3psHa €MHICTb IiCIIs
30 uuKIIiB 3apsay-po3psay IpH rycTHHI cTpyMmy 50 MA/T BiTHOCHO MakCHMaIIbHOT (6)

Fig. 1. Comparative diagram of the influence of rare-earth and transition metal on the discharge
capacity of a metal-hydride electrode on the basis of R,_.R’.MgNi,_Co, alloys:
maximal discharge capacity at a current density of 50 mA/g (a); discharge capacity after
30 cycles of charge-discharge at a current density of 50 mA/g relative to the maximal (b)
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3 OTpUMaHUX pe3yNbTaTiB MOKHA 3pOOUTH BHCHOBOK, III0 HAHBHUIINMH PO3PSAHUMHU
€MHOCTSIMH BOJIOJIIOTh CIUTaBU Ha ocHOBi La. J{mst crmomyku LaMgNi; sCogs Taka eMm-
HicTh ckimagae 333 MA o/t pu ryctuHi ctpymy 50 MA/r. CrutaBu Ha ocHOBi Pr ta Nd
XapaKTePU3yIOThCS HE3HAYHUM IIOHIKEHHSIM pO3psagHoi emHocTi. IIpoTe mame morip-
IICHHS CYTIPOBOKYETHCA MOKPAIIEHHIM IUKIIIYHOT cTabinbHoCTi. [l mpuKmay, cra-
Bu PrMgNi, Ta NdMgNi; 5Coq s BTpagarots numre 6% i 9% Bix MakcuManbHOI po3psiaHOL
emHocTi micis 30 MKIIB 3apsiay-po3psay BimmoBimHo. J[st BHIE3ragaHol CIIOMYKH
LaMgNi; sCoyq 5 11e#i TOKa3HHUK J0csATrae 3HaueHHs B 46 %o.

3arajoM MOKHAa BUJIUIMTH HACTYITHI TEHJCHUII 3MiHU PO3PSIHOI €EMHOCTI Ta IHMK-
TiYHOT cTabinkHOCTI Ans cnonyk R R’ MgNi,.,Co,: HalBUIIMMU €MHOCTSIMH BOJIOAIIOTh
La-BmicHi criiiaBu, MakCUMalbHi 3HAYESHHS SIKOT IAHUH THI CIIOJYK AEMOHCTPYE IPH JI0-
nasanHi 8,3 a1.% Co (K BUHATOK, MOXKHa BUJIIHTH pan cnonyk NdMgNiy.,Co,); nery-
BaHHA CO TO3WTHBHO BIUIMBAE HA LUKIIYHY CTAOUIBHICTb, IPOTE MOXE IOTipIIyBaTH
€MHICTD; IIPU MaJHMX TyCTHHaX CTPyMy HaliMEHIIl BTpaTH JEMOHCTPYIOTh CIUIaBH Ha
ocHoBi Pr, Nd ta ix cymimi i3 La.
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The influence of the rare-earth and d-transition metals on the electrochemical properties of the
R\«R’:MgNiy4,Co, alloys were investigated. Experimental results were compared with characteristics of related
compounds. La-based samples were demonstrated the highest discharge capacities among other rare-earths.
The Pr- and Nd-based alloys were characterized by slightly lower maximum discharge capacities. This
disadvantage of the alloys is compensated by better cyclic stability. The PrMgNi, and NdMgNi; sCoy 5 alloys
lost only 6% and 9% of the maximum discharge capacity respectively after 30 cycles.
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TBepai crutaBu Bosib(pamM — KOOIBT OTPUMAIH LIMPOKE IPOMHCIOBE 3aCTOCYBaHHS,
1 cdepa IX BUKOPHUCTAHHSA MOCTIHHO pO3MMPIOETHCS. Lle B cBOIO uepry mpu3BOAWTH 10O
MOSIBM T4 HAKOIMYEHHS BOJNB(PPaMBMICHHX BiIXOJiB, KOMIUICKCHA MEpepoOKa SKUX B
VYkpaiHi € akTyaabHOIO, OCKUIBKH TO3BOJISIE TIOBEPHYTH IIiHHI MeTanu (Boibdpam, KO-
6anpT) y BUPOOHWIHH UKL

IcHyrOul MeToAM BUIIICHHS KOMIIOHEHTIB ICeBIOCIUIaBy Bonbhpamy Tuny BK Biz-
PI3HSIOTHCS OJIMH BiJl OJHOTO HE TIIBKU PEKUMOM OOPOOKH, a i MPUPOIOI0 PEarcHTIB.
EnexTpoxiMi4Hi METOJH 3acCiyrOBYIOTh Ha OCOOJIMBY yBary, Tak SIK JO3BOJISIOTH IPU
BUCOKMX IOKa3HUKaX BWIIyYEHHS I[IHHUX KOMIIOHEHTIB ICTOTHO CIIPOCTUTH TEXHOJIO-
riyHy cxeMy 1 amaparypHe O(OpPMIICHHS IPOLECY, CKOPOTUTH TPUBAJICTH IEpepoOKH
BIIXO/IIB 1 TOJIIIIIMTH €KOJIOTIUHI MOKa3HUKH [1].

[Ipu po3urHEHHI TBEpAWX CIUIABIB BONb()pPaMy BHHUKAIOTH TPYIHOII, ITOB'S3aHI 3
PI3HOIO 3ATHICTIO HOTO CKIIAJIOBUX 0 OKHUCHEHHS i macuBamii. Tak sSK TOCIiIKyBaHUI
ciaB ckiagaeTbes 3 94% Bonbdpamy i 6% KoOaIBTy, BaXJIMBY pOJb B IpoILECi mepe-
poOKHM Binmirpae CTPYKTypa IaHOTO CIDIaBy. BcTaHOBIEHO, MO CTPYKTypa BOIbppaM —
K0OaJIBTOBOTO TBEPJOTO CIIaBY OyBa€: CKeJIETHA — B TBEPIOMY CIUIABi € CYIUTEHUH Kap-
OimHUI CKeNleT, Mo MeperulTaeThesa 3 KOOAIbTOBUM CKEJIETOM; MAaTpUYHA — y TBEPAUX
CIuTaBax MiXk i3oboBaHuME 3epHaMu WC e O6e3nepepBHa tiBka Co-3B'3KH. Y CIUIaBax
3 HEBEJIMKUM BMICTOM KOOQJIBTY, SIK y JaHOMY BHUIAJKy, CTPYKTYpOIO € CYLUIbHUN Kap-
OiIHUI CKeJIeT.

Binomo, 110 xapakrep MoBeIiHKH BOJIb(paMy JysKe 3ajexuTh Big pH cepenosuina, a
Tak SK B JOCHiIKyBaHOMY ciutaBi BK-6 #ioro 3mict Haiibinbie, TO caMe BiH i BU3HAYAE
XapaKTepUCTHKH BCHOTO mporecy. KapOin Bombdpamy, sSK i MeTaleBUH BOIbppaM, €
CTifiKuM 10 nii cynbhaTHOI i opTodhocdopHOT KUCIOT 3aBISKH YTBOPEHHIO HA IMOBEPXHI
IIaCHBYIOYOI IITIBKH, SIKa CKJIAJaeThes 3 OKCHIiB. Po30aBieHa cynbhaTHa KHCIOTa pea-
T'ye 3 BoIb(pamMoM 3 HU3BKOIO MIBUIIKICTIO, IPU HarpiBaHHI — MIBHIKICTh 3POCTAE, YTBO-
PIOIOYH TIPH IIbOMY HIDKY1 OKcuan [2, 3].

Mera 1i€i pobotu momsArana B po3poOii YMOB Uil CETICKTHBHOTO €IEKTPOXIMITHOTO
PO3YHMHEHHSI KOOAJIBTY (METajy - 3B'SI3KH), IEPEBEIICHHS MMOPOIIKY BOJIb(ppamy B IUIaM,
BUKJIIOYAIOYH YTBOPEHHS B HHOMY BOJIb(PaMOBOT KUCIIOTH.

MeToauka ekcnepuMenTy. JloCiipKyBaii 3pa3Ky IICEBAOCILUIABIB BOJIb(GpaMy Kap-
oimaoro Tuny BK-6 (WC - 94%, Co - 6%). [ToBepxHIO 3pa3KiB 3HSIKHPIOBAIH 1 PETESIBHO
IIPOMUBAIIM AUCTHIHOBAHOIO BOJOI0. AHOJHE PO3YMHEHHS IICEBIOCILIABIB IPOBOIMIN B
eNeKTpoiTi 3 KoHueHTpamiero H,SO, 1, 4, 7 Monb/ IM°, K 00aBKe BUKOPHUCTOBYBAJIU
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rexcamin y kinpkocti 0,1-0,3 moms/mv’. Bei enextponiti Gyinu MpUroTOBNEHI 3 peak-
TUBIB MapKH «X.4.» 1 «4.7.a.» Ha TUCTHIILOBAHOI BOJI . AHOAHY MOBEIIHKY BHBYAIH Me-
ToIOM BOJdbTaMmepomMetpii. [Tomspru3aniiiHi BUMipIOBaHHS MPOBOIIIIN Ha MIOTCHIIOCTATI
III 50-1.1, mIBUAKOCTI PO3TOPTKH MOTEHINIaTy CTaHOBHIJIA 2-107 B/c B MOTeHIiOAMHA-
MIYHOMY pexuMi. SIK aHOI BHUKOPHCTOBYBalIM BHUXIZHUH CIUIaB, KaToJ — THTAaHOBY
wracTuHy EiekTpomom MOpiBHSHHS CIYTyBaB HaCHYEHHUI XJOpcpiOHMH enektpon. Be-
JUYUHY MTOTEHIIialliB HaBeIeH] II[0J0 HOPMAJIFHOTO BOJHEBOTO EIIEKTPOLY.

Ha puc. 1 moka3ani mossipu3amiiiHi 3al€XHOCTI aHOTHOI MOBEIiHKH ciutaBy BK-6 B
pozunnax H,SO,. Sk BHIHO, MaKCMMaNbHI 3HaYEHHSI aHOAHOI I'YCTHHH CTPYMY B BOJHO-
My 1, 4 Ta 6 M H,SO, He nepesumrytors 10 A/cm?’. Ha KpHBHX CIIOCTEpiraeThest Kibka
XBHJIb, SIKI TOB'13aHi 31 CTAisIMH OKUCHCHHS BOJIb(paMy uepe3 HeMeTaleBy TBepay ¢a-
3y. [Ipu anoxHiil monsipu3auii B JaHOMY BHIIQJIKy BOJb()pPaM YTBOPIOE TBEPJi MOBEPX-
HEBi IUIBKHM 3 HOro CHOJIYK 3TiHO 3 TBepAO(ha3HUM IONIMOBEPXHEBUM MEXaHI3MOM.
Beenenns B poszuun 0,2-0,3 MOJIB/ M rexcaminy (C¢HoN,) mpH3BOOUTE MO aKTUBAIil
criaBy KapOiny Bosib(pamy, IpUUOMY aHOAHA TYCTHHA CTPyMYy 3pocTae maibke B 100
pasis.

i\ Al  Alem)

0,04 2
0,035 1 3 2
0,05 |

0,025

0,015 LA

0,01 -

0,005 A N q
)

0 1 2 3 4 E.B 0 1 2 3 4 E.B
Puc. 1. Ilonspuzaniiiai 3anexHOCTI Puc. 2. Ilonspuzaniiina 3a1exHiCTh
po3uunenHs criaBy BK-6 B pozunni H,SO, po3unHeHHs criaBy BK-6 B exekrpouriti 4M

pi3HOi KoHIeHTpail: 1 — 1M;2-4M;3-7M H,SO, 3 pi3HOIO KOHILIEHTPALIIEIO TEKCAMIHY:
Fig. 1. Polarization dependences of the 1-0,IM;2-02M;3-03M
dissolution of WC-Co-6 alloy in H,SO, Fig. 2. Polarization dependence of dissolution
solution of different concentrations: of WC-Co-6 alloy in 4M H,SO, electrolyte with
1-1M;2-4M;3-7M different hexamine concentration:

1-0.1M;2-02M,3-03M

Burnsan nonspuzaniiinux 3anexHocTeil (puc. 2) BKa3ye Ha CEJIEKTUBHE PO3UMHEHHS
KOOanbTy 1 macuBaiiro kapOigy Boibdpamy, TOOTO BCsS BEIHMYMHA AHOMHOTO CTPYMY
BUTPAYa€ThCS HA PO3UMHEHHS METATy-3B'S3KM. SIK BHIHO 3 pHC. 2, aHOAHA T'yCTHHA
CTPyMy HE 3aJICKUTh Bill BMICTYy T€KCaMiHy B €JICKTPOJITi, TaK 5K, MPH KOHIICHTPALIAX
0,2-0,3 MOJIB/IM® TOCATAEThCS MAaKCUMAJIBHA HOTO azicopOIIist Ha MOBEPXHI EIEKTPOJa.
OTXe JIMITYI04OI0 CTai€0 MPOIECy, IO BCiM BHIUMOCTI € MiIBEACHHS IO eIeKTPoaa
MOJIEKYJ TeKcaMiHy 1 iX ajcopOmis Ha MOBEPXHI €IEKTPOAY, IO MPH3BOIUTH 10 3aIlo-
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OiranHst okucHeHHs Bosb(ppamy 1o WO; i HoWO,, y 3B'I3Ky 3 NposiBOM I'€éKCaMiHOM
HOTro BiIHOBIIIOBAJIBHHUX BIACTUBOCTCH.
Takum 4MHOM, PO3UMHEHHS CIUIaBY BiIOYBAa€ThCS MO PEAKIIl,:

Co — Co*" + 2e,

IO MTPU3BOJUTH 10 PO34YMHEHHs MeTany-3B'sa3ku (Co) 1 yTBOpeHHs KapOiny Boibhpamy
(WC) B nwtami. 3poCTaHHs MIBHIKOCTI PO3YHMHEHHS KOOAIBTY MOSICHIOETHCS THM, IO BiH
YTBOPIOE PO3YHHI KOMILJIEKCH 3 T€KCaMiHOM.

TakuM YMHOM, 3aIIPOIIOHOBAHO CKJIAJ] CIICKTPOJIITY JIJIsl CEJICKTUBHOTO EIEKTPOXiMiy-
HOTO PO3YMHEHHS KOOambTy (MeTamy-3B's3Kd). BcTaHOBIEHO, IO [UIS OTPUMAHHS II0-
pomKky kapOixy Boib(dpamy B IIIami, TOMUTFHO 3aCTOCOBYBATH €JICKTPOJIT HAa OCHOBI
H,SO, 3 xoHIeHTpamieto 4 MOJIB/ 1M’ TIpH BBEJICHI T00aBKH - TEKCaMiH, B KuTbKocTi 0,2—
0,3 Monb/mv°. KoGansT 3 PO3UMHY BUAUIAIN SNEKTPOXIMIYHO Ha KATOI.

1. Baiipaunui 1., JIawox JI. PigkicHi poscisHi 1 6aroponHi eneMeHTH. TeXHOIOTS BUPOOHHUIITBA
Ta Bukopuctanus. — Xapki: HTY «XIII», 2007. — 303 c.
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Maryna Osmanova', Gennadiy Tul'skii', Larissa Lyashok', Igor Kolupaev’

ELECTROCHIOLOGICAL BEHAVIOR OF PSEUDOALLOYS WC - CO
IN SULFURIC ACID SOLUTIONS
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The electrochemical behavior of the WC-Co pseudo-alloy in acid solutions of H2SO4 was studied. The
method of processing a solid tungsten-cobalt alloy in a solution of 4M H,SO, with a 0.2 — 0.3 M content of a
reducing agent-hexamine is proposed, it allows to obtain a tungsten powder in a slurry.

Keywords: secondary tungsten-containing raw materials, anodic dissolution, polarization dependence,
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PAMAHIBCBKA CHHEKTPOCKOIIISI HAHOKOMITIO3UTY LiFePO,/C TA
MOr' 0 EJEKTPOXIMIYHI BTACTUBOCTI

ITnemumym 3azanvhoi ma neopeaniunoi ximii im. B.1. Bepnaocvkoco HAH Yxpainu,
npocn. Akao. Ilannaodina, 32-34, 03680 Kuis, Ykpaina, e-mail: panov@ionc.kar.net

Jlitritidepymoocdar (LiFePOy4) 31 cTpyKTyporo ONiBiHY € OJHMM 3 HaHOULIBII mepc-
NIEKTUBHUX TIPEJCTABHHKIB KATOMIB MiTil-iOHHHX aKyMyaTopiB. Moro nepesaru y Buco-
Kiif cTaOiIBPHOCTI NUKIFOBAHHS, €KOJIOTIYHOCTI MaTepiany, HU3bKi BapTOCTi Ta JOCHUTH
BHCOKIiH TeopernuHiit eMHOCTI (170 MATON/T). OHAK HEmONIKaMH MaTepialy € HHU3bKa
i0HHA 1 eJleKTpOHHA MPOBigHOCTI. OJHIM 3 OCHOBHUX IIUIAXIB MiJBHIICHHS €IEKTPOHHOI
Ta 10HHOT1 MPOBIAHOCTI € MOKPUTTS 4acTHHOK LiFePO, enexTponpoBigHOIO 100aBKOIO.
Hapa3i Hai0inpIl MOMMPEHUM EJIEKTPONPOBITHUM KOMIIOHEHTOM € KapOOH i1 Horo
moudikarii. KapOoHOBe MOKPHUTTS MOXKke OyTH yTBOpEeHE Oe3M0cepeIHbO MTPU BHECEHHI
JIO CyMIIII IPEKYPCOPIB BYIJICIFO Pi3HOMAHITHOI IPUPO I a00 X B MPOIEC] BiANANy pU
IipoJIi3i OpraHiyHMX CHOJYK. BBaXkaeThCs, 10 MOKPUTTS, YTBOPEHE ITiJ] 4aC TEPMIYHOTO
PO3KJIaJlaHHsl OPraHiYHUX PEYOBHMH € OUIbII PIBHOMIPDHHMM, a HOTO CTpyKTypa i ellek-
TPOHHA MPOBIIHICTH 3aJISKUTD BiJI JpKepelia ByTJIELo 1 TeMieparypu Bianany [1, 2].

Cunres LiFePO, npoBoauny B piakohasHOMY peakifHOMY cepeoBHII XOJIH XJIO-
PHI-IUETHIICHIIIIKONb 3 BUKOpUCTaHHSIM npekypcopiB NH4FePO4 ta CH;COOLI. s
orpuMmanHs HaHOKOMIT03UTY LiFePO,/C 3pa3ku mopomKy BUMOYYBAIH B PO3UUHI TIIIO-
KO3H, BUCYIIYBAIIX 1 BiAMIAMIOBATH B iHTepTHIH atMocdepi aprony mpu 700°C, 1 roguny
Ut KapOoHi3amii mpekypcopy.

CrexTpu KOMOIHAIIITHOTO PO3CiIOBaHHS I BOX 3pasKiB, IO MICTATh SK JpKepena
BYIJICIIO TUIbKH TIIOKO3Y (3pa30ok A) Ta INIIOKO3Y 3 3alMIIKaMU PEakiiifHOro cepenio-
BuIa (3pa3ok B) mpencrasieHi Ha puc. 1. Po3kiiaganHs CIEKTPIB Ha rayCOBO-JIOPEHIIEBI
KOMIIOHEHTH J03BOJIAJIO OI[IHUTHU SKICTh KapOOHOBOT0 MOKpHUTTs kommo3uty LiFePO,/C.
VY poGoTi MM BHKOPHCTOBYBAJIHM YOTHPH IiKH, 30cepemxkeHi B ~ 1200, 1340, 1520 i
1600 cv ', aHasoriuni KpUBMM, HaBeGHUM B JtitepaTypi [2, 3]. 3 HUX [Bi OMITHI IIH-
poki cmyru mpu ~1340 i ~1600 cv ™' Binnoimators D (HeBnopsakoBaiit) i G (rpadi-
TOBii) (hazam KapOOHY BiAmoBigHO. J[Bi 1OJATKOBI CMyTH, HEOOXiqHI AJIs 3310BUTBHOTO
aHamizy, posmimeni npu ~1200 i ~1520 cM ' i BigHOCATBCS 10 KapOOHY THITY Sp°, IO
4acTo CIOCTEPIraeThCsi B aMoppHOMY Byriiemto [2, 3].

JIyist OLiHKY TpHPOAM KapOOHOBOTO TOKPHUTTSI BUKOPHCTOBYIOTH BiJHOLIEHHS ITiKO-
Bux inTeHcHBHOCTEH cMyT D i G (Ip/Ig = I134¢/11600), K€ BU3HAYAE SKICTH KapOOHOBOTO
mokpuTTst. MeHmi 3Ha4eHHs [p/Ig BKa3yroTh Ha OUIBIN MPOBITHY CTPYKTYPY (IIEpeBaKHO
sp>-3B’a30K). TaK0X BH3HAYAIOTH 3aralbHy {HTEHCHBHICTb, IO OB’ SI3aHA 3 KONMBAHHS-
MH spz-sp3 BYTJICIIIO, Ispz/Isp3 = (T1340 + Lis0o) / (T1200 + Lisp0). BBaxkaeTncs, mo cmyrn
~ 1340 cm' (D-miamason) i 1600 cvm™' (G-miamason) Biamosimaiots rpaditonomi6Hiit
CTPYKTYpi, a iHui aBi eMyru mpu ~ 1200 cm ™' ta 1520 cm ™' — sp’-noai6HOMY HeBHOpsI-
KOBAaHOMY KapGoHy. Biiblr BUCOKi BiIHOMICHHS Sp>/Sp” KOPETIOEThes 3 Ginbi TpadiTo-
MOMIOHUM XapakTepoM KapOOHOBOTO MOKPHUTTS, & OTKE i 3 BHIIOIO EIEKTPOHHOIO MPO-
BigHICTIO. AJsie m00 MaTH AOCTOBIPHY KUIBKICHY iH(OpMALil0 MpO CKOOPIUHOBAHHHA
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sp*/sp> kapGoH MOTpiGHMH GaraToXBHIbOBMH aHamis [2, 3]. V mamiii poGoti uacTka
sp*/sp’ KapbOHy OLIHIOETHCS TPY6O, BUKOPHCTOBYIOUH TiILKH OJHY IiHIKO 30YIKEHHS
pu 532 HM.
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Puc. 1. Pamanisceki cnektpu LiFePO,/C ms 3pasky A (a) ta 3pasky B (6)
Fig. 1. Raman spectra for the LiFePO,/C sample A (a) and sample B (b)

PamaniBcbki criektpu kommnosuty LiFePO,/C s 3pasky A (puc. 1, @) MaroTh sickpa-
Bo BUpaxkeHi D Ta G mikm, a TakoX JBi IOJaTKOBi raycianu mpu ~1200 i ~1520 em L
BimHomenHs mikoBux iHTeHcHBHOCTEH Ip/Ig = 0,77, 0 € XOPOIIUM TOKa3HUKOM 1 CITiB-
BIZTHOCHTBCS 3 pe3yNbTaTaMHM IHIINX JOCIHiIKeHb KapooHoBoro nmokputrts LiFePO4/C [2,
3]. TakoX 3aJ0BiIbHi TIOKA3HUKH BiTHOIIEHHS sp/sp’ Kapbony — 3,95.

Crmektpu 3pa3ky B (puc. 1, 6) takox marote noMitHi D i G miku Ta 1Bi J0JaTKOBI
raycianu npu ~1200 i ~1520 cM™', IOKa3HUKH BiIHONICHHS MIKOBHX iHTEHCHBHOCTEH —
1,56 Ta sp’/sp’ — 1,35 MaroTh ripiii 3HAYCHHS, IO CBIXYWTH NPO HEraTHBHHUII BILIUB
3QITMIIKIB PEaKIifHOTO cepeoBuIla Ha moBepxHi HaHoKpucTaiB LiFePO,.

TecTyBaHHS CHHTE30BAaHOIO KATOAHOTO MaTepiany IMiATBEPPKYE HasBHICTH KapOo-
HOBOTO IMOKPUTTs rpadirononionoi npupoau. Takuii BUCHOBOK MOXKHA 3pOOHTH 3 pe-
3yJIBTATIB BOJITAMIIEPHHX JIOCII/PKEHb Ta 3apslI-pPO3PSIIHUX XapaKTepUCTHK (puc. 2) Ka-
tony. Ha BompTammieporpami (puc. 2, 6) IOTCHITaIH KATOIHOTO i aHOJHOTO IIKIB OJIN3b-
Ki 10 Teopetnunux (3,4-3,5 B), mo cBiAYUTH PO XOpOLIy KiHEeTHKY npouecy. Llukio-
BanHs kommo3uty LiFePO,/C npoBonunu B obnacti motenianis 2,2—4,2 B nporsrom 10
ukitiB. Ha 3apsin/po3psianiit kpuBiit (puc. 2, a) cioctepiraeTbes mIaTto B 001acTi MOTeH-
mianiB 3,4-3,5 B, ske BiAnoBigae 3a IHTEPKAIALIIO/ACIHTEPKAISILIIO JITIIO B CTPYKTYpI
omniBiny. [Turoma emuicte LiFePO,4 mpu ctpymy 0,1C cranoButh ~ 135 MA-TOI/T.

1. Kodera T., Dongying B., Ogawa D., Ogihara T. The effect of carbon doping on electroche-
mical properties of LiFePO,/C powders prepared by spray pyrolysis // Key Engineering
Materials. —2011. — Vol. 485. — P. 107-110.

2. Swain P., Viji M., Mocherla P.S.V., Sudakar C. Carbon coating on the current collector and
LiFePO, nanoparticles influence of sp® and sp’-like disordered carbon on the electrochemical
properties // J. Power Sources. — 2015. — Vol. 293. — P. 613-625.
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Puc. 2. [ukiiyna Bonsramneporpama katoay LiFePO,/C npu mBUAKOCTI po3ropTku
noreniiany 0,1 MB/c (@) Ta 3apsn/po3psiani xapakrepuctuku karony LiFePO4/C (6)

Fig. 2. Cyclic voltammograms of the LiFePO,/C electrode at potential sweep rates of
0.1 mV/s (a) and charge-discharge profiles of the LiFePO,4/C electrode (b)

3. Long Y., Shu Y., Ma X, Ye M. In-situ synthesizing superior high-rate LiFePO,/C nanorods
embedded in graphene matrix // Electrochim. Acta. —2014. — Vol. 117. — P. 105-112.

Vadym Galaguz, Sergiy Malovanyi, Eduard Panov

RAMAN SPECTROSCOPY OF THE LiFePO,/C NANOCOMPOSITE
AND ITS ELECTROCHEMICAL PROPERTIES

V.1 Vernadsky Institute of General and Inorganic Chemistry of the National Academy of Sciences of Ukraine,
Palladina Ave., 32-34, 03142 Kyiv, Ukraine, e-mail: panov@ionc.kar.net

Raman spectra were obtained for two samples of the composite based on synthesized lithium iron
phosphate powders. The first one (sample B) contains some traces of the reaction medium, the second (sample
A) is a completely washed powder. The diffraction of spectra on the Gaussian-Lorentz components allowed to
assess the quality of the carbon coating of a LiFePO./C composite. Estimation of the ratio of peak intensities of
the D and G bands to the powdered composite (Ip/Ig = 0.77), and the powder with residues of the reaction
medium (Ip/Ic = 1.56) as well as the approximate calculation of the sp*/sp® carbon ratio (3.95 and 1.35,
respectively) indicate the negative effect of the products of pyrolysis of the organic reaction medium. The
electrodes made from the LiFePO./C composite based on the washed powder and the carbon coating obtained
after glucose decomposition demonstrate the reversibility of the process of lithium intercalation/deintercalation
and a stable plateau on the charge/discharge curves. The material capacity is 135 mAh/g for 0.1C.

Keywords: LiFePO4/C cathode, lithium ion battery, carbon coating, Raman spectroscopy
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CHUHTE3 HAHOKOMIIO3UTIB C/Fe304, C/FeZCrO4, C/Li0,5F61,5CFO4, C/MOOZ
TA BJJACTUBOCTI AHOJHUX MATEPIAJIIB HA IX OCHOBI

Inemumym 3a2anvhol ma neopeaniunoi ximii im. B.1. Bepuaocvkoeo HAH Yxpainu,
npocn. Axademira [lannaoina, 32-34, Kuis, 03680, Yxpaina, e-mail: panov@ionc.kar.net

3pocratogya motpeda y epeKTHBHUX cHcTeMax 30epekeHHs eHeprii ¢opmye miaBH-
LICHHUH IHTEpec 0 XIMIYHHX JDKEPEN CTPYMY i3 BUCOKOIO I'YCTHHOIO €HEpril, cepelt IKUX
JIOMIHYIOTb JiiTil-10HHI Oarapei (Li-ion). IcHye norpeda 3aminuTH rpadiTi 3 HU3BKOIO
TEOPEeTHYHOI0 eMHicTIO (372 MATOA/T), L0 Hapa3i BAKOPUCTOBYIOThCs B Li-ion OaTapesx,
Ha MaTepiaiy 3 KpaluMH Noka3HUKaMu. OJHUM 3 HalOIbII NMEPCHEKTUBHUX aHOAHUX
MarepianiB BBaxkaeTbcsi Fe;Oy4, uepe3 Horo HeBHCOKY BapTiCTh, €KOJIOTIUHICTh Ta BUCOKY
3apsaaHy emHicTb (1000 MATO/T). Takok MEpCIIeKTUBHUM MaTepialloM € OKCHJ MOJIiO-
nery MoQO, 3aBIsiKM HU3bKOMY TUTOMOMY OIIOPY, BUCOKIH €JIEKTPOXiIMIYHINH aKTHBHOCTI
Ta Benukiit eMHOCTI (838 MArom/T). IlpoTe i OKCHIHI MaTepialld MarOTh PsiI HEIOMIKIB.
Tak, mpu goBrorpuBaioMy nukifoBaHHI MoO, BimOyBaeTbcs pyHHYBaHHS MaTepiamy
gepe3 3MiHy 00’eMy aHOAY y IpoIeci 3apsn/po3psdy, IO MPU3BOIUTH O MOTipPIICHHS
HOro MPOBIAHOCTI, BiAMIAPYBaHHIO MaTepialy aHOLY BiJ KOJEKTOpa CTPyMy Ta, HacaM-
KiHeI[b, 0 MIBHIKOTO MaaiHHs 3apsaHoi emHocTi. Hemomikamu Fe;O,4 € BUCOKUE OTEH-
uian 3apsany — 1,75 B (Li'/ Li), Hu3bka NpoOBiaHICTh, 3Ha4Hi 3MiHM 06’ €My y HpOIIECi 3a-
pan/po3psiay. JBa OCHOBHMX LUISIXM MOKPALICHHS MaTepiany — 11 HAHOCTPYKTYpyBaHHs
aHOJIHOTO Marepiaiy i popMyBaHHs Ha kpuctaiax MoO, ta Fe;O4 ByrieneBoro mokpur-
Ts1, IO MEPEIIKO/PKAE PyHHYBAHHIO aHOJY ITiJ] Yac LMKIIOBaHHA. Tak, 3MEHIIEHHS po3-
Mipy KpUCTaiB OKCHJLy CKOpOUY€ IUIAX A0 AUQY3ii JIiTif0, MOKpANyI0YH KIHETHKY 3BO-
POTHOTO HaKONHMYCHHS Ta 30epekeHHs JiTifo. [i0puam3amnis, onTuMaibHa MOPQOIIOTis
yacTuHOK Fe;O4 i3 HaHOByrieneM MO)Ke MOKpPAIIUTH SJIISKTPOHHHH IEpeHoc, a y BHU-
MAJIKy YTBOPEHHS CTPYKTYPH «OOOIIOHKa-Iapo» 3abe3meuntr Oydep Aisd 3MiHH 00’ eMy
Fe;0, 1 3aBmsku 1ipoMy 30epertu cTabinbHiCTh nukIfoBaHHS Fe;O4[1-3].

VY naniii poOOTI BHBYAETHCS MOMKIIHMBICTH MOKPAIICHHS XapaKTEPUCTHK AHOIHOTO
MaTepiary Ha ocHOBI Fe;O4 3a paxyHOK IOIyBaHHS MarHETUTY XPOMOM Ta JITi€M, IO
NPU3BOJUTh 10 3HMXKEHHS TOTEHIaly 3apsily, a TaKOoX CHHTE3 HAHOKPUCTAJIIYHOTO
komno3uty C/MoQO,.

Mertonom Ileuini cunre3oBani cnonyku C/Fe;0,4, C/Fe,CrO4, C/LigsFe; sCrO4. 3a
nanuMu XRD mpoaykTv cuHTE3y MaroTh 100py KPHUCTAIIYHICTH 1 BiINOBIAAIOTH IIITi-
HenbHIN cTpykTypi Fe;O4 Po3paxoBaHi cepenHi po3mipy KpUCTaliB CHHTE30BaHUX I10-
pomkiB: 29 HM (Fe;04), 12 aM (Fe,CrOy), 18 um (LigsFe; sCrOy). s anogHoro mare-
piamy Ha ocHOBI omHo(daszHoro okcuny Fe;O, y BUMIAAI HAaHOKOMIO3UTY 3 BYIJIELEM
OyJm BUBYCHI 3apsa/po3psaHi XapaKTePUCTUKHU 1 CTaOUIBHICTD 3apsiTy TpH HUKIIOBaHHI
(puc. 1, a). Marepian C/Fe;O4 ipu ctpymi 0,1C moka3aB BUCOKY €MHICTB TIEPIIOTO IIHK-
ay ~ 1000 mAron/r. OmHak, cepeiHiil TOTeHIIaN 3apsAay € TOCTaTHRO BUCOKAM E,~1,8 B
(mo Li/Li’-enextpony), mo poOUTh HEIOUITLHAM BHUKOPMCTAHHS TaKOTO aHOJY, OC-
KUJIbKH ISl KOMepIiHHUX rpadiToBUX aHOIB BeanynHa E, He nepesuinye 0,5 B. Anon i3
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yuctoro Cr,O; mae pocratHpo Hu3bKHi (1,1B) moreHmian 3apsny, ane He3HAUHY MpO-
BigHIcTE [3]. ToMy KopuCHO Oy70 O OLIHUTH XapaKTEPHCTHUKH KOMIIPOMICHOTO aHOJ-
Horo Mmarepiany, tumy Fe; CryO4, OTPUMAaHOTO YAaCTKOBHM 3aMilIeHHSM (epyMy Ha
XpOoM y rpaani MaraeTuty. IIpu oMy 4acTKOBO BHUPIIIy€eThCs 3a7ada KOMIIEHCAIIIT 3Mi-
HU 00’eMy aHOAY TPH IWKIIOBAaHHI 3aBISKH PIi3HHII Yy 3HAYEHHSIX MOTEHIIANY 3apsry
s aHoniB Fe;Oy4 1 CryOs. 3a makcumanbsHO momyctuMy KoHIeHTpanio Cr,Os; B Fe;O4
NpUiiMaoch 3HAUSHHS X, IIPU SKOMY Iiie 30epiraeThcsi 3BOPOTHICTD LUKIIIOBaHHS. 3 ycix
JIOCII/PKEHUX MaTepiaiiB oMy Binnosinae marepian C/Fe,CrOy4. [Ipu ctpymi 0,1C aHox
C/Fe,CrO,4 nokazaB eMHicTb 1-ro 1ukiy ~ 900 MA-Toa/r (puc. 2, a), a moTeHLial 3aps-
»kanus E, 3an3uscsa 3 1,8 B no 1,1 B.

Q. mAron/r Q. mAron't
1000+ 900+
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) 700- -1
700- o s
)"\% 600 O
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Puc. 1. 3mina 3apsny enexkrpona C/Fe;O4 (a) Ta C/Fe,CrO, (6) BIpoJOBXK LMKITIOBAHHS Yy MEXKax
10 uukais, crpym 0,1C (1-po3psia, 2-3apsin)
Fig. 1. Variation of the charge of a C/Fe;04 (@) and C/Fe,CrOy (b) electrode during 10 cycles,
current 0.1C (1-discharge, 2 -charge)

IMotenuian 3apamkenns Matepiary C/LigsFe; sCrO, 3amxyerses no E~0,8B i3 30e-
piraHHsM #0ro eMHOCTI IpY LMKJIIOBaHHI Ha piBHI 600 MATOI/T (pUC. 2, ). OTpuMaHuii
pe3yibTar [JO3BOJISIE CIOJIBAaTHCS, IO ONTHMI3allis YMOB CHHTE3y Marepiary
C/LigsFe; sCrO,4, 30xpema opmyBaHHS eeKkTHBHOI MOpdOIOrii, 3M0OXKe HAOIU3UTH Ta-
KAl aHoOZ 10 TpadiTOBOTO 3a MUTOMOIO IMOTYXKHICTIO 13 30€pe:KeHHSIM HOTO 3apsmaHOL
€MHOCTI.

ConpBOTEpMANEHIM METOJIOM CHHTe30BaHI HaHokoMmmo3utu C/MoO, 3 cepemHiM
po3mipom kpuctainiB — 4HM. [3 mopomkiB C/MoO, oTpuMaHuX MiCIs BiANaTOBaHH:I, Oy-
JIX BUTOTOBJICHI aHOAM Ta 3HATI TAJIbBAHOCTATHYHI KpHBi. Po3psaHa €eMHICTH €lIeKTpoaa
Ha mepmoMy Hukii mocsrae 950 MA-TOA/T, a micis APYroro IMUKITY 3aIHUIIA€THCS Ha
piHi 500 MA roxr/r npu crpymi 0.1C ta Hagani Maibke He 3MiHIOETBCS (pHC. 2, 6). Taky
POOOTY €eJIEKTPOJHOro MaTepially MOXKHa MOSICHUTH IPUTHIYEHHM 3MiHKA 00’ emy MoO,
B IIpOLIEC] IHTepKaNALil/AeiHTepKaALil, 0 JOCITaeThCI 32 PaxXyHOK BYIJICLIEBOTO I10-
KPHTTSI, SIKE TAKOX MOKPALIy€ i IPOBIAHICTh Marepiay.
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Puc. 2. 3mina 3apsany enexkrpona C/LigsFe; sCrO, (a) Ta C/MoO; (6) BIpO10BK LIMKIIOBAHHS Y
mexax 10 nukiis, crpym 0,1C (1-po3psia, 2-3apsi)

Fig. 2. Variation of the charge of a C/Li sFe; sCrO, (a) and C/MoO, (b) electrode during 10 cycles,
current 0.1C (1-discharge, 2 -charge)

1. Zhang L., Wu H.B., Lou X.W.D. Iron-Oxide-based advanced anode materials for lithium-ion
batteries / Adv. Energy Mater. — 2014. — Vol. 4. — P. 2630-2637.

2. Liu Y.L., Zhang H., Yang P.O., Li Z.C. One-pot hydrothermal synthesized MoO, with high
reversible capacity for anode application in lithium ion battery // Electrochim. Acta. —2013. —
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3. Guo B., Chi M., Suna X.-G., et. al. Mesoporous carbon—Cr,O; composite as an anode material
for lithium ion batteries.// J. Power Sources. —2012. — Vol. 205. — P. 495-499.

Sergiy Malovanyi, Eduard Panov, Vadym Galaguz, Olena Genkina, Tamara Glushchak

SYNTHESIZE OF C/Fe;04, C/Fe3.,CrO4, C/LiysFe; sCrO4, C/M0oO, NANOCOPMOSITES AND
PROPERTIES OF THE ANODIC MATERIALS ON THEIR BASIS.

V.I. Vernadsky Institute of General and Inorganic Chemistry of the National Academy of Sciences of Ukraine,
Palladina Ave., 32-34, 03142 Kyiv, Ukraine, e-mail: panov@ionc.kar.net

Composites (C/Fe;0s4, C/Fe,CrO,, C/LigsFe;sCrO4) have been synthesized by modificated method of
Pechini. Doping with chrome and lithium leads to decrease of charge potential from ~ 1,8 V (Fe;0,4) to 0,9 V
(LigsFe; sCrOy). Decrease of grain size of anode material to 10-30 nm and presence of conducting carbon on
the grain surface leads to the better kinetics of the charge/discharge processes, allow us to obtain for the best
material (LiysFe; sCrO,) reversible capacity ~ 800 mAh/g in the first cycle at the current C/10. A procedure for
the synthesis of molybdenum oxide MoO, by the solvothermal method is proposed. Powders consisting of
C/MoO; crystals with a mean size of ~ 4nm have been synthesized. The electrodes based on the obtained
composite C/MoO, demonstrate the reversibility of the intercalation/deintercalation process and a stable
cycling with a capacity value of 950 mAh/g in the first discharge and a stable value of 500 mAh/g in cycles 2-
10 at a current of 0.1C.

Keywords: anode, doped Fe;0,4 nanocomposite C/MoO,, lithium ion battery
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OJEPXKAHHSA OKCUJHHUX IIJITBOK HA CIIJIABI BT6 B YMOBAX
AHOJTHOI TOJIAPHA3AII Y PO3YNHAX OPTAHIYHUX KHCJIOT
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Beryn. Tutan BiZHOCHTBCS 10 aKTHBHHX METANiB, OJJHAK B 3BMYAlHUX yMOBaxX Ha
HOTo TOBEpXHi YTBOPIOETHCS NMPHPOJHA OKCHAHA ITTiBKa. LI miriBKa BUKOHY€E pOJIb 3a-
XHCHOTO 0ap’epy, sika 00yMOBIIIOE ITACHBHICTh THTAaHY B 0araTbox cepemoBuimax. Mox-
JIMBHUM € OTPUMAaHHS IITYYHUX OKCHIHHX IUTIBOK 3 33laHUMH BIacTUBOCTAMH. L1i miiBku
BHKOPHCTOBYIOTHCS JJISI T IBUIIIEHHS 010JIOTIYHOT CyMICHOCTI 1 MapKyBaHHS BUPOOiB Me-
JUYHOTO TPU3HAYEHHS, BUTOTOBICHMX 3 TUTaHy. LLITy4HI IUIIBKM XapaKTepU3yHOTHCS
MIEBHOIO TOBIIMHOIO Ta OJHOPIAHICTIO XIMIYHOTO Ckiaay. I[Ipu okcuayBaHHI BinOyBa-
€Tbcsi (POPMYBaHHS BUCOKOPO3BUHEHOI MOBEPXHI, 110 J03BOJISIE HOMNIMIIUTH ii KOHTAKT 3
KiCTKOBOIO TKaHMHO0. [IprupoaHi miiBku, BHacHigok maioi ropuuau (0,005-0,006 Mxm)
JUIs bOTo HerpuaaTHi. OKCHAHI IUIaBKH HA TUTaHI OTPUMYIOTH TEPMIYHHM Ta IUIa3MO-
BUM OKHMCHEHHSM, TiIpOTEPMabHOI0 00poOKOIo, Andy3iiHMM a0 eleKTpOXiMiuHMM
okucHeHHsAM. OCTaHHIH MeTOoJ] OKCHIYyBaHHS, SIKUH TaKoXX Ha3WBAaIOTh aHOIYBAHHSM, €
HANOLIBII PO3MOBCIOKCHUM.

MeToauka ekciepuMenTy. {1t 10CTiPKeHb BUKOPHUCTOBYBAIN 3pa3Ki TUTAHOBOTO
crutaBy BT6 B BTl mTacTUH MpsIMOKYTHOI popmu posmipamu 70x20x5 MMm. 3pazku
TOTyBaJM 0 PoOOTH 3a CTAaHIAPTHOIO METOJMKOIO, sIKa BKIOYasa NUTI(QYBAaHHS Ie-
JIOCTKOBHM Ha)KJauYHUM KPYTOM, 3HEKHMPEHHS 1 TPaBJICHHS y CyMilli HITpaTHOI 1 ¢pTO-
PUAHOI KUCIOT, B3ATHX y chiBBigHOMmIEHH] 3:1 (00°eM.). EnexTpomni3 npoBoann y raib-
BaHOCTATHYHOMY PEXHMI, 33/1al04YH 3a JOIOMOTOI0 JuKepena xuBieHHd b5-49 3HaueHHS
Hanpyru Ha kowmipii y aianazoni 10-100 B 3 kpokom 10 B. Konrpons cuiu crpymy
NPOBOAMIIM BOJIbTaMiepMmerpom Tury M2038, a 3MiHy Hampyrd — MYJIBTUMETPOM
Keithley-2000. OkcuayBanns nposoawin 3a temmepatypu 20—22 °C. Jlns 3ano0iraHHs
HarpiBy eJEKTPOJIITY KOMIPKY PO3MILIyBIM B KPUCTAIi3aTOpPi, 3alIOBHEHOMY BOJOIO.
JIONOMDKHHMM €JIEKTPOJIOM CIY)KUB CBHHEUb. [ mpoBeaeHHs NOCIHiIKEHb BHUKOPHC-
TOBYBaJIM PEAKTUBU KBaNi(PiKaIii «4.1.a.».

ExcnepumenTanbshi pe3yabraTH. Pe3ynpraToM mpoliecy aHOAYBaHHS THTaHy B
pO3YMHAX OpPraHiYHUX KHUCIOT € (OpMyBaHHS 3a0apBICHUX OKCHIHMX IUTIBOK TOBILH-
HOMO 110 0,1-0,3 MKM. 3a CBO€I0 IPHUPOAOIO 111 IUTIBKK BITHOCATHCS 10 iHTepepeHIIiiHO-
3a0apBJICHNX, MIPUIOMY KOJNip TUTIBKH 3aJICKUTH BiX il TOBIMHHU. KpiM ckirangy cruiaBy,
BU3HAYaIbHUH BIUIMB HA TOBLIMHY Ma€ BEJIMYMHA HAnpyru GopmoBku Uy, NpHKIaLeHa
JI0 eJIeKTpoIiB KoMipku. HaitOinbiu iHhOpMaTHBHUM /Il TOCHIDKEHHS ITPOLIECY aHOIy-
BaHHS € BUBYCHHS (hOpMYBaJIbHUX 3asiexkHOCTed. LI 3anexHOoCTI OB’ S3yI0Th 3MiHY Ha-
NPYTH Ha KOMIpI 3 TPUBAIICTIO eNeKTpoizy (puc. 1) i JO3BOJSIOTH BU3HAYUTH BILIMB
OKpEeMHX IapaMeTpiB Npolecy Ha AMHAMIKy pOCTy IUTIBKH. EkcriepuMeHTanbHI JaHi
JIO3BOJIMJIM BCTAaHOBWTH, 110 BHJ (HOPMYBAIBHOI 3aJIeKHOCTI BU3HAYAETHCS T'yCTHHOIO
CTPyMy €IeKTpoIi3y j,. Ha puc. 1 HaBenmeHi hopmyBanbHi 3aiexxHOCTI crutaBy BT6, ot-
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puMani B po3umHi, mo mictuts 100 r-av > H,C,0, npu Uy = 40 B. B nianasoni ryctun
ctpymy 0,2-0,5 A-1M > 3aneKHOCTI MAlOTh HENHIMHMH XapakTep i 4acTo HE BiATBO-
profotecs (puc. 1, 11 2).

Hanpyra ¢gopmoBku, B

0 20 40 60 80 100
Tpusanictb enexktponizy, ¢

Puc. 1. opMyBaisHi 3anexHocTi crmasy BT6 y posunaax HyCoO4 mpH f,, A+
0,2(1); 0,5(2); 1(3); 0,75(4); 2(3); 5(6). Uy =40 B; ¢4 = 100 M

Fig. 1. Uy?) dependences obtained for VT6 alloy in H,C,0, solutions at j,, A-dm™%
0,2(1); 0,5(2); 1(3); 0,75(4); 2(5); 5(6). Up=40 V; c5 = 100 g-dm>

Ipu j, = 0,2 A-L[M’2 3aj1aHa BenuunHa Uy B3araii He jfocaraerbes. Lle o0ymMoBieHo
THM, IO NPOILIEC YTBOPCHHS OKCHIY CKIAJaeThes 3 ABOX MPOLECIB — EIEKTPOXIMIYHOTO
(opMyBaHHS TUTIBKH 1 ii pOSYMHEHHS B pe3yNbTaTi XIMIiYHOI B3a€MOJil 3 KOMIIOHEHTAMU
enektpodity. Ilepmmit mporiec cripusie 301TpIICHAIO TOBIIMHH TUTIBKH 1 ii €JIEeKTPUIHOTO
omopy. 3rigHo 3akoHy OMa, [1e MPUBOJUTH A0 301IBIICHHS MaiHAA HAIPYTH Ha KOMIpIIi,
OCHOBHA YaCTHHA SIKOI NPHINAJa€E HA OKCHJHY IUTIBKY. XiMiYHE PO3YMHEHHS 3MEHIIYE
TOBLIMHY IUTIBKH. [T0siBa TOPHU30HTAIBHOIO TUIATO Ha 3ajieykHOCTI / puc. 1 Bkasye Ha Te,
10 OKCHUAYBAaHHS MPOXOAMTH y CTAllIOHAPHOMY DPEXHMI, IIPH SIKOMY IIBHIKICTb €JIeK-
TpoXiMiuHOTO (pOpMyBaHHS IUTIBKH JTOPIBHIOE MIBUIAKOCTI ii XiMiYHOTO po3unHeHHS. [Ipu
36inbInenHi j, 10 0,5 A<M > (puc. 1, 2) Ha KpuBiii crocTepiraeThes MOsBA [UIATO, MiCs
SIKOTO BiZIOYBA€THCS MOCTYIIOBE HAPOCTAHHS HAIIPYTH HA KOMIpI 3 KiHIIEBUM BHXOIOM
Ha 3anany Uy. IligBuILEHHS TYCTUHU cTpyMy Jo 1-5 A-M 2 3yMOBIIIOE TiHIHHHI Xix
3anexxHocTel (puc. 1, 3—6), mo cBiguuTh Tpo (HOpPMYBaHHS IUTIBOK 3 TAPHUMH 3aXHC-
HUMH BJIACTUBOCTSIMHU.

Komip oTpumaHO1 TUTIBKH 3aJI€KUTH Bifl ii TOBIIMHU, BEIWYHHA SIKOi BU3HAYAETHCS
3aJaHUM 3HA4YCHHAM Hampyrd (HOpMOBKH. BiAmoBimHICTE KOMBOPY OKCHAHUX ILIiBOK,
oTpuMaHuX Ha cmnasi BT6, i Benuunan Uy, HaBeneHa y Tadm. 1.
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Tadmauus 1. BinnoBiqHiCTh KOIBOPY OKCUAHOI INTIBKY 1 BEJIMYUHY HAIIPyTH ()OPMYBaHHS
Table 1. The accordance of the color of the oxide film and the value of cell voltage

Uy, B Kounip mutiBku
10 KOpPUUYHEBUI
20 CHHII
30 OJIAKUTHUI
40 CBITJIO-3€JIEHUI
50 JKOBTHH
60 30JI0TUCTHIT
70 MaJIMHOBUH
80 TEeMHO-0ip030Buit
90 CBITJI0-0ipro30BHii
100 3CIICHHI

ToBiIMHA OfiepKaHOT NP OKCHIYBaHHI IUTIBKH 3aJICKHUTh JIMIIE BiJ 33JaHOrO 3Ha-
geHHsA Up. Lle MOsCHIOETBCA TUM, IIO i0H MeTaly, SKHil IPOXOAUTH 4epe3 IUTBKY, 3i-
IITOBXYETHCS 3 aTOMaMH PEIITKH OKCHIY, BTpAyaroudl CBOKO eHepritoo. J[Jsi mpomoBs-
JKEHHS MOJANBIIOTO PyXy HEOoOXiJHa BTOPHMHHA aKTUBAIlisl 10HY, SIKa HACTA€ i BIUIHU-
BOM 30BHIIIIHBOTO €IEKTPHYHOIrO OIS, TakuM YMHOM, I0HH PyXarOThCs B ILTIBII Iepe-
CKOKaMH BiJl OJIHOTO IIOJIOXKEHHS N0 1HIIOro. B ymMoBax rajnbBaHOCTaTHYHOTO aHOMY-
BaHHS JUIsl MATPUMKH 3a/1aHOT TYCTUHU CTPYMY HEOOXiJHa NOCTiHHA HANPyKEeHICTh I10-
JIs IO TOBIIMHI chopMOBaHOT TIBKH. SIKIIO OKCHI (POPMYETHCS MPH MOCTIiHIN T'yCTHHI
CTpyMy, Hampyra Ha IUTIBI[I Mae€ JIiHIHHO 30uThImyBaTtucs. OTKE, TOBIIMHA OKCUIHOL
IUTIBKH Oap’€pHOTO THUIy BH3Ha4daeThCsi 0 =al, , 1€ o — TOCTifiHa pPOCTy IUTIBKH

(amB™"). 3HaueHHs MOCTIHHOI POCTy IUTIBKM IS THTaHy, HABEACHI B JTEPATypi, KO-
NUBAOThCA B Mexax 1,9-6,0 uM'B™'. Ha 3HaueHHS o BILIHBAIOTH rnapaMeTpu eJIeKTpo-
73y, MAroToBKa 3pa3Ka, (hi3uuHI BIACTUBOCTI ILUTIBKU (TYCTHHA, KPHCTAJluHa CTPYKTYpa,
MOpPQOJIOTIUHI BIaCTHBOCTI — OJHOPINHICTH MOBEPXHI 1 MOPUCTICTH). BuineBuknanexne
MIOSICHIOE HE3aJISKHICTh BEJIMUMHH T'PAHWYHO! TOBIIMHHU IUIIBKU BiJl TYCTHHH CTPYMY
€JIEKTPOJIi3y 1 KOHIEHTpaLii eIEeKTPOIIITY.

Oleksij Pylypenko', Olena Andrushhenko’, Ol'ga Myzenko'

OBTAINING OF OXIDE FILMS ON VT6 IN CONDITIONS OF ANODE POLARIZATION IN
SOLUTIONS OF ORGANIC ACIDS

' Hayionanenuii mexuiunuii ynisepcumem «Xapxigcokuti nonimexuivmuuii incmunymy,
Kaghedpa mexuiunoi enexmpoximii, gyn. Kupnuuosa, 2, 61002 Xapxis, Yrpaina,
e-mail: opilipenko1984@gmail.com

The influence of the electrolysis parameters on the process of VT6 titanium alloy oxidizing in organic
acid solutions is presented. It is shown that the nature of cell voltage-time curves for the alloy samples depends
on the current density used. The interference-colored oxide films are formed on the surface of the alloy at the
anodic current density above 0.5 A-dm™. The maximal thickness and the oxide film color are determined by
the cell voltage and does not depend on other electrolysis parameters.

Key words: oxidizing, titanium, cell voltage-time dependence, oxide film, dielectric.
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HEPEBIPKA HAJIIHHOCTI METOJIUKH NMOJSAPOTPA®TUYHOT O
BU3HAYEHHA METPOHIJA30JIY

Jlvsiscokuti nayionanvHuil yuigepcumem imeni leana @panxa, kagedpa anarimuynoi ximii,
eyn. Kupuna i Megooia, 6, 79005 Jlvsie, Yrpaina, e-mail: katerina7pl@gmail.com

MertpoHina3on (2-MeTHiI-5-HITpoiMina3oun-1-eTaHo) HANEXKHUTh 0 TPYIHU TIperapa-
TiB HITPOiIMia30iy, SIKi BHKOPUCTOBYIOTH, 31¢0LTBIIOr0, ¥ JiKyBaHHI 1H(EKIiH, BIKIN-
KaHUX aHaepoOHMMH OaKTepisMH 1 HAHIPOCTIMHMMHU OpraHi3MaMu. 3TiTHO 3 MDKXHAPOJ-
HAMH pPEKOMEHJAITisIMU, METPOHITA30JI TaKOX € CKJIaJOBOI0 YaCTHHOIO 0araThOX JIi-
KapchKuXx 3aco0iB st Teparii iHdekuiit Helicobacter pylori, sika € OCHOBHOIO ITPUYHHOIO
racTpury i GpakTop pu3MKy I paky HnutyHka. [Ipore, BUCOKI 034 i TpUBaje CHCTEMHE
JIKYBaHHS 3 METPOHIIA30JI0M IOB'sI3aHi 3 PO3BUTKOM JICHKOIEHIT, HeWTporeHii, mixBu-
LIEHUH pHU3KK NeprudepuyHoi Hefipornarii Ta TOKCHYHOTO YpaXKeHHS LIEHTPaJIbHOT HEPBO-
BOI CUCTEMH.

BucokoedekTrBHa pianHHA Xpomarorpadis, THTPUMETPUYHUI METOX Ta CIIEKTpPO-
(doToMeTpist — IIe OCHOBHI CIIOCOOM BH3HAYCHHS METPOHINA307y B (hapMaIllcBTUIHOMY
aHaui3i. BimpmIicTh 3 METOIB BU3HAYCHHS METPOHINA301Iy € TPYAOMICTKIMH, 3aTPaTHU-
MH, TPUBAIUMH Ta MOTPEOYIOTh BUCOKOKBANi(DiKOBAaHOTO ITepcoHay. Po3po0ieHHs dyT-
JUBUX, EKCOPECHNUX, HAMIMHMX 1 JemeBUX croco0iB BU3HAYCHHS HITPOIMiIa30iiB y BOI-
HUX CEpelOBHINAX, a TaKOX y JIKapChbKUX 3aco0ax Ta O10NOriyHMX 00'€KTax € aK-
TyansHEM [1, 2].

Mu nepeBipwiIM HaAilHICTh MOJSIpOrpadiyHOl METOMUKH BU3HAYCHHS METPOHiJga-
3011y. MeToanKa IpyHTY€EThCSI Ha BiHOBJICHHI NOJIAPOrpad)ivHO aKTHBHOTO METPOHiIa-
30Jly Ha PTYTHOMY KPaIlUIMHHOMY €JIEKTPO/Ii 1 BUPI3HAETHCS HU3bKOIO MEYKEIO BUSBIICHHS
(HaMu eKCIIePUMEHTAIFHO BU3HAYCHO Cpyiy = 1,5~10’7 M), IpocTOTOI0, EKOHOMIYHICTIO.

JlociimKeHHs! BAKOHYBJIM HA IUQPOBIH BOJIbTaMIIEPOMETPHYHIH YCTAaHOBII Y TO€E-
HaHHI 3 TepCOHANEHUM KoMl 1oTepoM [3]. TouHicTP BUMipIOBaHHS MOTCHINATY CTaHO-
BuTh | MB. HeBusnauenictes BuMiproBanHs crpymy 0,1 %. [lorenmian Haxiamamm 3i
mBuakictio v = 0,5 B/c. BukopucToBYBanm TpUENEKTPOIHY CIEKTPOIITHIHY KOMIPKY 3
poboYMM PTYTHHM KpPAIUIMHHUM €JIEKTPOAOM (p.K.€.), HACHUCHUM KaJOMEIBHHUM CIICK-
TPOZOM HOPIBHSHHA Ta IUITATHHOBHUM JOIIOMIXHUM €JIEKTPOIOM. Po3unHEeHni KUCeHb 3
€JIEKTPOJITUYHOI KOMIPKH BHUAASUIM MPOIyCKAHHIM Y€pe3 PO3UHH OYUINEHOTO aproHy
Brponoexk 10-15 xB. Ilomsporpamy peectpyBanu Ha JUIsSHOI moTeHmiamiB Bix 0 o
-1,0 B.

Bcranosneno, mo Ha ¢oHi yHiBepcanbsHOi OydepHoi cymimi 3 pH = 9,6, meTpoHiga-
3011 BIZIHOBIIIOETHCSI 3 YTBOPEHHIM xapaktepHoro miky npu —0,64 B (puc. 1). Otpumanu
rpanyrooBaibHui rpadik s BU3HAYEHHS METPOHia30i1y. MeTposoriuti XapakTepuTHKA
KUTBbKICHOT'O BU3HAYEHHS MeTpoHinazony, pH = 9,6: mexi miniiiHocri 1,47 107%2-10"M;
a=8,9-107 Aa=3,4107; b =74282; Ab = 876; C,= 4,5-10° M; R = 0,99977.

3aJIexHICTh IPaHUYHOTO AU(Y31HHOTO CTPYMY BiJHOBJICHHS BiJi KOHLEHTpALil MeT-
poHia3011y mpocTexyeThes B inTepBani Bix 1,47-10™ 1o 2:107 M, mo 1ae 3mory BHKO-
PHCTOBYBATH ii JIJIsI KIIbKICHOT'O BU3HAYEHHS METPOHIJa30ITy.
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Puc. 1. [Tomsiporpama y po3uuHi METpOHi1a301y Ha (OHi yHiBepcalbHO1 OydepHoi cymini
3pH 9,6,v=0,5B/c, Csyy~ 0,2 M, Cyerp = 4,2:10° M.
Fig. 1. Polarogram in solution of metronidazole on the background of a universal buffer
mixture with 3 pH 9.6, v = 0.5 V/c, Cour ~ 0.2 M, Cppeer = 4.2:10° M.

Bynu Bu3Ha4YeHI TONOBHI BadigalliifHi mapameTpu: pobacHICTh, JTiHIHHICTh, IPaBUIb-
HICTh, MPEUN3IHHICTh Y BChOMY Jiala30Hi 3aCTOCYBaHHA METOIHKH. s TOCHimKeHHS
JIHIAHOCTI mpUrotyBaiu po3dasicHHsIM 3 PC3 neB’siTh MOACIBHUX PO3YMHIB B MEXKax
Jiana3zoHy 3actocyBaHHs MeToauku (Big 80 % mo 120 % BiIHOCHO HOMIHAJILHOTO BMICTY
METPOHi1a30i1y B po34nHi [uisl iH’ekuiit) (puc. 2).
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Puc. 2. I'pagyroBansHuii Tpadik (a) i nonsaporpamu (6) nonsporpadigHOro BU3HAYECHHS
METPOHIIa30J1y Y HOPMaJli30BaHUX KOOP/HHATAX.

Fig. 2. Grading graph (a) and polarogram (b) polarographic determination of
metronidazole in normalized coordinates.
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VY 3a3HaueHMX yMOBax CIOCTepirajach NPSAMOJIHIMHA 3aJeXHICTh T'PaHUYHOTO
IUQyY3IHHOTO CTPYMY BIIHOBIICHHS BiJ KOHIICHTpAaIii METPOHINA307y, a KOeQiIieHT
Kopessii ctanoBUTH 0,99966.

1. Song H., Zhang L., Yu F., Ye B.-C., Li Y. Molecularly imprinted polymer functionalized
nanoporous Au-Ag alloy microrod: Novel supportless electrochemical platform for ultrasensi-
tive and selective sensing of metronidazole // Electrochim. Acta. —2016. — 29 p.

2. JlepxaBna ®apmaxones Ykpaiuu // lepxasue mignpuemctBo «HaykoBo-ekcneptHuii dpapma-
KoreitHuii eHtpy. 1-e Bun., Jonosuenus 2. — Xapkis: PICEP, 2008. — C 506.

3. http://chem.Inu.edu.ua/mtech/mtech.htm

Kateryna Plotnikova, Liliya Dubenska

VERIFICATION OF THE REABILITY OF THE METHOD OF POLAROGRAPHIC
DETERMINATION OF METRONIDAZOLE

Ivan Franko National University of Lviv, Department of Analytical Chemistry
Kyryla i Mefodiya Str., 6, 79005 Lviv, Ukraine, e-mail: katerina2 7pl@gmail.com

A method of the polarographic determination of the metronidazole was developed. A validation of their
developed method was conducted. Optimal conditions for the polarographic determination of the
metronidazole with the dropping mercury electrode were studied out. Optimal value of pH for the process of
polarographic is 9,6 at room temperature. Detection limit 4,6:107 M.

Keywords: voltammetry, polarography, metronidazole.
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3AJIEXKHICTD ®TOPHUJI-IOHHOI ITPOBIAHOCTI BIJI TUITY
KPUCTAJIYHOI CTPYKTYPH

Incmumym 3azanenoi m aneopzaniynoi ximii im. B.1. Bepnaocvkoeo HAH Yxpainu,
8I00IN e1eKMpPOXiMii ma mexHonI02ii HeopeaHiuHUX Mamepianis,
npocn. Axao. Ilannaodina, 32/34, 03142 Kuis, Yxpaina, e-mail: pogorenkoyulija@gmail.com
2 o o . o . .
Cymcokuil deporcasnuii nedazoeiunuil ynisepcumem im. A.C. Makapenka,
Kagheopa ximii ma memoouxu eukiaoanus ximii, gyn. Pomencoka, 87, 40002 Cymu, Yrpaina

VY maHoMy HOBiJOMJICHHI IPEACTABICHI pe3yabTaTH TOCIIHKCHHS 3aIE€KHOCTI eIeK-
TPOIPOBIAHOCTI CKIAAHUX (DTOPHUIB BiJl CTPYKTYPH Ta BMICTY T€TEpOBAJICHTHOTO 3aMic-
HUKA CHHTE30BaHUX Ha OCHOBI (GTOPHIIB ITIIOMOyMY, cTanyMmy Ta P3E.

Briepiiie cuHTe30BaHI CKiamHi GTOPUAN Pi3HUX CTPYKTYypHHX TUiB: MPbLnFg (M =
K, Rb; Ln =Y, La, Nd, Sm, Gd, Ho, Yb) 3i cTpykTypoOI0 rarapuHiry; TBepji po3uuHU
Pb,..Ln,SnF,.,, ne Ln =Y, La, Ce, Nd, Sm, Gd 3i ctpykTyporo S-PbSnF,; TBepai pos-
gnan K,Pb,.,Y,F>..», BaPb,Ce_Fs.,, Ba;CeFs. 31 ctpykrypoto S-PbF, Ta TBepai pos-
ynau Ba,Zr,Ce,. F3+, 3 TicoHiTOBOIO CTpyKTyporo. Jloci/keHa 3allexkHICTh iXHBOT
CJICKTPOIIPOBITHOCTI BiJ CKJIALy Ta CTPYKTYPHHX OCOONHMBOCTEH, BH3HAUCHA MPUPOIA
HOCIiB 3apsIy Ta OIliHKa IX KOHIIEHTpAIIii.

IToxazano, mo B cucremi MF-PbF,—LnF; (M = K, Rb; Ln = La, Nd, Sm, Y, Gd, Ho,
Yb) 3 karionamu P3E Bemukoro paxiyca (La’*, Nd**, Sm*") yreoprororsest cknaani pro-
punau 3i cTpykryporo rarapurity MPbLnF. I3 xationamu P3E menmoro paaiycy Y,
Gd**, Ho’*, Yb’") yTBOproroThCst jmIe TBEp/i PO3UMHH TeTePOBATEHTHOTO 3aMiICHH,
MPOBIHICTh SIKUX HPHUOIM3HO HA TOPSAAOK BEIUYMHM OUbIA, HDK CTEXIOMETPUYHHUX
dropuzis. IIpu upoMy GTOPHUANPOBIAHI a3y, IO MICTATH y CBOEMY CKIai KaTionn Y
ta Ho'" MaroTh HaifGibIry mpoBiAHICTH Ta HAfMEHITY eHeprilo aKTHBALLT TPOBIIHOCTI.

VY cucremax PbF, — LnF; — SnF,, PbF, — YF; — SnF, ta KYF,— PbF,, Ha BinMiHy Bix
NOIIepeIHbOI, ~ YTBOPIOIOTHCS ~ TBEPAI  PO3YMHH  TI'ETEPOBAJICHTHOTO  3aMilllCHHS:
(1-x)PbF, — xLnF; — SnF, (0 < x £ 0,2) Ta (1-x)PbF, — xYF; — SnF, (0 <x £ 0,17) — Tet-
paroHHanbHA cHUHTOHIA (cTpykTypa f-PbSnF,) Ta (1-x)KYF, —xPbF, (0,47 < x < 0,69),
BaPb,Ce;_Fs., (x = 0-1), Ba;,Ce|Fs, (x=0,03; 0,05; 0,10) — kybiuHa CUHTOHis (CTPYK-
Typa -PbF,).

Monamu Pb*" y crionmyni BaCeFs mosxua nosHicTio 3amictuty itoru Ce’". TIpu oMy
YTBOPIOETHCSL HETIEPEPBHUI psl aHIOHACDIMUTHAX TBEPAUX PO3UMHIB, MIO KPHCTATI3Y-
€Thes y (IIFOOPHTOBOMY CTPYKTYpHOMY T (Fm3m). Vonn Ce®" y cromyni BaCeFs
MOYHA 3aMiCTHTH He nuie Kationamu Pb*', ane it kationamn Ba®'. Byno cuuTesoBamo
TBepai po3unnu Ba,,,Ce Fs., (x =0,03; 0,05; 0,10) i3ocTpykrypHi BaCeFs.

[Tpu 3amimenni nepito B crpykrypi CeF; fionamu Gapito Ta HIMPKOHIIO B YCiX BUIIAI-
Kax yTBOPIOIOTBCA OAHOGA3HI TBEpAl PO3YUHH TETCPOBAJICHTHOrO 3aMIIIEHHS 3i
CTPYKTYPOIO TICOHITY (reKcaroHajibHa CHHTOHis, 1p. Tp. P-3¢1).

Mertonom Bucokoremmeparypuoi AMP PF CIICKTPOCKOITiT BCTAHOBJICHO, 1110 aHIOHU
¢dTOpy B 3pa3Kax yciXx CHHTE30BAaHMX CIIOJNYK 3HaXOIATHCS B TPbOX CTPYKTYpPHO-HEEKBi-
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BaJICHTHUX TTO3ULISX, SKi BIAPI3HAIOTHCS JIOKAIBHUM OTOYEHHSM Ta IPUPOIOIO0 3B SI3KY 3
fionamu MetaniB. Criektpu SIMP Bcix nocmipkeHHX (QTOPHUIIB NIPH TEMIIEpaTypax HHUXK-
yux 3a 300 K mpencraBinsioTs co0010 CyNepHo3nIliI0 TPhOX CKIAJ0BUX CHTHANIB 3 Pi3-
HUMH XIMI9YHAUMH 3CyBaMH. BiAIOBiTHO pO3pI3HAIOTH HEPYXOMi, JOKAITBHO-PYXOMi Ta
BHCOKOPYXoMi (MDKBY37I0Bi) aHiOHH (TOopy. 3i 30iIBIICHHAM TeMIlepaTypH BigOyBa-
€ThCS TIEPEPO3MOIIN aHIOHIB (TOPY MIXK IMO3MIISIMHU, SAKi BOHH 3aiMaioTh B CTPYKTYpi
CHUHTE30BaHMX 3pa3KiB. JlOMiHYIOUOIO 3a IHTErpaJIbHOK IHTEHCHBHICTIO Y CYHEPIIO3HILIii
CTa€ CKJIAZOBA, II0 XapaKTepU3y€e MiXKBY3JIOBI aHioHHU. lle CBIAYHTH Ha KOPHUCTH TOTO,
10 MPOBIJHICTh CHHTE30BAHUX CIOJIYK 3a0e3MeuyoTh MXKBY3JI0B1 aHioHu ¢Topy. KoH-
LEHTpaLisl MDKBY3JIOBUX aHIOHIB (hTOPY 3aJIeKHTh BiJl CKJIaJy Ta OyJIOBH CHHTE30BaHUX
CHOJIYK 1 3pocTae i3 30UIbIIEHHSM TemrepaTypu. Tak, HaOpUKIaja, SKIIO B 3pa3Ky
KPbLaF4 rarapuniToBOi CTpYKTYpH KOHLIEHTpALlisi BUCOKOPYXJIMBUX HOHIB (TOpy NpH
300 K omintoeTscst BenmuuuHOO 13%, TO B 3pasky TBEpAOro PO3UMHY (IIIOOPHUTOBOT
ctpykTypu PbyoNdySnF,, Bona csarae 40%, a mpu 600 K — 83%. HaiiBuma xoHIeH-
Tpamis MDXKBY3JIOBHX aHIOHIB ()TOPY B 3pa3kax TBEpAUX PO3UHHIB FEeTEPOBAICHTHOTO 3a-
MIIIEHHS, 130CTPYKTYpHUX [-PbSnF,.

Ha 3anexxHOCTSX €IeKTPONPOBITHOCTI BiJ TEMIEpPaTypu KOKHOTO i3 CHHTE30BaHHX
3pa3kiB (GTOPUANPOBIAHUX (a3 (IOOPUTOBOI CTPYKTYPH B KOOPAMHATAX PiBHIHHA
Apeniyca-®penkens B temrieparypHomy iHTepBaii 435-475 K (s TBepAMX pO34YMHIB
Pb,..LnSnF,. i Pb; Y, SnF4.,) ta 530-580 K (mns tBepmux posumuiB K.Pbi .Y, Fi2)
peecTpyeThes TIeperuH (Tak 3BaHui «(apaaeiBcbkuil (pa3oBuil epexiay), NpUTaMaHHUH
OUIBIIIOCTI TBEPAMX CICKTPOJIITIB 3 (PIOOPUTOBOIO Ta AaHTH(MIIOOPUTOBOIO CTPYKTYPOIO,
00yMOBJICHUH 30UIBIIEHHAM PYXJIMBOCTI aHIOHIB ()TOpYy NpH 301JIbLICHHI TEMIIEpaTypu
(puc.1). OTpuMaHi pe3ynbTaTH CHIBIANAIOTH 3 JaHHMH BHCOKOTeMneparypHoi IMP "°F
cnexrpockorii. lIluprHa crieKTpaIbHIX CMYT 0CATA€E TPAHMYHUX MiHIMAJIbHUX 3HAYCHb
(3,20-3,25 x[') B pOMY X TEMITEpaTypHOMY iHTEpPBai.

Bcranosneno, mo npu temmeparypax, Hkaux 3a 350 K mpoBigHIicTh TBepAHX PO3-
YHHIB PaKTHYHO HE 3aJICKUTH BiJl KOHIICHTPALlii reTepoBaJIeHTHOTO 3aMicHUKa ((propu-
ny P3E), a mpu Temmeparypax BUIIuX 3a (apaneiBChbkuii (a3oBWi Imepexid, BOHA
3pocTae 3i 30UIblIeHHsIM Horo BMmicTy. EHepris akTuBalii #OHHOT MPOBIAHOCTI MPH 11HO-
MY 3MEHIIY€ETHCS, IO CBIIYUTh HA KOPHCTH TIEPEHOCY 3apsiiy MIKBY3JIOBUMH aHIOHAMHU
¢ropy.

3aMillleHHsT KaTioHIB IUIIOMOYMY HeBesmKoo KinbkicTio LnF; (x < 0,07) 3menmye
NPOBIIHICTH TBEpANX po3unHiB Pby ,Ln,SnF4,, Maibke Ha NOPAIOK BEJIMYNHH MOPIBHSHO
3 -PbSnF,. Binbm BucOKy mpoBiaHICTE MaroTh 3pasku 3 BucokuM (10,0-15,0 mon. %)
BmicroM P3E (puc. 1). [Ipn onnakoBomy BmicTi P3E npoBinHICTh TBEpAUX pO3UMHIB, 32
BHUHSATKOM THX, IIO MICTATH TPU(DTOPHI TaIOJiHIIO, 3pOCTae 3i 3MEHIICHHSIM pajaiyca
Ln’", a eneprist axtuBauii 0GepHEHO MPOMOPIIHHO 3MeHITyeThes. [IPOBiHICTD TBEPAHX
po3unHiB Pb,,Ln,SnF4., Ta rpaHnyHUii BMIiCT X B HUX TE€TEPOBAJICHTHOI'O 3aMiCHHKA
(P3E mepieoi rpymu — La, Ce, Nd, Sm) TuMm BuIli, YAM BHUIIA TOJApHU3YIOYa CHIIA
(Menmmit ioHHMIA paaiyc) kariony P3E.

Ipu 3amimtenHi #ionis Ce’” Ha Pb®" y comymi BaCeFsytBoproioThest anionaedinutHi
TBEpJl PO3YMHHM, L0 XapaKTEPU3YIOTHCS BUILOK IPOBIAHICTIO, HIX BUXIIHA CIOJIYyKa,
JIOCATAI0YMd MaKCUMAalIbHUX 3HAa4YeHb Ui 3pa3ka ckiiangy BaPbggoCeo10F4.10 (7,36-10’4
Cwm/cm mpu 573 K). YV tBepaux posumnax tuiy Bap.,Ce; . Fs.. 3aMillicHHS HEBEIHKOIO
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Puc. 1. TemnepatypHi 3aJIeKHOCTI €I€KTPOIPOBITHOCTI CKIATHUX (QTOPHUIIB:
1 —Zro,lceo,9F2,9; 2 - KPbLaFg; 3 - K0,65Pb0,35Y0,65F3,3; 4 - B31,05C60,95F4,95;
5 —BaPbyyCe,Fy1; 6 — Pbgg7Y0,135nFy 13; 7 — PbggNdy ;SnFy
Fig. 1. Temperature dependencies of the electrical conductivity of complex fluorides:
1- Zro,lceo,on,e; 2 - KPbLaFg; 3 - KO,GSPb0‘35Y0,65F3,3; 4 - B31,05C€0,95F4,95;
5 —BaPbgoCe,1F415 6 — Pbog7Y0,1380F 4 13; 7 — PbogNdy 1 SnFy s

KinbkicTio BaF, (x<0,03) nmpakTuuHO He BIIMBA€ HA NPOBIIHICTH, & CHEPrisl aKTUBALii
IIpH IIFOMY [IeII0 BUIIa mopiBHsHO 3 BuxigHuM BaCeFs. HaiiBumry enexTpompoBinHiCTh
MAIOTh 3pa3KH, Mo MicTATh 5 Mon.% BaF, (E,= 0,5 eB, o5,;=1,04- 107 Cwm/cwm).

3a BEIMYMHOIO TPOBITHOCTI 3pa3KH i3 KOXKHOI TOCHIPKEHOT TPy (GTOPHUIIB MOXKHA
pO3TalIyBaTH B HACTYIHIH MOCTITOBHOCT:

Pb],xLHXSIlF4+X > Pb],xYxSIlF4+x > Kbel-xYxF2x+2 > BanXCeI_XF5_x > MPbLIlF6 >
> Baxcel,ij,_x > BaeryCel_x_ng_x+y > erCel_xF3+x.

Yuliia Pohorenko', Roman Pshenychnyi’, Tamara Pavienko', Anatoliy Omelchuk’

DEPENDENCE OF FLUORIDE-ION CONDUCTIVITY FROM THE TYPE OF CRYSTALLINE
STRUCTURE

! Vernadsky Institute of general and inorganic chemistry of the Ukrainian National Academy of Sciences,
prospekt Akademika Palladina, 32/34, 03142 Kyiv, Ukraine, e-mail: pogorenkoyulija@gmail.com

’A.S. Makarenko Sumy State Pedagogical University, Romenskaya st., 87, 40002 Sumy, Ukraine

The thesis present results of research aimed at creating scientific principles of the synthesis of electrolyte
materials for solid-state electrochemical devices for various purposes.Complex fluorides with gagarinite
structure, MPbLnFs (M = K, Rb; Ln =Y, La, Nd, Sm, Gd, Ho, Yb), and fluorite structures, Pb,.,.Ln,SnFy.,,
where Ln = Y, La, Ce, Nd, Sm, Gd (structure -PbSnF,) and K,Pb,,Y,F., ,BaPb,Ce,.Fs., Ba;..Ce. .Fs.
(structure B-PbF,), and tysonite structure Ba,Zr,Ce...,Fs.:,, have been synthesized for the first time; their
electrical conductivity and their dependence on composition and structure peculiarities have been studied, the
nature of charge carriers has been determined, their concentration has been estimated.

Key words: fluoride ion solid electrolytes; lead, tin and rare earth elements fluorides; electrical conducti-
vity; transport numbers; ion mobility.
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ELECTROCHEMICAL DEPOSITION OF COMPOSITE Ni-TiO, COATINGS
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e-mail: Vprotsenko7@ukr.net

Electrochemical deposition of composite coatings provides the fabrication of fini-
shing layers with enhanced microhardness, high wear and corrosion resistance and al-
lows imparting various useful physicochemical and service properties to the surfaces [1].
For example, it is known that the introduction of TiO, dispersed particles into the nickel
matrix results in a substantial improvement in the mechanical and physicochemical pro-
perties of coatings [2]. In this work, we studied the electrodeposition of composite Ni—
TiO, coatings using the electrolyte based on the so-called ethaline, a deep eutectic sol-
vent.

Ethaline is composed of the eutectic mixture of choline chloride and ethylene glycol
in the molar ratio of 1:2, respectively. The NiCl,-6H,0 salt was used as a source of
Ni(II) ions (1 mol dm™). Titania nano-powder (Degussa P 25, Evonik, the particle size of
ca. 25-30 nm) was introduced into the plating bath without any pretreatment.

It should be stressed that due to higher viscosity and density [3], the colloidal elec-
trolyte based on DES ensures excellent dispersion stability as compared with "usual"
aqueous systems. No visible signs of coagulation and sedimentation were detected even
after ceasing electrolyte stirring (at least, during one week of observations). This is one
of the most important advantages of colloidal electroplating baths containing deep
eutectic solvents.

The effects of stirring rate, current density and TiO, concentration in electrolyte on
the content of titania in composite deposits are shown in Fig. 1. The highest content of
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Fig. 1. The effects of stirring rate (at 10 mA cm™ and 1 g dm™ TiO,) (a), current density

at 500 rpm and 1 g dm™ TiO,) (b), and TiO, concentration in the plating bath
p g plating
(at 500 rppm and 10 mA cm™) (c) on titania content in the composites

Puc. 1. Brius mBuakocti nepeMinryBanus (mpu 10 MA em? i1 av? TiOy) (a),
ryctaun cTpyMy (mpr 500 06/x8 i 1 T am™ TiO,) (6), Ta konuenTparii TiO,
B erekTportiTi (ipu 500 06/xB i 10 MA cM™) (6) Ha BMICT JIOKCHIY THTaHY B KOMITO3HTAX
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TiO, in coatings is equal to 2.35 wt.%, it is achieved at 500 rpm, 10 mA cm™ and 15 g
dm™ TiO, in the electrolyte. All obtained dependences were interpreted in the framework
of known concepts of composites electrodeposition.

The results of XRD study of electrodeposited composites showed the reflections of
face centered cubic nickel and anatase TiO, planes. Due to a small amount of TiO, in the
coatings, the corresponding reflections from anatase phase were very weak. The broad
half-width values of the XRD profile of Ni indicate the nanocrystalline structure of the
metallic matrix. The average crystalline sizes of the deposits were calculated based on
the full width at half maximum of X-ray peaks of diffraction using the Scherrer's
equation. The calculated values of crystalline size varied in a relatively narrow range of
ca. 9—14 nm. Although there was no marked trend, the lowest crystalline size was
achieved in the case of coatings obtained from the bath with TiO, concentration of
10 g dm™, where the most uniform surface morphology can be observed in SEM images.

Figure 2 shows the effect of the content of TiO, particles in nickel plating bath on the
microhardness of the electrodeposited coatings. An introduction of titania particles into
the nickel matrix and an increase of their content result in an increase of deposits
microhardness. We think that the observed results can be explained on the basis of the
Orowan mechanism. This phenomenon is attributed to the dispersion of fine colloidal
particles, which impede the motion of dislocations in the metallic matrix resulting in an
increase in the material hardness. An appreciable decrease of microhardness at the
highest content of TiO, in the electrolyte (15 g dm™) may be related to the coarsening of
the surface grains which was revealed by SEM study (more defective and less uniform
surface morphology causes diminishing the surface strength of material).

600 F

Fig. 2. Microhardness of coatings expressed
as a function of TiO, content in the plating

f 400 il i bath. The coatings were deposited at stirring
£ rate of 500 rpm and current density of

8 10 mA cm™>

=

-% 200 Puc. 2. MikpoTBepIicTh MIOKPUTTIB

3aexHo Bix BMicTy TiO, B e1eKTpOiTi.
[TokpuTTs Oy OCaPKEHHI TPH IIBUKOCTI
nepemimryBants 500 06/XB i rycTuHi

0 _ | . I — L ctpymy 10 MA cm™
0 2 4 6 8 10 12 14 16 18

TiO, concentration in the plating bath, g dm™

Table 1 demonstrates the influence of TiO, content in the electrolyte on the polariza-
tion resistance of the electrochemical reaction of coatings corrosion (R.). These data we-
re obtained by electrochemical impedance spectroscopy (EIS) technique. The measure-
ments were conducted at open circuit potentials in 3% NaCl solution at 298 K.

The values of R, increases with TiO, content in the electrolyte and hence in compo-
site coatings; this indicates an improvement in corrosion stability. However, this uniform
dependence is violated when titania content in the bath reaches 15 g dm™: a certain de-
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crease of R is observed. Thus, the most corrosion-resistant coatings are electrodeposited
from the plating bath containing a threshold value of TiO, concentration (ca. 10 g dm™).
This corresponds to a large amount of nanoparticles finely dispersed in the metallic
matrix providing the formation of highly corrosion-resistance material.

Table 1. Calculated polarization resistance of the electrochemical reaction of coatings corrosion

Ta6mmus 1. O04nciieHi MosIpH3aLiiiHi OMOpH eNeKTPOXIMIYHOI peakiii Kopo3ii TOKPUTTIB

System Ry, Q cm?

Ni 229.4

Ni-TiO,, 1 g dm™ TiO, in the bath 236.4
Ni-TiO,, 2 g dm™ TiO, in the bath 258.5
Ni-TiO,, 5 g dm™ TiO, in the bath 278.5
Ni-TiO,, 10 g dm™ TiO, in the bath 332.2
Ni-TiO,, 15 g dm™ TiO, in the bath 280.8
Steel substrate 128.9

It was also stated that the synthesized Ni-TiO, composite electrodeposits manifested
the photocatalytic activity towards the reaction of photochemical degradation of methy-
lene blue dye in water under the action of UV radiation.

1. Walsh F.C., Ponce de Leon C. A review of the electrodeposition of metal matrix composite
coatings by inclusion of particles in a metal layer: An established and diversifying technology
// Trans. Inst. Met. Finish. — 2014. — Vol. 92. — P. 83-98.

2. Thiemig D., Bund A. Characterization of electrodeposited Ni-TiO, nanocomposite coatings //
Surf. Coat. Technol. — 2008. — Vol. 202. — P. 2976-2984.

3. Kityk A.A., Shaiderov D.A., Vasil'eva E.A., Protsenko V.S., Danilov F.I. Choline chloride
based ionic liquids containing nickel chloride: Physicochemical properties and kinetics of
Ni(II) electroreduction // Electrochim. Acta. —2017. — Vol. 245. — P. 133-145.
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EJEKTPOXIMIYHE OCAIKEHHS KOMITO3UIIMHOTO TOKPUATTA Ni-TiO, 3
EJEKTPOJIITY HA OCHOBI HU3bKOTEMIIEPATYPHOI'O EBTEKTUYHOI'O PO3UYUHHUKA
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IlokazaHa MOXJIMBICTH €JIEKTPOOCA/KEHHS KOMHO3MLIHHUX MHOKpUTTIB Ni—TiO, 3 BUKOPUCTAHHAM
@JICKTPOJITY Ha OCHOBI HU3BKOTEMIIEPATypHOTO €BTEKTHYHOro po3unHHHKA cthaline (eBTeKTHYHa Cymiml
STWJICHIIIIKOMIO Ta XOJIiH XJIOpHAY). BH3HaYeHO BIUIMB JESKHX YMOB €JIEKTPOII3y Ha BMICT JUCIEPCHOI (asu y
KOMITO3UTI. Bin3HaueHO 3pocTaHHS MIKPOTBEPIOCTI 1 KOPO3iHHOI CTIHKOCTI NP BIPOBAJDKEHHI YaCTHHOK
IIOKCHIY THTaHY y HAHOKPUCTATIYHYy HiKeneBy MaTpuio. IlokazaHo, IO CHHTE30BaHI KOMIIO3HILHHI
MOKPHUTTS NPOSIBIIIOTH (HOTOKATATITHYHY aKTHBHICTh CTOCOBHO PeaKiil po3Kiiaay OpraHiyHOro GapBHUKA.

Kniouosi cnosa: eneKTpoOCaPKeHHS, KOMIIO3ULIHHE TMOKPUTTS, HiKelb, JIOKCH] THUTaHy, HU3bKOTEMIIE-
patypHuil eBTEeKTHYHUI PO3UNHHUK
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®i3uKo-xiMi4Hi 1 TeXHI4HI TPOOIEMH, OB’ sI3aHi 3 PO3IIMPEHHIM Ta MPAKTHYHUM BH-
KOPHUCTaHHSM €JIEKTPOCHHTE3Y BOJHIO, SIK OJJHOTO 3 €()eKTMBHUX EKOJOTIYHO OE3IIEYHUX
€HEproHOCiiB, BH3HAYAIOTh HEOOXIAHICTH PO3POOKH HOBHX METOAIB €(EeKTHBHOTO
BUPOOHULITBA IbOTO eHEProHocis. OHUM 3 MEPCIIEKTUBHUX METOIB OTPUMAHHS BOJIHIO
€ Oro eJeKTPOCHHTE3 3 JICTONSPU3ALIEr0 aHOIHOTO MPOLECY CIUIAaBaAMH aJFOMIHil0, II0
MIpH CydYacHii iHPpacTpyKTypi BUPOOHHIITBA AIFOMIHIEBIX CIUIABIB Ta BEIHKHX 00’ eMax
BTOPUHHOI aIOMiHI€BOI CHPOBHHH /A€ 3MOTY OTPHUMYBATH BOJEHH IIISIXOM XIMI9HOTO
PO3YMHEHHS ANMOMiHI€BUX CIUIABIB B JYXHHUX PO3YMHAX 32 PAXYHOK iHTEHCHBHOI KOpO3ii
3 BOAHEBOIO ACTIOJIPHU3ALIEI0, 8 TAKOXK HOI0 aHOAHOTO PO3UMHEHHS.

3 ypaxyBaHH;IM 00’€MiB BUPOOHMIITBA anfoMiHit0 B aesikux kpainax (CIIA, Kanana,
Pocisi, HopBerist), siki 1OCSATAIOTh 1 NMEPEBHUILIYIOTh BUPOOHUITBO CTali, BUKOPUCTAHHS
CIUIaBIB QJIIOMIHIIO JUIi CHUHTE3y BOAHIO 3MEHILIYE HOro cOOIBapTICTh IOPIBHSIHO 3
JY’KHUMH €JIEKTPOJIi30M B 2-3 pasu i, B ACSKUX BHIIQJIKaX, OCSATae co0iBapTocTi moody-
TOBOTO MPUPOJTHOTO ra3y. BHpOOHHMLTBO BOJHIO ILIIXOM PO3YMHEHHS AJTFOMIHIEBHX
CIUIaBIB B JIy>)KHHUX Ta JIY)KHOXJIOPHJHHUX PO3YMHAX B €JICKTPOXIMIUHMX PEaKTOpax HeBe-
Kol moTyx)HOCTi (mo 10 M3/1“OJ:[) HEe TOTpeOye CKIaTHUX TEXHOJOTIYHHX CXEM, MaTe-
piayio- Ta eHeproeMHOTO 3a0e3eUeHHs, Ma€ BEIUKUN PiBeHb €KOJIOTIYHOI OC3MEKH.

B po6oti mocmimkeHO XiMidHE Ta eIeKTPOXiMidHEe PO3YMHEHHS CIUIABIB aJIOMIHIIO B
€JIeKTPOJITaX CKJIAJ SIKMX HaBeleHo B Tabmumi 1. PoOoui emexTpoan BHTOTOBISUH 3
IUIACTHH 31 CIUIaBIB AIIOMIHIIO MIOPCTKICTIO V 5 kiacy moBepxHi. IIBuAKicTh po3uu-
HEHHS! BU3HAYaJM 32 BEJIMYMHAMHU 3MCHIICHHS Bard €JICKTPOJIB Ta 00’€My BHIUICHHS
BOJIHIO JUIsl (hiKCOBaHOI MOBEPXHI 1 yacy po3unHeHHs. KiHeTH4HI mapaMeTpu aHOIHOTO
PO3YMHECHHS pOOOYNX ENEKTPOMIB 3i CIUTaBy anmroMiHiFo AMI', BU3HAYalu MUIIXOM aHa-
73y NOTEHUIOAMHAMIYHHUX Ta rajJbBaHOCTATUYHUX 3aJE€KHOCTEH, OTPUMAaHUX Ha MOTCH-
miocraTi P-45X, B cTaHmapTHUX KOMIpKax 3 XJIOPUACPIOHUM €IEKTPOIOM ITOpPiBHSHHS.
BusHaueHHs KiHETHYHUX 3aJISKHOCTEH HMPOBOIMIOCH 3a JOIOMOTOI0 MPOrPaMHOro 3a-
Oe3neueHHs moreHIiocrary P-45X.

Ha puc.1 moka3ani aHOIHI TOTEHIIOAWHAMIYHI KPHBI PO3YNHEHHS CIUIABY AJIFOMIHIIO
AMT B enextpomitax 1-5 mons/mm’ NaOH 6e3 ta 3 gomimkoro 0,08 mons/am’ NaCl mpu
IBHAKOCTI posropranus motenmiany ImB/c. B 1 mons/am’ posumni NaOH (puc. 1,
KpuBa 4) mpu 3MiHI OTEHIIANIB aHoAiB Bix —1,5 1o +1,5 B ryctuna cTpymy 3pocTae 110
rpannyHoi Bennuunau 0,1 A/cM?, a HOTIM HE3HA4YHO 3meHmyeTbest Ha 0,005-0,01 Alem?
npu noreHuianax E, = +0,5-1 B.

Ipu BBeenHi B posumn 1 Monms/mm’ NaOH 0,08 mMoss/nv® NaCl (puc.1 kpusa 3) B
YMOBaxX aHOJHOI MMOJIIPH3AIii TAKOXK BiMI4a€ThCs 3MIIICHHS MMOTEHIIANIiB B MIO3UTHBHY
o0xacTe, pu 30UTBIICHH] TYCTHHU CTpyMy. B iHTepBami morenmianis £, = —-0,5+0,5B
TIPOSIBIISIETHCS CTa0LTi3amis TYCTUHH CTPyMY, a TOTIM BOHA 3pocTae. Taka 3aJeKHICTh
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Taomuus 1. [Tapamerpu pozunnenns amominito B NaOH ta BuzmineHHs BogHio*

Table 1. Aluminium dissolution and hydrogen evolution parameters in NaOH

. T'ycrnna Hanpyra ITuToma Bara ITutomuii 06’ eM
Enextponit CTpyMy €JIeKTpO-
Da Daa ngy’ B APX APx+e Vx Vx+e

NaOH IM | 34 |24-25]| -0,2-04 | 507-10° | 810 | 6,0810° | 9,6:10°
NaOH 2,5M | 4-5 5-8 +0,1-0,5 | 5,5:10° 1-102 | 6,6:10° | 1,2:107
NaOH5M | 7-8 6-8 -0,3-0,1 1,2:102% | 1,4-10% | 1,52:10? | 1,810

NaOH IM + 102 102 102 102
0.08M NaCl 4-5 3-4 0,1-0,3 1,2-10 1,2-10 1,08-10 1,44-10
NaOH 2,5M + 102 102 102 102
0.08M NaCl 5-6 7-9 0,2-0,5 1,11-10 1,23-107 | 1,33-10 1,48-10

NaOH 5M +

7-10 | 8-10 0,2-0,5 1,59-10% |1,59-102 | 1,91-102 | 1,81-10?

0,08M NaCl

*TIpumitku: D, — TyCTHHA CTPYMy Ha MOBEPXHIO aHOJA, Alnm%; Dy, — TYCTHHA CTPyMy
06’emua, mA/cM’; AP, — muTOMa Bara XiMIYHOTO PO3YMHEHHS aHOAa, r/eM? rog; AP, — mUTOMA
Bara XiMIYHOTO Ta EJIEKTPOXIMIYHOTO PO3YMHCHHS, r/em®Tom; V., — muroMmuil 00°€M BOIHIO
XIMIYHOTO  PO3YUHEHHS, Z[MB/CM2~FO[[; Vite — THTOMHH 00’€M BOJIHIO XIMIYHOTO Ta
CJIEKTPOXIMIYHOTO PO3UHHEHHS, Z[Ms/CMZTO)I.

3yMOBJICHA aKTHBYIOUOIO JI€I0 XJOPUA-IOHIB Ha MEXaHi3M aHO/HOI peaklii OKUCHEHHS
ANFOMIHIO, fKi, afcOpOyIOUNCh Ha aHO/I, MEPENIKOKAIOTh YTBOPEHHIO TaM OKCHIHUX
cnonyk. [Ipu 36inemienHi korneHTpanii NaOH mo 5 MOJ'IL/Z[M3, AHOJIHA PEAaKIIisl PO3YH-
HeHHs craBy AMI B inTepBani norenuianis £, = —0,5+0,5 B xapakrepusyeTbcst 3011b-
IICHHSM IIBUAKOCTI PO3YMHEHHS ANFOMIiHIIO TIPU BiICYTHOCTI TPaHUYHOI TYCTHHU CTpPY-
My i Hepexoly B IaCUBHHUIH CTaH.

08 r

06

(]

-1.5 -1.0 -0.5 0,0 0.5 1.0 1.5
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Puc. 1. AHOzHI monsipu3aliifHi KpUBi pO3UNHEHHS CIUTaBy amoMiHito AMI™ B pozunHax:
1 —5M NaOH + 0,08 M NaCl; 2 - 5 M NaOH; 3 — 1 M NaOH + 0,08 M NaCl; 4 — 1 M NaOH

Fig. 1. The anodic polarization curves aluminum alloy AMG dissolution in solutions:
1 -5 M NaOH + 0,08 M NaCl; 2 — 5 M NaOH; 3 — 1 M NaOH + 0,08 M NaCl; 4 — 1 M NaOH.
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Ha ocHOBiI aHaizy XpOHOIIOTEHIIIOMETPUYHHUX 3aJE€XKHOCTEH pO3paxoBaHi MHUTOMI
MTOKA3HUKHU XiMIYHOTO (KOPO3IMHOT0) Ta eIEKTPOXIMIYHOTO PO3YHMHCHHS ATFOMIiHIEBOTO
crutaBy AMI, a Takok 00’e€MU BHIUICHHS BOAHIO, SIKi IPUBEACHI B Ta0mui 1.

Ha ocHOBI mpoBeieHUX AOCHIIKEHb OYJIO BCTAHOBJICHO, IO NMUTOMAa Bara pO34H-
HeHHs ciuiaBy AMI 3aieuTh Bil KOHIICHTpAIlii T1IpoKcuay Hatpito, akruBaTtopa NaCl,
TeMIepaTypH, MIOPCTKOCTI MOBEPXHIi CIUIaBy, 00’ €MHOI Ta IOBEPXHEBOI I'YCTHHU CTPYMY
PO3YHMHEHHS aHOJA.

1. Kosun JI.®., Bonkos C.B. CoBpemeHHasi eHepreTuka U exojorisi — Kues: HaykoBa mymka,
2006. - 773 c.

2. Jhyxawyx T.C., Jlapun B.J. Koppo3noHHOE OBEACHNE ATIOMUHHA U €T0 CIUIAaBOB B PACTBOPAX
rHIpoKcHaa HaTpust // BicHuk XapKiBChKOTO HaliOHAIBHOTO yHiBepcuTeTy. — 2009. — Ximis. —
Bur. 17(40), Ne 870. — C. 253-258.

3. HLleiionun A.E., )Kyx A.3. KoHnenuus amoMoBOAOpOIHON dSHepreTuku // Pocc. Xum. KypH. —
2006.—T. 1, Ne 6. — C. 105-108.
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HYDROGEN SYNTHESIS BY ALUMINIUM ALLOY (AMg) DISSOLUTION IN
ALKALINE-CHLORIDE SOLUTIONS

National Technical University “Kharkiv Polytechnic Institute”,
Kirpichova Str., 2, 612025 Kharkiv, Ukraine, e-mail: rudenko231@ukr.net

The kinetic dependences of the aluminum AMg alloy corrosion and anodic dissolution in alkaline-chloride
solutions were studied. Hydrogen evolution occurs due to hydrogen depolarization in the potentials interval
that excludes aluminum passivation. The hydrogen production by the proposed method in small-capacity
electrochemical reactors (up to 10 m*/h) doesn’t require usage of electrolytic cells with a separation element
(membrane or diaphragm), complex technological schemes, deficit materials, energy-intensive provision. For
its implementation, renewable energy sources can be used. This process is safer because of absence of oxygen
discharge.

Key words: hydrogen electrosynthesis, aluminum alloy, depolarization, renewable energy
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3ACTOCYBAHHSI I'A30/IA®Y3IMHOTO KATOY B
EJIEKTPOXIMIYHOMY CUHTE3I T'TIIOXJIOPUTY HATPIIO
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Hayionanenuii mexuiunuii ynisepcumem «Xapkiecokuil noaimexHiuHuil iHCIumymny,
eyn. Kupnuuoea, 2, 61002 Xapxis, Yxpaina

ZXapKischmZ depoicasHuil yHigepcumem Xapyy8anHs ma mopeieii,
eyn. Knouxoscoka, 333, 61000 Xapxis, Yxpaina, e-mail: rutkovskaya9@gmail.com

BopHi po34rHM TiTOXJIOPUTY HATPi0 MIUPOKO BUKOPUCTOBYIOTHCA IS Ae3iH(eKil,
3HE3apaKeHHs Ta Je30JJ0PYBaHHS B 0araThox cdepax >KUTTEMISIBHOCTI JIOAUMHA. J[s
OJICp)KaHHS PO3YMHIB TIMOXJOPUTY HATPIIO 3aCTOCOBYIOTH [BAa METOAM: XIMIYHHHN i
enexrpoximiuynuii [1]. Ximiyauii Meros mossirae B 00pooOui sty:xHUX po3unHiB (NaOH,
Na,CO; Ta iH.) xs10pom. EnexkTpoxiMiyHUi METOZ I03BOJISIE OJIEPKYBATH BOIHI PO3UUHH
TiOXJIOPUTY HATpil0 Oe3mocepeHbO Ha MICHSAX CIIOKMBAaHHS 0€3 3aCTOCYBaHHS Ta3o-
noaiOHoro abo ckparuieHoro xJjopy. Heomikom enekTpoxiMiyHOTO METOIY € BiJHOCHO
Hu3bKa KoHueHTparist NaClO, ta Bucoki muromi Butpatu NaCl.

[MpuunHoto Hu3pKkoi KoHeHTpawii NaClO, mo BUpOOIse€ThCS eNeKTPOXIMIYHUM Me-
TOJIOM, € BiIHOBHI ITpoIiecH y Oe3miaparMoBoMy eNeKTpoITi3epi eNeKTPOXiMiTHOTO CHH-
Te3y BOJHUX PO3YMHIB TIMOXJIIOPUTY HATpito. ICHyI0Ul Ha TemepimHiii 9ac METOIN ralb-
MyBaHHS KaTtoxHoro BimHOBIeHHS ClO™ mUIIXOM JOJaBaHHS CIIONYK KalbIii0, MarHiio
Ta XpOMY HE 3aBXK/H € JOMYCTHMH.

Bupimmti npobiemy karonHoro BigHoBienHst ClO™, 6e3 3a0pyHIOBaHHS KiHIIEBUX
PO3YHHIB T1IOXJIOPUTY HATPIIO, MOXKIIMBO MPH 3MiHI IPUPOJH KATOIHOTO MPOLECY 3 BHU-
JIJICHHST BOJIHIO HA BiJIHOBJICHHSI IIIBEJICHOTO B €JICKTPOJIT KUCHIO. 3MiHA MTPUPOIH Ka-
TOJHOTO TPOLECY AO03BOJIUTH 3HAUYHO 3HM3UTH PI3HUILIO E€JIEKTPOAHUX IMOTEHLIaNIB, Ta
Kepyoui IBUIKICTIO NOAa4l KHCHIO nepemkopkary masoxay ClO™ no moBepxHi kaToxy.

Jlst mepeGiry Ha KaToai BiJHOBJICHHS KHCHIO BHKOPHCTOBYBaJIM Tra3oqudy3iiHuUiA
Karon. Sk mopyBaTy ocHOBU BHKOpHcTOBYBaiu rpadit Mapku 1" 50. Mazogudy3ittamii
KaToZ CKJagaBcid 3 TUTAHOBOTO CTPYMO 1 Ta3omiIBOAY Ta rpadiToBOTO EIeKTPoAy,
3aKpIIUIEHOTO B CTPyMO- i TazomiaBoxi. ['padiToBuil enexTpox OWITIHIPUIHOT (OpMH
MaB fiametp 15 MM i TOBImHHY 5 MM. 3 THJIFHOI CTOPOHH TPadiToOBOrO eneKTpoay Oyia
OpraHi3oBaHa IoJjada KHCHIO BiJl MOBITPSHOT'O KOMIpPECOpa 3 MOXKIIMBICTIO KepyBaHHS
00'eMOM TIOBITpSI, IO MOAAETHCA [2].

[Tpu nopavi MOBITPsSL 0 MOBEPXHI MOPYBATOrO KaTOAY CTBOPIOIOTHCS YMOBH JUIs
nepediry KaToJHOTO BiJTHOBJICHHS KHCHIO:

0, +2H,0 + 4e =40H".

CrangapTHUI oTeHIian peakuii BiHOBIeHHs kucHIO ckianae 0,401 B. 1o € 3nau-
HO MCHIIIC 32 CTaHJapPTHUH IMOTEHITIAT BOJHEBOI peakiii. 3HMKCHHS PI3HUII MOTCHITIATIB
B CJCKTPOXIMIYHOMY CHHTE31 TIMOXJIOPUTY HATPIF0 MO3UTHUBHO CKa)XXCTHCS HA IHTOMI
BUTPATH CJIICKTPHYHOI €HEprii Ta IMOBUHHO MPUBECTH J0 TABMYBaHHS MIKiIJIHBOIO HPO-
I[ecy KaTOJHOTO BiTHOBIICHHS TIIOXJIOPHT 10HIB.
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BonpT-amriepHi 3aieKHOCTI OTPUMYBAJIM 3a JOINOMOTOI0 IMITYJIBCHOTO ITOTEHIIO-
crara I11-50-1. IIBuakicte posroptku moteHmiamy 10 mB/c. Tlomspusamiiiai gocmia-
JKEHHSI TIPOBOJIMIIA B €NIEKTPOXIMIYHIA KOMIpII P KiMHATHI# TemnepaTypi. Katon — ra-
30auy3iiiHIA, aHO — TUTaH 3 OKCHAHAM TUTAHOBO pyTeHiioBuM mokputTsiM (OPTA).
I'padiToBuii enexTpox aKTHBYBaIH 0OPOOKOIO B OKHCHIOBAYaX I CTBOPSHHS Ha HOTO
MOBEPXHi IIapy aKTHBHUX CIIOJIYK BYIJICLFO, Ta HAHOCHIM METOAOM TEPMIYHOI'O PO3-
KJIaJy HITpaTy HIKelo OKcuau Hikenmo [2]. EnexTpon mopiBHSHHS — XJIOPUACPIOHHIA.
Bci 3Ha4YeHHs OTEHIIAIIB IIepepaxoBaHi I0/JJ0 BOAHEBOIO eJIEKTPO/Ia.

BonpT-ammniepHi 3anexxHocTi mepediry KaToJHOro Ipoiecy Oe3 Imojadi MOBITps
(muB. puc., kpuBa /), 3 mojauero MoBiTpst O6e3 (puc., kpuBa 2) Ta 3 Ha UIMIIKOM (pHC.,
KpHBa 3) MOBITPA.
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Puc. Karonui nonapusaniiiai 3anexnocti y Bogaomy posunni NaCl — 3 Mons-am .

Fig. Cathodic polarization dependencies in a solution NaCl — 3 mol-dm™.

Ha nomsipu3artiiiaiii 3a71e:KHOCTI MOXKHA BHIUTATH [IBi JUTBHUII, SIKi BKa3ylOTh Ha TIe-
pebir aBox pizHMX mporieciB. Ilepma TiTPHUIS MOYMHAETHCS BiJ PIBHOBAXHUX ITOTEH-
miamiB (=0,31 B) i mpoxoxuts 10 —0,4 B a1 yMoOB, Koin Tofiada MoBIiTps He 3AiHCHIO-
Bajach (puc., kpusa /). B miamazoni nmorenmianis 0,31...-0,414 B emuHIM MOXIHBHM
MIPOIIECOM € BiIHOBJICHHS KHCHIO, PO3YMHEHOTO B eneKkTpoiTi. [Ipu moreHmianax 6iib-
me 3a —0,414 B mporecu BiIHOBICHHS KHCHIO Ta BHUIUICHHS BOJHIO MepebiraroTh
cymimniero. [ToTiM Xix BompTaMIepHo1 3aJIEKHOCTI Pi3KO 3MIHIOETHCS 1 IIPH MOTEHIlIANaX,
0 € OiIbLI MO3UTUBHUMHU 32 —1,0 B, mounHaeThcsi 3HauHE 3pOCTaHHS TYCTHHH CTPYMY.
Mo BimmoBizae, NepeBaskHO, MPOIIECY BUIIICHHS BOIHIO.

[Tonaya noBitpst B razonudysiiiHuil enekTpol 3MIHIOE XiJ BOJLTaMIIEPHOI 3ajex-
HOCTI. 3pOCTa€e TYCTHHA CTPYMY BiTHOBJICHHS KUCHIO. 3MIHIOETBCS XiJ TEPEXiIHOI Ii-
JITHKU CYMICHOTO BiJTHOBJICHHS KHCHIO 1 BOJAHIO. [liITBEp/DKEHHIM yYacTi KHCHIO B Ie-
pebiry KaTOAHOTO MPOIeCYy € 3HAYHE 3POCTaHHS T'YCTHHHU CTPYMY B Jiama3oHi IMOTCH-
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miamiB —0,4...—1,0 B. TToganbii OCTIPKEHHS 3 MOXKIIUBICTIO BU3HAYCHHS MAPIiaTbHOTO
BUXOJly 32 CTPYMOM KOKHOTO 3 CyMiLIIEHUX IPOLECIB JO3BOJSATH OUIBII YiTKO BCTaHO-
BHTH BIUTUB TOJadi MOBITPS HA Mepedir CyMimIeHUX KaTOJHUX IPOIECIB IPHU EIEKTPO-
XIMIYHOMY CHHTE31 TiHOXJIOPUTY HATPIFO.

[Momaua moBiTps B razoaudy3iiHUI eTSKTPO 3 HAIITUIIKOM (pHC., KpuBa 3) Bps 9d
3MO)Ke 30UTBIINTH BUXI 32 CTPYMOM BiTHOBJICHHS KHCHIO. OMHAK CTBOPEHHSA Ta30-
PIAMHHOTO TOTOKY, IO HANPAaBJICHWH BiJ MOBEPXHI KaTOAYy, MOBHHHO CHPHITH 3HU-
YKSHHIO IT1ABOY T1TOXJIOPHUT i0HIB O OBEPXHI KaTOAY, 1 BiIMOBITHO 3arajJbMye€ BiJHOB-
JICHHSI TIIIOXJIOPUT 10HIB.

[IpoBeneHi MOCTIKCHHS MIATBEPIMIN MOKJIHMBICTh 3aMiHHA TMPHPOTH KaTOTHOTO
MPOIIECY B EJICKTPOXIMIYHOMY CHHTE31 TIOXJIOPUTY HATpit0. BecTaHoBIeHo, 1m0 B aiamna-
3oHi notenmiaiis 0,31...—0,414 B enuHUM MOXIJIMBUM KaTOJHHM IIPOLIECOM Y BOJHOMY
PO3UHHI XJIOPUAY € BIJHOBJICHHS KUCHIO. J[JIs MpakTH4YHOI peatizaiii KaTOIHOTO Bil-
HOBJICHHSI KHCHIO OyJo 3anporioHoBaHo Bukopucratu [1I" 50 3 kaTtaliTHYHO aKTUBHUM
NOKpUTTSIM. Po3pobiiena koHCTpyKuis ra3oaudysiiiHoro Karomy.

1. Topbauos A.K. Texuiuna enekrpoximis. Y. I. EnekrpoxiMiuHi BUPOOHHUIITBA XiMIYHHUX IPO-
nykrie: [linpyunuk / 3a pen. n-pa texs. Hayk, npod. b.I. Baiipaunoro. — X.: BAT «Bunas-
HulTBO «lIpamop»», 2002. — 254 c.

2. Tulskiy G., Tulskaya A., Skatkov L., Gomozov V., Deribo S. Electrochemical synthesis of
hydrogen with depolarization of the anodic process // Electrochemical Energy Technology. —
De Gruyter, 2016. — Vol. 2. —P. 13-16.

Kateryna Rutkovska', Volodymyr Bairachnnyi’, Irina Sinkevich', Sergey Samoylenko®

APPLICATION OF THE GAS DIFFUSION CATHOD IN ELECTROCHEMICAL SYNTHESIS OF
HYDROCHLORITE SODIUM

!National Technical University “Kharkiv Polytechnic Institute”,
Kirpichov Str., 2, 61002 Kharkiv, Ukraine, e-mail: rutkovskaya9@gmail.com

’Kharkiv State University of Food Technology and Trade, Klochkivska Str, 333, 61000 Kharkiv, Ukraine

The process of electroreduction of oxygen in aqueous solutions of NaCl using a gas-diffusion electrode.
The nature of cathodic hydrogen is replaced by the restoration of oxygen fed into the electrolyte. The selection
of the working electrode material for the electrochemical synthesis of sodium hypochlorite is substantiated. A
gas-diffusion cathode was used to conduct the oxygen reduction on the cathode. Polarization dependencies of
the flow of the cathode process are removed without the supply of air, with the supply of air without and with
excess air.

Key words: a gas diffusion electrode, electrosynthesis, depolarization, hydrochlorite sodium, oxygen
recovery.
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Co-N-C EJIEKTPOKATAJIIBATOPHU BI/IHOBJIEHHA KUCHIO HA OCHOBI
N-BMICHHUX CIIPSIOKEHUX ITOJIIMEPIB TA EJIEKTPOXIMIYHO
OJEP KAHUX I'PA®EHOBUX MATEPIAJIIB

Incmumym ¢hizuunoi ximii' im. JI.B. Iucapocescoxoeo HAH Vipainu,
npocn. Hayxu, 31, 03028 Kuis, Yxpaina, e-mail: o.ustavytska@gmail.com

Ha nanwnii 9ac muaTWHOBI e€NEKTPOKATaTi3aTOPH BBAKAIOTHCS HAWOLIBIT eeKTHB-
HUMH y peakuii BizHoBieHHS KucHIO (PBK) — karomHoro mporecy, mo peami3yeTscs B
MaJMBHUX E€JIEMEHTax, 30KpeMa 3 TBEPAOIMOJIMEPHUM EJIEeKTPOJiTOM. Ajie oOMexeHi
pecypcu Pt ta ii BHCOKa BapTiCTh MPHU3BOISTH 0 TOTO, MO came Pt-karamizatopu €
OJIHUM 3 TOJIOBHUX 0ap'epiB AJIs1 KOMEPIIHHOIO MAaCOBOTO PUHKY MaJIMBHUX C€JIEMCHTIB.

Sk onHa 3 HaWOLIBLI MEPCHEKTHBHUX AIbTEPHATHB TPAJULIAHUM eJIeKTpOKaTalli-
3atopam PBK Ha ocHoBi Pt posrisinarorscst Tak 3Bani Me-N-C katanizaropu (Me = Co
ta/abo Fe), siki 3a3BHYail OAEP)KYIOTh BUCOKOTEMIIEPATYPHOIO OOpPOOKOIO PIi3HHMX CIIO-
JyK-JDKEepell a30Ty, HAHOPO3MIpHHMX BYIJIELEBHX MaTepiaiiB i coyieil kobaneTy Ta/abo
3amiza. [lepeBaroto BukoprcTaHHs a30TBMicHUX cnpsbkeHux nomiMepiB (N-CII) sk mke-
pen a3ory mpu cTBOpeHHI Takux Me-N-C HaHOKOMIIO3WTIB € 3JaTHICTBh 332 PaxyHOK
MaKpOMOJICKYJIIPHOT CTPYKTYpH 3a0e3IeuyBaTH PiBHOMIPHHI PO3IOALT aTOMIB a30Ty B
9acTKOBO TpadiTH30BaHiil Byrienesii MaTpulli. B Toi sxe uac, Buxopuctanas N-CII mpu
¢dopmyBanHi Me-N-C eneKkTpokaramizaTopiB HepeBaXHO OOMEXKYEThCS JIMIIE MOJIiaHi-
ainoMm (ITAni) Ta momimiposom (I111i), a BimomocTi npo BukopuctanHs N-CII pasom 3
rpageHOBUMH MatepiallaMH € BKpail MaJo4MCeIbHUMH, He3BXKAI0UU Ha Te, 10 rpade-
HOBI MaTepiajy 3aBJIsSKH CBOIM YHIKaJbHUM BJIACTUBOCTSIM 3apEKOMEHIyBaJlM cele sk
MEePCIEeKTUBHI MaTepialld B TOMY YMCII JUIsl €JIEKTPOXIMIYHUX 3aCTOCYBaHb.

Mertoro manoi pobotu Oyio; 1) 3’sCyBaHHS MOMIIMBOCTI 3[IHCHEHHS CICKTPOXIMid-
HOTO CHHTE3y Ipa)eHOBHX MarepialiB IUIIXOM ekcdodianii rpadity y BOIHHX pO3uH-
Hax OCH30aTy HATpil0 Ta a3uAy HATPi0; 2) CTBOPEHHS HOBHX HAHOKOMITO3HIIIHHUX
Co-N-C enexTpokaTaii3aTopiB BiIHOBJIECHHS KHCHIO 3 BHUKOpPHCTaHHIM pizHHX N-CII
(amino3amimenux cTpykrypHuX aHanoriB [TAHi Ta [1I1i) Ta HAHOPO3MIPHHUX BYTIICHEBUX
MaTepianiB (B TOMY 9HCHi TPa(eHOBHX, OJIEPKAHUX EIEKTPOXiMigHO); 3) BCTaHOBICHHS
BIUIMBY pPi3HMX YWHHHKIB Ha (PYHKI[IOHANBHI XapaKTEPUCTHKH TaKUX EJIEKTPOKaTai-
3aTopiB.

Mu Opanu 10 yBard, HIO €JNEKTPOXIMIYHI MiIXOIU IIO03BOJIIOTH JOCHUTH MPOCTO
oJlep)KyBaTu rpadeHOBI MaTepiaiy, 3 MOXKIIMBICTIO KOHTPOJIO X BIACTUBOCTEH, a CTPYK-
TypHi aHanoru [TAHi Ta I1I1i 3 6ibIIMM BMICTOM aTOMIB a30Ty Ta Pi3HUM IX OTOYECHHSIM
B MaKpOMOJICKYJII MOKYTh, Ha Hall IOIJIA], 3a0e3MedyBaTu B TaKUX eJIEKTpOKaTasi3a-
Topax OuTkIIy KimbkicTh i pisHOMaHITTS C/Co-N, Ta/a6o C/Ny IeHTpiB Ha SIKUX, Bil-
OyBaeThCs aKTHBALisl Ta KATAIITUYHI TIEPETBOPEHHS KHUCHIO.

IMokazano, mio 3milicHeHHS eKcdodmiamii rpapiTOBOro eNeKTpOAy B MPHUCYTHOCTI
OeH30aT-aHIOHIB (200 IHMHX KapOOKCHJIAT-aHIOHIB) B YMOBAaX EIEKTPOII3Y 3 IMITyJIbC-
HOIO 3MIiHOIO MOTEHLIaTy MOJApH3alii eNeKTPoLy Jae 3MOTy OJepiKyBaTu Oararoria-
posuii rpaden (BLII") i3 He3HAYHUM BMiCTOM KHCEHBBMICHUX NedeKTiB. Bussieno, mo
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HasIBHICTH B €JIEKTPOJIITI JOAATKOBO CyJb(aT-aHiOHIB IPU3BOIUTE JIO OJIEPXKAHHS MaTe-
piaily 3 MEHIIMM CTyIEeHEeM OKHCHEHHs. Hamu Takox OyJio BCTaHOBJICHO, IO 3aMiHa CO-
nei KapOOHOBHX KHCIIOT B TakoMy Iponeci Ha NaN; npu3BoanTh He JHme 10 excdoti-
amii rpagity, ane i go omHowacHoi ¢yHkmioHamizamii BIIIT atomamu asory (N-BLII).
Opepxani BIIT" Ta N-BIII" oxapakrepr3oBaHO METOaMH aTOMHO-CHIIOBOI, CKaHYFOUO1
Ta TpaHCcMiciiHO1 Mikpockortii, [4-, UV-vis Ta paMaHiBChbKO1 CIIEKTPOCKOMI1, IUKIIYHOT
Bonbramnepomerpii Ta C,H,N-ananizy. Taki BIII" Ta N-BIII" BusiBuiuCS nepcrieKTHB-
HUMHU MaTepiajaMd NMpPU BUKOPHCTAHHI K €JEKTPOAHUX MaTepiajiB AJIsl Pi3HUX eJIeK-
TPOXIMIYHHX 3aCTOCYBaHb.

BIIT ta N-BIIT, a Takox, Ui MOPIBHSAHHSI, allCTHICHOBA Ca)Xa Ta OKCUJ rpadeHy
Oy/nn BUKOPUCTaHI HaMM K BYyIJeleBi KoMroHeHTH st onepxkaHus Co-N-C enekrpo-
KaTajri3aTropiB nuisixoM ix xapoonizamii (800°C, Ar) pasom 3 HiTparom kobanbty (II) Ta
N-CII (noni-m-deninengiaminy — [IM®JIA, momni-5-aminoiamony — [TAlH, momi-2,6-1u-
aminonipuguay — [TJAII Ta iH.), a00 CyMiNIIIO BiAIOBIAHOTO MOHOMEpA 3 OKHCHUKOM
— sk JoHOPIB a30ty. Cxiazg ta 0yaoBy Co-N-C KOMIO3HTIB OyII0 JOCITIIKEHO METOIAMU
TPAHCMICIITHOT Ta CKaHyI0UOi €JIeKTPOHHOI MiKpocKkomii, peHTreHoda3ooro, CHN-eme-
MEHTHOTO Ta PEHTTEH(IyOPECIEHTHOTO aHAai3Y.

B pesynpTari JOCTIIKEHHS €NEKTPOXIMIYHMX XapakTePUCTHK TAaKUX MaTepialiB y
PBK 0Oyno BusiBieHO, 1110 HalKpallli 3 oJiep)KaHUX TiOPUIHUX ENEeKTPOKaTalli3aTopiB Xa-
paxrepusyrotbes y 0,05 M H,SO,4 3HaYeHHAMM HOTEHIIaJIB MOSIBH KaTaJITUYHOTO CTPY-
MY (Eonset) ~800—810 MB Ta #ioro makcumymy (E <) ~725-740 MB Bign. RHE (puc. 1).
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Puc. 1. LluksivHi BOTbTaMIIEPOTpaMH ISl CKIIOBYTJICLIEBOTO EIEKTPOILY
momudixoaHoro Co-N-C enexrpokaranizatopom Ha ocHOBI [1Alx Ta BT
Fig. 1. Cyclic voltammograms for the glassycarbon electrode modified
with Co-N-C electrocatalyst, based on poly-5-aminoindole and multilayered graphene

3’scoBaHO BIUIMB yMOB onlepkaHHA, THITy Bukopuctanux N-CII Ta HaHOpO3MipHHX
BYIJICIICBUX MaTepiaiiB Ha e(eKTUBHICTh NPOSBY aKTUBHOCTI cuHTe30BaHMX Co-N-C
enektpokaraiizatopiB y PBK. 3okpema, nokazaHo, 110 3aCTOCYBaHHS SIK JpKEpelia a30Ty
npu ¢opmyBaHHI koMo3uTiB 3aMicTh N-CII cymimni BiIIOBIIHOTO MOHOMEPY 3 OKHC-
HUKOM HE 3HM)KYE aKTHBHOCTI eslekTpokarainizatopiB y PBK, a HaBiTh mpuszBomuts 1o
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JIESIKOT'O TTIOKpAIIeHHs iX (YHKIIOHAJIbHUX BIACTHBOCTEH, IO Aa€ 3MOTY YHUKHYTH 3aii-
BOi cTajii mpH olep)kaHHI TaKOro THITy MarepiaiiB. BcTaHOBIEHO, MO0 BUKOPUCTaHHS
[TAIx 3amicte [IM®JIA mipu ofepkaHHI TaKUX €IEKTPOKaTalIi3aTopiB 3abe3mnedye Oib-
Iy akTUBHICTE octaHHIX y PBK (3MeHmenns nepenanpyru Ha 40-50 MB), mo moxe Oy-
T 00YMOBJICHO Pi3HOIO MPUPOAOI0 KATANITHYHO aKTHBHHUX IICHTPIB B TAKMX MaTepiaiax
BHACJIIJJOK PI3HOT'O OTOYCHHS aTOMIB a30Ty y BiJNOBITHHX MaKpOMOJIEKylaX. BcTaHOB-
JICHO, III0 BUKOPUCTAHHS eJIeKTpoxiMiuHo onxepxkanux Hamu BIIT Ta N-BUIT" nipu dop-
myBaHHI Co-N-C enekTpokaTaiizaTopis, K MpaBHio, 3abe3meuye iX Kpaili (yHKIio-
HaJbHI Xapakrepuctuki y PBK nopiBHSHO 3 aHayoraMu Ha OCHOBI alleTHIICHOBOT Caxi.

3 BUKOPUCTaHHSIM METOJy AMCKOBOT'O EIEKTPO.Y, 110 00epTaeThes, HAMU BU3HAYEHO
MexaHi3M nepediry PBK Ha enextponax, moxudikoBaHux psgom onepxkanux Co-N-C
enexTpokaranizaTopiB. IlokazaHo, 110 BapitoBaHHS NPUPOJM KOMIOHEHT KOMIIO3MTIB i
CIIBBIIHOIICHb M)XK HUMH MPAKTUYHO HE BIUIMBA€E HA XapaKTep 3aJeKHOCTI IPAaHUYHUX
IUQY3IHHAX CTPYMIB Bil IIBUAKOCTI OOCpTaHHS IHCKOBOTO €JICKTPOJA, IO CBITYUTH
mpo nmoxioHuit MexaHizm PBK mis BCiX oTpuMaHHX HAMHU €IeKTPOKAaTalli3aTopiB — mepe-
Ba)KHO JJBOXEIICKTPOHHE BiIHOBICHHS KHUCHIO.

MeToioM XpoHOaMITEpOMETPil MOKa3aHo, IO OAepXaHi TiIOpUIHI eIeKTpoKaTai3a-
TOPY BHU3HAYAIOTHCS JOCTATHHO BUCOKOIO CTaO1IBHICTIO B IpoIieci QyHKITIOHYBaHHS.

1. Chen Z., Higgins D., Yu A. et al. A review on non-precious metal electrocatalysts for PEM fuel
cells / Energy Environ. Sci. —2011. - Vol. 4, Is. 9. — P. 3167-3192.

2. Kurys Ya.l., Ustavytska O.0., Koshechko V.G., Pokhodenko V.D. Structure and electroche-
mical properties of multilayer graphene prepared by electrochemical exfoliation of graphite in
the presence of benzoate ions // RSC Adv. —2016. — Vol. 6, Is. 1. — P. 36050-36057.

3. Ustavytska O.0., Kurys Ya.l., Koshechko V.G., Pokhodenko V.D. One-Step Electrochemical
Preparation of Multilayer Graphene Functionalized with Nitrogen / Nanoscale Res. Lett. —
2017.-Vol. 12, Is. 1. = P. 175(7).

Olena Pariiska

Co-N-C OXYGEN REDUCTION ELECTROCATALYSTS BASED ON N-CONTAINING
CONJUGATED POLYMERS AND ELECTROCHEMICALLY OBTAINED GRAPHENE
MATERIALS

L.V. Pysarzhevsky Institute of Physical Chemistry, NAS of Ukraine,
31 Nauky Ave., 03028 Kyiv, Ukraine, e-mail: o.ustavytska@gmail.com

New electrochemical approaches for the obtaining of multilayred graphene (MLG) with slight amount of
oxygen containing moieties and MLG, modified with nitrogen atoms (N-MLG) were developed. A series of
new Co-N-C oxygen reduction (ORR) electrocatalysts were synthesized, while using as precursors amino-
substituted structure analogs of the polyaniline and polypyrrole and also nanosized carbon materials (MLG, N-
MLG, graphene oxide, acetylene black). It was found, that the best of the synthesized electrocatalysts in 0,5 M
H,SO, characterized by onset potential (Eonser) ~ 800-810 mV and its maximum (E.x) ~ 725-740 mV vs. RHE.
The influence of obtaining conditions, type of used polymers and carbon materials on the efficiency of the
activity of synthesized Co-N-C electrocatalysts in ORR was established. The mechanism of ORR for all of our
electrocatalysts, preferably two-electron oxygen reduction, was evaluated.

Key words: oxygen reduction reaction, Co-N-C electrocatalysts, nitrogen containing conjugated polymers,
graphene materials.



362 VIII Ykpaincokuii 3’130 3 enekmpoximii

VK 544.62
Onez PABOKIHB, Kamepuna IIEPIITHHA

OIIHKA MEXAHIYHUX MOIKO/JXXEHb ITIOBEPXHI EJIEKTPO/IIB
XIMIYHUX JIKEPEJI CTPYMY METOJ0OM CHEKTPOCKOIIIT
EJIEKTPOXIMIYHOI'O IMIIEJAHCY

Miswceioomue 6i0dinenns enexkmpoximiunoi enepeemuxu HAH Yxpainu,
6ynv8ap Axao. Bepnaocvkoeo, 38-4, 03689 Kuis, Yxpaina, e-mail; katherinepersh@gmail.com

Crektpockorris enekrpoximignoro iMmeaancy (CEI) mmpoko BUKOPHCTOBYETHCS IS
BAMIPIOBaHHS Ta JOCIHIIKEHHS MiK(a3HHX Ta 00'€eMHHX ENeKTPOXIMIYHHX BIIACTHBO-
cTell MarepiaiiB Ta NpUCTPOIB Ha 1X ocHOBI [1]. HaiiOinbi BizoMuM € MeTo] 00y 10BH
€KBIBAJICHTHHUX EJICKTPOXIMIYHUX JIAHIIOTIB 3 BiAIIOBIJHUM Ha0OPOM EJIEMEHTIB, SIKI MO-
JIEIIOIOTh MOBEAIHKY KOMIIOHEHTIB €JIEKTPOXIMIYHOI cucTeMH (eNeKTPOIiB, MiK(pasHUX
B3a€MOJIiHl €IEKTPOY Ta EICKTPOIITY, TUPy3ii 10HIB, TOMO). AJle I IMBUAKOTO KOHT-
pOJII0 MEXaHIYHUX MOIIKO/PKEHb TAaKMi METOA He Nae AoctaTtHpoi iHpopmauii. Haid-
OibI iHGOPMATHBHUMH € METOJI, IO 3aCTOCOBYIOTh BUMIiPIOBAHHS €MHOCTI ITO/IBIHHOTO
enektpuyHoro mapy [2] Ta ii apioamx noximaux [3] . Tomy Meroro miei poboTu Oyio
JOCTIHKEHHS MOXKITHBOCTeH BuKopucTaHHs Metoxy CEI mns inentudikanii MexaHiqHIX
TIOIIKO/KEHD Ha TTOBEPXHi €JIEKTPOIiB.

VY skocti 3pa3kiB Oynu 00paHi eNeKTPOJM NEPBHHHHUX JIYKHUX IHUHK-MaHT'a@HOBUX
enementiB Kpona 3 Hampyroio 9 B. BunpoOyBaHHSI CTaHy eleKTPOIIB NMPOBOAMIOCH
METOJIOM 3MIHHOI'O CTPYyMY i3 3aCTOCYBAaHHSM €JIEKTPOXiMi4HOro moxayist Autolab-30,
PGSTAT30IN Metrohm Autolab, ocnamennm moxynem FRA (Frequency Response
Analyzer) B inTepBani yactor 10°~10° I'i, pu amrutity i 06yprorouoro curnany +5 MB.
KepyBanns moxynem FRA 3nxilicHioBanu 3a nomomororo mporpamu Autolab 4.9. O6-
poOKa OTpHMaHMX pe3yibTaTiB MpoBoAMiIack B nakeri Zview 2.0. Mikpodororpadii no-
BEPXHi CIIEKTPOMIB Ta MOBEPXHEBUI PO3MOIT XIMIYHIX €IIEMEHTIB OTPHUMaHI 3a JIOTIO0-
Morolo ckanyrodoro enekrpoHHoro Mikpockomna (TESCAN VEGA 3). Buznauanus o0’-
€MHOTO Ta JIOKQJIBHOTO XIMIYHOTO CKJIamy €JIeKTPOIiB Ta OyIoBa «KapTH» PO3MOILTY
XIMIYHUX €JIeMEHTIB 3AiHCHIOBAJIACH 33 JOIOMOTOI0 IPOTpaMHOro 3a0e3ledeHHs KOM-
nasii Bruker.

OTpuMaHi CrIeKTpH iMIIEIaHCy, iX BHJ Ta 3HAYCHHA eMHOCTeH (puc. 1), mobpe y3roa-
KYIOTbCSl 3 XIMIYHUM CKJIaJIOM IOBEPXHI €JIEKTPOMAIB Ta CTYNEHEM iX 3pyHHOBaHOCTI
(tabmn. 1).

Tadmuus 1. Ximiqauii ckiiaz MoBepxHi 3paskis, Mac. %*

Table 1. Chemical composition of the surface of the samples, mass. %

Ne 3paszka Hunk (Zn) Masras (Mn) Kapbon (C) Zn:Mn
1 4529 + 21,32+ 33,39+ 2:1
2 26,66+ 42,96+ 30,37+ 1:2
3 17,46+ 46,92+ 35,62+ 1:3
4 60,76+ 16,4+ 22,84+ 4:1

*[Ipumitka: 3Ha4eHHS €MHOCTeH mopBiiHOro emexktpuuHoro mapy (IIEL) e d¢yrkmiero
paniycy HaIiBKoNa CIeKTpiB immenancy [2] Ta ckmaparote: 1 — 1,28'10° @, 2 — 1,34'107 @,
3-74610°®, 4-9,94:10° ® BimnosixHo
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Puc.1 CEI enekrpoaiB B koopauHaTtax Haiikeicta 3rigHo Mikpodororpadism puc. 2
Fig. 1 SEI of electrodes in Nyquist coordinates according to microphotographs of Fig. 2
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Puc.2. CEM mikpodoTorpadii moBepxHi eleKTpoaiB
Fig.2 SEM images of the surface of the electrodes
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MaxkcumanbHe 3HaUYCHHSI EMHOCTI TOCATAE€ThCS MPH CIiBBiTHOMECHHI Zn:Mn = 2:1 Ta
MiHIMaNBHIH 3pyHHOBAHOCTI MTOBEPXHI eNeKTpory. MiHiMambHa €MHICTD CIIOCTEPITa€Th-
cs B 3pa3ky Ne 3, sKxuit Mae MakCHMaIbHY KOHIIEHTpaIifo MaHTaHy Ha TIoBepxHi (Zn:Mn
= 1:3) Ta MaKCHMaJIEHUH CTYTIEHb 3pyHHOBAHOCTI (pHUC. 2). 30UIBIIEHHS €EMHOCTI Ta CTY-
TIeHs 3pyHHOBAHOCTI MAOTh AHTHOATHUH XapakTep. €MHICTh 30UTBIIY€E€THCS HACTYITHIM
grHOM: 3pa3ok Ne 2> 3pa3ok Ne 1 > 3pasok Ne 4 > 3pasok Ne 3, a crymens 3pyitHOBa-
HOCTI: 3pa3ok Ne 3> 3paszok Ne 4 > 3pazok Ne 1 > 3pazok Ne 2. TakuM 4HHOM 3MEHIIICHHS
3HaueHHs1 emHocti TTEII xopesroe i3 30UIbIIEHHSAM CTYNEHIO 3pyHHOBAHOCTI MOBEPXHI
eNnexTpoiB. PyliHyBaHHSI OBEpXHI €JIEKTPOMAIB NPU3BOJUTH 10 3MiHH CITiBBITHOIICHHS
ITuaky ta Manrany. [Ipu cuinbHOMY pyHHYBaHHI MOBEPXHI KiJIbKicTh MaHrany 3HauHO
3pocrae (tabn. 1). YpaxoByrounm oTpuMaHi pe3yiabTatd MoxkHa npornonyBatu CEI mis
OLIIHIOBAHHS CTYNEHIO MEXaHIYHOTO pyHHYBaHHS IOBEPXHI €IEKTPOJIB XIMIYHUX JKe-

pex cTpyMmy.

1. Baukamp B. A. Electrochemical Impedance Spectroscopy in Solid State lonics: Recent Ad-
vances // Solid State Ionics. — 2004. — Vol. 169, Iss. 1-4. — P. 65-73.

2. Hirschorn B., Orazem M. E., Tribollet B., Vivier V., Frateur 1., Musiani M.. Determination of
effective capacitance and film thickness from constant-phase-element parameters // Electro-
chim. Acta. —2010. — Vol. 55. — P. 6218-6227.

3. Lai W., Ciucci F. Small-Signal Apparent Diffusion Impedance of Intercalation Battery Elec-
trodes // J. Electrochem. Soc. —2011. — Vol. 158, Is. 2. — P. A115-A121.

Oleg Rjabokin, Katherina Pershina

ESTIMATION OF SURFACE MECHANICAL DESTRUCTION ON THE BATTERY
ELECTRODES BY AN ELECTROCHEMICAL IMPEDANCE SPECTROSCOPY

Joint Department of Electrochemical Energy Systems NAS Ukraine,
Akad. Vernadskyj Ave.,38-A, 03689 Kiev-142, Ukraine, e-mail: kathrinepersh@gmail.com

The mechanical destruction of the surface of the electrodes was evaluated by the method of scanning
electron microscopy and electrochemical impedance spectroscopy. The correlation of the double electric layer
capacity decreasing and increasing of the degree of electrode surface destruction was obtained. By SEM was
shown that destruction of the electrode surface leads to a change in the ratio of Zinc and Manganese. With a
strong surface destruction, the number of Manganese increases significantly. Taking into account the obtained
results, it is possible to offer SEI for estimating the degree of mechanical destruction of the battery electrode
surface.

Key words: electrode, electrochemical impedance spectroscopy, mechanical destruction, battery
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V]IK 544.636/.638
€ezenini Camonnos, Bacunw Jlapin, Cepziii Illanosanoe

CKJAJIOBI TEPMIYHHAX E®EKTIB EJEKTPOXIMIYHOI PEAKIIIT

Xaprxisecokuil nayionaneHull yuigepcumem imeni B.H. Kapasina, H/I ximii,
matidan. Ceoboou, 4, 67004 Xapxis, Vrpaina, e-mail: evgeny.a.samoilov@univer.kharkov.ua

BumiproBanus Temneparypu podo4oro (iHAMKaTOPHOTO) eJIeKTpoa (METO I eIeKTPo-
TepMorpadii) B KoMOIHaMIi 3 METOJAOM BOJBTAMIIEPOMETPIi 3 IUKIIIYHOI 3MIHOK TO-
termiany (LIBA), mo3Boise oTpuMaru JOAATKOBY iH(POpPMAIIIO PO MPOILECH, IO TPO-
TIKalOTh Ha TOBEpXHi enekrpoza. J[ificHO, SKI0 BpaxyBaTH, IO TEMIIEPaTypy TepMO-
JUHAMIYHOT CHCTEMH BHU3HAYA€ CepeqHs MIBUIKICTE PYyXY MOJIEKYJI, TO CTAa€ 3pO3yMIINM
MOJKJIMBICTh 3MIHH TEMIIEPaTypH NPHEIEKTPOIHOTO IMIapy HE TUIBKK MpPH MPOTiKaHHI
EJIEKTPOXIMIYHOT peakiii BiJHOBJCHHsS (OKHCHEHHs), ajie i 3a paXyHOK IepeOynoBU
MOJICKYJISIPHOI CTPYKTYpH CEpellOBHUILA B IpoIlecax, IO MEPeAyOTh €JIEMEHTapHOMY
AKTY eJIEKTPOXIMIYHOI peakxiii .

B tepmonuuamiunum piBusHHI [dT = E/C, sike nop's3ye 3miny temmeparypu (T) i3
TerIoBor0 eHeprito cucteMu (E) cTpyKTypHO-3aJI€KHOIO BEJIMYMHOIO € TEIUIOEMHICTD
(C). Tomy, Oynp-sika 3MiHa CTPYKTYpH PO3YMHY NPH NPOTIKaHHI €JIEKTPOXIMI4HOI pe-
akmii Ha MexXi oAy (a3 OyAe BUSBISATHCS B 3MiHI 3HAYCHHA TeruioeMHocTi. Ha puc. 1
MpeaCcTaBieHi rpadiku 3aJeKHOCTI TEMIIEPaTypH IMOBEPXHI MiTHOTO €JIEKTPOJAa Bifl Be-
mmanan E/C mpu [IBA B po3umHaxX pi3HOI MPUPOIH 1 MPH MPOTiKaHHI Pi3HUX KaTOTHHUX
peakiif. 3 MamOHKa BHUIUIMBAE, IO BEIMUYMHA TeIuioeMHOCTI C (TaHTeHC KyTa HaXWITy
mpsiMOi B AiarpaMi) 3MiHIOETBCS 3aJI€KHO BiJ XIMIYHOTO CKIJIAAy CHUCTEMH, IIBHIKOCTI
PO3TOPTKH MOTEHIIAy Ta KOHIICHTpAIlil eJIeKTPOXiMIYHO-aKTUBHOI peuoBHHHM. LI 3miHa
(puc. 1, a) nposBIsIEThCS B PO3UMHAX 13 MEHIIOK KOHLEHTPAIIEIO 1 TIPH MEHIIIN NIBUA-
KOCT1 PO3rOpPTKH MmoTeHIiany. OTpuMaHi BiJJpi3KU MPSIMHUX 3 PI3HOI0 TEIUIOEMHICTIO Xa-

24,86
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24,82 22,51
o 24801 0224
24,78+ 03]
24,76 2224
24,744 22,1
24,72 T T T T T , 22,0 T T T T T T
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a/a 0/b

Puc. 1. 3anexxHOCTi TeMIepaTypH KOJIO €IEKTPOIHOTO mapy Bix 3HadeHHA E/C.
Crannaptauii 6ydep pH=1.68 (a), 2M pozunr NaNO; (6)

Fig.1. Dependence of the temperature near the electrode layer on the magnitude E/C.
Standard buffer pH = 1.68 (@), 2M solution NaNO; (b).
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PaKTepU3yIOTh EHEPIreTHKY KOXKHOTO 3 eNIEKTPOXIMIYHUX IPOLECiB (He MeHIIe 4 Ha puC.
1, a). JIns BUCOKOHIIEHTPOBAHUX PO3YMHIB, 3 OJHIEI0 EICKTPOXIMIUHOI peakiieto (puc.
1, 6), Tako1 3MiHU TETNIOEMHOCTI HE BHSIBJICHO.

Jlnst BU3HAaYeHHS CTaliil eJIeKTPOXiMIYHOTO MpolLecy 3pydHo KopuctyBatucs 3D-nia-
rpamamu 3anexsocti T emektpoma Bix moteHmiany emekrpoga U i E/C (pme. 2, a).
[Ipsima niHis B koopauaarax E/C — T (anamoriuna puc. 1, 6) as nporecy BiXHOBICHHS
2 M NaNO,; Ha MiTHOMY €JICKTPO/Ii ICPETBOPIOETHCS B CKIIAIHY 3aJICKHICTh, BCI KpanKu
SIKOT JIS)KaTh B OJHIN ruIomiuHi. JIJis1 BCIX BUBYCHHUX CHCTEM OYJIM BH3HAYCHI HapaMeTpH
piBusHHEs i€l mwionmuan T = Ty + ki-U + k,-E/C. Emnipuunuii koedirtient k, st Beix
LIUX CUCTEM — IOCTIHUI 1 XapaKkTepu3ye CyMapHY TEIUIOEMHICTh YCiX MaTepiajiB 3 IKUX
BUTOTOBJICHUI BUMIipIoBasibHUH enekTpos. KoediuieHt k; 3anexuTs Bif yMOB eKcriepH-
MEHTY, XIMIYHOTO CKJIaJly €JIEKTPOIIITY 1 XapaKkTepusye Beanunny edekry [lenbrbe.

0,010+

k=10
0,005
AT, K i
0,000 - ﬂ'.'

e 16
-0,005

{-9
-0,010 112
al/a 6/b

Puc. 2. 2M pozunr NaNO,. 3D-niarpama 3anexxHocti Temrepatypu Bix E/C i
norermiany enexrpoaa (U) (a), LIBA i3anexnicts T Bixg noteHuiany enexrpona U (6).
Fig. 2. 2 M solution NaNO,. 3D-diagram of the temperature dependence of E/C (a)
and the electrode potential U (b)

Ha puc. 2, 6 300paxkeHi 3aeXHOCTI CHIIM CTpyMY 1 BenmuuuHNA AT B 3ay1€KHOCTI Bix
moTeHIiany enektpona U. 3HaYCHHS TeMIepaTypH eJIeKTpoaa Oy BHIIPaBIICHI Ha Tep-
MIYHHAN BKJIAJ] eJIeKTpoximiuHoi peakmii [1]. 3 puc. 2 BUTIKae, 1m0 Tpoec BiXHOBICHHS
NaNO, € cxmagHuM i GaraToCTamiifHIM, e MPOSBIAETHCS B 3MiHI TEMIIEPATypH EJeK-
TPOZa HaBITh MPH MOCTIHHIN CHIIi eleKTprIHOro cTpyMy. EHmOTepMiUHi i eKx30TepMidHi
cTanii pOro MPOIECy JIHIKHO 3aie)XaTh BiJ MOTEHIIATy i 3yMOBJICHI HE TiNbKH €JIeK-
TPOXIMIYHHUMH CTaAiSIMHU, ajie ¥ 3MIHOK MOJICKYJISIPHOI CTPYKTYPH PIAMHH B MPOIECax
azcopOIIil, pyHHYBaHHS CTAPUX 1 CTBOPEHHS HOBHX BOJHEBHUX 3B'SI3KiB MK MOJICKYJIaMH
BOJIH.

3 BUILEBHUKIIAIEHOTO MOYKHA 3pOOUTH HACTYIIHI BUCHOBKH:

1. 3actocyBaHHs enekTpoTepMorpadiuaoro merony B komOiHaiii 3 [IBA no3posnse
BU3HAYMUTH 3arajibHy KUIBKICTh €JIEKTPOXIMIYHHUX IPOIIECIB.

2. BU3HaYHTH KUTBKICT CTaiil KOXKHOTO 3 MPOIECIB.
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3. Buginutu teruoBi Bkiagu edekty IlenbTbe, 3MiHM MOJEKYJSIPHOI CTPYKTYpH

pO3UHHY.
4. BU3HaYHUTH TETJIOBUH BHECOK EIEKTPOXIMIYHOT peaKiii.

1. Llanosanos C.A., Jlapin B.1., Kpacuonvopoea A.I1., FOxwo I' []., Camoiinos €.0., [Ipagda A.O.,
€¢imosa H.B. KoMIniekcoyTBOpeHHs, 10HHA Ta MDKMOJIEKYJIIPHA acolialis y po3dMHax 3
Y4YacTIO METaJOBMIIIYIOUMX YaCTHHOK, (D)YHKIIOHAIBHUX i 3a0apBIEHHX PEUOBHH / [3a pex..
JIOKT. XiM. Hayk, mpod. C.A. IllanoBanosa). — X.: XHY imeni B.H. Kapasina, 2017. — 118 c.

Evgeny Samoilov, Vasily Larin, Sergey Shapovalov
INGREDIENTS OF THE THERMAL EFFECTS OF THE ELECTROCHEMICAL REACTION

V.N. Karazin Kharkiv National University, Scientific Research Institute of Chemistry,
Svobody Sq., 4, 67004 Kharkiv, Ukraine, e-mail: evgeny.a.samoilov@unaver.kharkov.ua

The ingredients of a thermal effect of electrochemical reactions are investigate. Certain stages of the
processes are established.

Key words: electrochemistry, thermal effects, heat capacity
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BrumB ckiiagy po3drHy i mapaMeTpiB elIeKTPOXIMIYHOTO PO3YMHEHHS aJlFOMIHII0 Ta
HOro CIUIaBiB JOCI HOCIIIKEHO HEAOCTaTHRO. [Ipy aHalTi31 XapakTepy 3aleKHOCTEH: V)
(mBuakicTe po3unmHeHHs Al)—1 (4ac posumHeHHs), Va —t (Temmeparypa), Va —®
(kKyToBa IIBUAKICTh OOCPTAHHS 3pa3ka) B YMOBAX MPOCTOro ab0 CKIAJHOTO CKIIAAY PO3-
YHHY MOTPIOHI HOBI YTOYHEHHS 1 HOBI MiIXOMAH, SKi OYJyTh JOCTAaTHI JUIsl MOSCHEHHS
npupo (Bi3UKO-XIMIYHMX HPOLECIB HA MEXI MeTal-po3dyMH. Y IiTeparypi iCHYIOTh
(byHAaMeHTaNbHI JIaHi 1PO 3aJeXKHICTh noreHnianiB MeTaliB (Eye), IBHIAKOCTI po3un-
HEHHS (Vposq) TA HIIMX XapaKTePUCTHK BiJl pH cepenoBuina i KOHIEHTpALiT KOMIIOHEHT-
TiB PO3YMHY, SIKi OTpUMaHi B YMOBaX IPHPOIHOTO, KOHBEKTHBHOTO PEKHMY.

MeToro pobOTH € BCTAHOBIIEHHS OCOOJIMBOCTI KIHETHYHUX 3aJICKHOCTEH POSYUHEHHS
ITFOMIHIIO Y BOTHUX PO3YMHAX 3 PI3SHUMH OKHCHIOBAYaMH i JITaHAaMH B 3aJI€KHOCTI Bix
TEXHOJIOTIYHHX TapaMmeTpiB: Temmeparypu po3unHy (T), dacy po3umHEHHS 1 pexumy
nepeminryBanHs (©=0 (KOHBEKTHBHUIT); 0©>>0 (T1IpoIUHAMIUHUIA)).

JlocmimkeHHsT KIHETUKH po3uynHEHHS Al BUKOHAHO METOJIOM TpaBiMeTpii. Bukopuc-
TOBYBaJIM LMJIIHIPUYHI 3pa3ku 3 po3mipamu (MMm): d=8,0; 1=110,0. 3pa3ku roryBanu 3a
METOMKOI0. 3pasKi 3aHyprOBand B poGoui posumun 06'emom 100 cM® mpu 3amasiii
mBuaKocTi odbepranus (=0, ®=300 06/xB). Po3unHu rorysanu 3 peakTHBiB KBali(ika-
mii «4.1.a.» 1 «x.4.». pH BumiproBaiu 3a gormomororo pH-merpa mapku pH — 150MK 3
enexrpogoM DCK — 10603.

JlocikeHo noBeminky Mix(pasHoi Mexi Al-po3uuH B po3umHAX (MOJb-IM °): 1 —
1,0 NaOH; 2 — 0,05 CuS0O4+0,05 NaCl; 3 — 0,1 CuSO4+0,05 NaCl. Po3unnenns Al goc-
mimpxeHo npu temmeparypax (°C): 14; 18, 21. Tpusaiicts ekcriepumenty 2 — 20 XB.

Peaxmii ximigHOTO po3unHEHHsS Al B 3a3HAYEHUX CEpPEeIOBHINAX JTOCHTH CKIAJIHI, OC-
KUTBKH QNIOMiHIH € TePMOIMHAMIYHO HECTiHKWUM, aKTHBHHAM MeTajoM. IIpu KOHTakTi 3
KHCHEM TIOBITPS Ha MOBEpPXHi (pOpMyeThCS CTiliKa B KOPO3IHHOMY BiTHOIIEHHI IUTiBKa,
sKa Tpu B3aemonii 3 posunHamu NaOH yTBOproe okcoanmtomiHat Hatpiro. Skuit mepe-
TBOpro€eThCs y HeposumHHAN Al(OH);. Lli mporecn mpoTikaroTh JOCHUTH IIBHAKO, aje
BIUIMBY Ha LIBHMJKICTh po3udHEHHsS Al He MaoTh, ockibku TuiiBku Al,O3; MatoTh many
toBumay (0,1...0,9-10°° M). B cucTeMi KOHTAaKTHOrO BHTiCHeHHs (po3umam 2 i 3) cro-
YaTKy pyHHYETbCS IEPBUHHA OKCH/IHA IUTiBKa, MMOTIM e KOHTaKTHHH OOMIH MiX ajro-
MiHIEM 1 i0HaMU Mifi. V5| KOHTPOJIIOETHCS OCOOIMBOCTSIMH BUIIICHHS OMaaiB abo ra3o-
NoAiOHUX MPOIYKTIB HA TOBEpXHI MeTaixy. TakuM YMHOM IIi peakiii € He3BOPOTHUMH 1
MIPOXOISITH /10 KiHIIS, TOOTO 10 TOBHOT'O BUPOOJICHHS peareHTiB abo 0JTHOTO 3 pearcHTiB.
ITpn npomMy MonIMBI cutyauii B MiK(pa3HOMY IIapi, KOJM HNPOIYKTH Peakiii MOXYyTb
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YacTKOBO a00 MOBHICTIO €KpaHyBaTH JOCTAaBKY PEaKI[ifHO-aKTMBHUX YacTOK OKHCHIO-
Baua (Ox) no moBepxHi Al i peakmis po3unHeHHS Al pi3KO rajJbMyeTbhcs 3a PaxyHOK
ICTOTHOTO 3HIDKEHHSI KOHIEHTpariii OX B peakmiifHii 30Hi. Y IIMX BHIAAKaX MOXYTh
OyTH pO3MISHYTI BapiaHTH CHIBBiIHOIIEHHS IIBHIKOCTEH JTOCTaBKH MOJICKYJ PEarcHTy-
Ox 3 ruOUHE PO3YUHY OO0 MOBEPXHI METaNiB 1 BiABEJCHHS MPOAYKTIB peakiii 3 peax-
LifHOI 30HU, a TAaKOX BapiaHTH (Pi3uKO-XiMiYHHX a00 (Pa30BHUX HMEPETBOPEHb MPOIYKTIB
B (OpMH, SIKI 3AaTHI Pi3KO MOPYUIMTH AMHAMIYHY KapTUHY PO3YMHEHHS, TOOTO 3arajib-
MyBaTH a00 NPUCKOPUTH HPOLIEC POZUNHEHHS.

OpepikaHi 3aJIeKHOCTI TEMIIEPATYpH 1 TiJPOJMHAMIYHOTO PEXHUMY Ha cHenudiky
mporiecy B Mex (pasHOMY Iapi B JOCHIDKYBaHHX po3urHax. Ha mizcTaBi 4oro 3amporio-
HOBaHI MEXaHI3MH JJIsl TIOSICHEHHS XapakTepy KIHETHUHHX 3aJIeKHOCTEH Vi — T XiMid-
HOTO po3umHeHHs Al B po3unHax 3 pisaumu okucHiopauamu (H;0', Cu®"). Brums Tem-
neparypu. Y pasi nepuoi i Apyroi cUcTeM eNeKTPONITHYHUX PO3UYMHIB BIUIMB TeMIlepa-
TypH BUSBIISIETBCS OJHO3HAYHO: 31 301NbLICHHAM Temiieparypd Ha 7 °C IIBUIKICTH
XIMIYHOTO pO34YHMHEHHS Va; 3pocTae mpubmm3Ho B 2 pasu (1 po3umn) i B 10 pazi (2
pO3UHH).

Tpusanicme docaiodncens. 3anexHocTi B posunHax NaOH maroTb MiHIMyM, IO CBifI-
YHUTH TPO Te, IO Mix yac mporecy po3unHeHHs (10...14 XB) rampMyeThcs 3a paxyHOK
(dopMmyBaHHS Ha MeTali Hepo3unHHOrO mapy ocaxy Al(OH);, axwii B mogamsImoMy pos-
YUHSAETHCS 33 PAXyHOK MPOIIECY KOMIUIEKCOYTBOPEHHS, TOOTO yTBOPEHHS H0OpE po3uu-
HeHoi koopauHaniiHoi cnoayku Na[Al(OH),].

Tepemiwysanns. B ymoBaxX MiIBUIIEHOT TeMIepaTypH Ta iIHTEHCHBHOTO Macoriepe-
HOCY B peakuiiiHy 30HY (TiApoaMHaMiYHUII pexum) npouecH (OpPMyBaHHS oOcanry
AI(OH); 1 #ioro momaneiioro pozuuneHHs (Na[Al(OH),]) npucKoprOOThCS i B pe3yiib-
TaTi MoBTOpHE yTBOpeHHs ocany Al(OH); Moxke HacTynmuTu paHile, HiX B PO3UMHAX,
o He mepeMimryBaiy. IIpy OUIBII HU3BKHX TEMIIEpaTypax IiAHOM CIIOCTEpIraeThes, a
3HWDKEHHS TICIS MIHIMYMY VA — BIZICYTHE, IO CBIJYUTH NPO HHU3BKY IIBHJKOCTI PO3-
YMHEeHHS mapy rigpokcuay amominio B Na[Al(OH),]. B cucremi koHTakTHOTO OOMIHY,
mo mictars H3O', Cu®, CI', B HerepeMilyBaHUX PO3UMHAX 3'ABIAETHCS MAKCHMYM IPH
18°C, a moriM — cmax i noxanpiua crabinizanis 3anexHocTi Va— 1. Ilpu migBumieHHi
KoHIeHTpamii OX — BUXiJ Ha MaKCUMYM V| 3 TIONIEPEIHIMA IIATO. Y TepeMilTyBaHUX
po3umHax, npu 000x Temneparypax (14 i 18°C) cnocrepiraetbesi MakCUMyM Ha Vi — T
3aJIeKHOCTAX (B oOyacTi 5...12 XB) 3 MOAQIBIIMM IUIABHUM CIAAOM Ha KiHETHIHHX
3aJISKHOCTSAX. Y BChOMY niama3oHi T (2...20 XB) JOCHIAIB B TIAPOJMHAMIYHOMY PEKUMI,
BEJIMYMHY Ha TIOPSIOK IEPEBUILYIOTh MOMIOHI AJIsl BUIIAKY HENEPEMIITyBaHUX PO3UH-
HiB. HasgBHICTD MaKCHMYMIiB 3aJIC)KHOCTI V5| — T 1 MOJANBIINA criaf s BUIAIKY TiIpo-
IUHAMIYHOTO PEKUMY MOXKHA TTOSICHHTH JBOSKO: 1) Ha Ha IUNSHKAX MiIHOMIB Ha MO-
BepxHi Al-3pa3ka (hopMyeThCS CHOYATKY MOPYBAaTHIl, a MOTIM — OUIBII KOMITAKTHHHA
3aXMCHUHN map 3 Mini, K B iHTepBaii 8...12 XB TpaHWYHO eKpaHye MOBepxHIO Al.
ToMy Ha V) — T 3aJIe)KHOCTSAX CIIOCTEPIraeThCs cmaa. Y TOH jkKe Jac cmajx Ha 3ajex-
HOCTAX V| — T (ICIS JOCATHEHHS MaKCHUMYyMY) MOXe OyTH BUKIMKAHUHA THM, IO Pi3KO
3HIKYeThCs KoHueHTpamis Ox (Cu’). V 1mpoMy BHIamKy BaKIHBO 3HATH, HA CKiTBKH
ICTOTHO 3HWKY€EThCS KOHIEHTparisi OX B 00'eMi po3unHy, gk B pasi po3unHy NaOH, tak
i B pa3i po3umHiB CuSO,+NaCl. OxmepxaHi pe3yibTaTH CBig4aTh, MI0 NMPH HUIBKUX
BupoOkax Ox i L B pozumnax (Ox — 1,32 %, L — 2,74 %) criagm Ha V5 — T 3QI€KHOCTSX
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NOB'sAI3aH] 3 CHJIBHOIO IACHBAIlI€I0 32 PaxyHOK ()OpMyBaHHS B NEPIIi CEKyHIH IIapy
Al(OH); 1 nomanpmoro Horo po3dMHeHHs (Iicis AOCSATHEHHs min Ha KpHBOi) 3a
MEXaHI3MOM KOMIIIEKCOYTBOPEHHSI.

VY pazi Ox — Cu®'—ioniB cmanm Ha Val— T 3a1eKHOCTIX (TICIS TOCATHEHHS MaKCH-
MyMY) TIOB'sI3aHUH 3 Pi3KUM 3HIKEHHSIM KOoHLEeHTpaii Ox B posunHi (119...120 %), Tak
1 3 TOCTPOKOBO e(eKTUBHUM CKPAaHYyBaHHSM IOBEpXHiI Al MOpyBaToOO IUTIBKOIO MeTa-
nesoi mizi. [pu migeuimenni konnentpanii Cu®” B 2 pasu xapaktep Va — T 3aneKHOCTEH
ITy’Ke TMOAIOHUH 10 V4 — T 3aJIeKHOCTIX MPH MOYAaTKOBil KoHIeHTparii 0,05 MOJIb M~
Cu®", a BupoGnenns OX 3aIHIIAETHCA MPAKTHYHO HA TOMY K PiBHi, 10 i B PO3YMHI 3
MEHILOI0 KOHLCHTPALIE.

BcranoBneno ¢akt HezanexHOCTI caxy V Bia crymneHs BupoOneHHsS OX TOBOPHTH
Ipo Te, IO MIBUAKICTh KOHTAKTHOTO OOMiHY 30UTBIIy€TBCS 31 301NBIICHHAM KOHIICH-
Tpanii OX B po34nHi, ajie IpH IIbOMY piBeHb BHpoOIeHHS OX MPaKTUYHO HE 3MIHIOETHCS
1 3HAXOJUTHLCS Ha PiBHI, OLIbIIOMY TeopeTuuHO MoxJuBOro (119-120%). B po3zunnax
CuSO,, 6e3 100aBOK akTHBATOpiB, po3unHeHHS AJ[-0 He BiIOYBa€ThCs, 1 TIIBKH MPH
nonaBanHi Cl° crmoctepiraeTbcsi akTUBHHMH IPOLEC PO3YMHEHHS. Y 3B'SI3KY 3 LIUM B
T1JIPOIMHAMIYHOMY pPEXHMIi, MaOyTb, OKUCHEHHS METaJly BiAXOAWTH 3 KOMOIHOBaHOTO
MexaHi3My, B sikoMy aHioHn Cl 3afisHi B akTHBaliiHO-OKMCHIOBAILHOMY IpOIleci 3a
yuactio Cu*".

Pesynbrati maHWX MOCIHIIKEHh MOXYTh OyTH BHKOPHCTAHI MPH OIIHII POOOYOro
pecypcy XiMIYHMX TEXHOJIOTIYHMX anapaTiB MPOTOYHOrO THITY, TPAHCIIOPTHHX CHCTEM
IUT TIepeKadyBaHHS PI3HUX XIMIYHHX PO3YHMHIB, Ta30MOJIOHMX MaTepialiB, a TaKoXK
MTO’KE)KHO-TEXHIYHOTO 00JaTHAHHSA, IO BHUKOPHCTOBYETHCS TP JIKBINAIil HACIIIKIB
Ha/I3BHYAIHUX CHUTYAaIlill.

Dmitry Sydorenko’, Vadim Tyutunik’, Volodymyr Kalugin®, Nina Opaleva'

CHEMICAL DISSOLVE TO ALUMINUM IN SOLUTIONS OF VARIOUS COMPOSITION AND
TECHNOLOGICAL PARAMETERS PROCESS OF PECULIARITY

National Technical University “Kharkiv Polytechnic Institute”, Department of Technological electrochemistry,
Kyrpychova Str., 2, 61002 Kharkiv, Ukraine

National University of Civil Defense of Ukraine, Kharkiv, Ukraine, e-mail: e-mail: kalugin.v.d@ukr.net

A rather complex character of the kinetic dependences of the dissolution process of Al in solutions with
various oxidants and ligands has been established experimentally under the conditions of changing
technological parameters of the process in certain ranges. It is shown that the features of the kinetic
dependences of dissolution of Al in various media, depending on the time of the experiment, the temperature
and the use of the hydrodynamic regime Vai—1, Va—t, Vo — @ are associated with the formation of
interphase layers of various physico-chemical nature, their subsequent hardening or partial or complete
destruction. It is established that these processes in time can occur periodically and are completely determined
by the conditions of hydrodynamic mass transfer as reagents and products in the interfacial reaction layer. The
results of these studies can be used to assess the working capacity of chemical flow-through devices, transport
systems for pumping various chemical solutions, gas-like materials, as well as fire-technical equipment used in
the aftermath of emergency situations.

Key words: aluminum, chemical dissolution, gravimetry, kinetic regularities, hydrodynamic mode,
interphase layers
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Cepziit TAPACOB', Onexcandp BYPAK', Bauecnae CKOCAP'

YCTAHOBKA JJIA EKOJIOTTYHOT O O3JOPOBJIEHHSA ITPICHHUX
BOJHUX CUCTEM

Ji . Lo . . .
Incmumym mpancnopmuux cucmem i mexuonoeiv Hayionanvnoi akademii nayk Yxpainu,
eyn. Iucaporcescvroeo, 5, 49005 /Jninpo, Yxpaina, e-mail: svu@westa-inter.com

Benunka gacTuHa 03epHUX 1 PIYKOBUX CHCTEM B JITaHWH 4Yac CTPa)KAA€ BiJl IHTCHCHB-
HOTO aHTPONOTE€HHOTO BIUIMBY, TOMY AaKTyaJbHOIO € 3a/ada PO3pOOKH EKOJIOTIYHO
0e3MeyHNX TeXHOJOTIH BiTHOBICHHS BOTHHUX 00'ekTiB [1]. Panime ¢axiBusMu Hamoro
InctuTyTy Oyna 3ampomoHOBaHa YCTaHOBKA JUIS €KOJOTIYHOTO O3JOPOBIICHHS BOIHUX
cucreM [2], ane il BUKOPUCTaHHS OOMEXEHO TIJIbKH O3€pamu, siKi Jlye 3a0pyIHEeHi.
Tomy B 11iii ZOMOBI/II MU 3aIIPOIIOHYEMO OUIBII YHIBEpCAJIbHY YCTAHOBKY JJISI OUUIICHHS
Ta JOOYHMIICHHS 03€PHHX 1 PIYKOBUX BOJOMM.

B ocHOBy KOHCTpyKILii HAMHU IOKJIaJIeHI OCHOBHI €JIEMEHTH YCTaHOBKHM [2], aie B
PO3pOo0IICHIN YCTaHOBIII HE BUKOPHCTOBYIOTHCS XIMIYHU pedoBHHH, sK B [2]. Ha puc. 1
HaBEJICHO 3arajlbHUH BUIJISA YCTAHOBKH, @ Ha PHC. 2 — BUIJI YCTaHOBKM 3Bepxy. Ha
MIOHTOHHOMY IIJIOTHKY 1 3 BUCOKOIO IUIaBYYiCTIO 3aKpiluIeHa TEXHOJIOTIYHA IUIoMaaKa 2,
Ha SKi 3MOHTOBAHO BITpOKoOJIecO 3 Ha TpaHCcMiciiHOoMy Bamy 4. Hamm BUKOpHCTaHMIA
BiTporenepatop 3 poropoM J[lap’e 3. Jlns reHeparii edeKTpoeHeprii y3sTuil enexkTpo-
TeHepaTop 5, AKil OB’ sA3aHU 3 BaJIoM 4 AHIFOTOBOIO Niepeaayero 6. J{1s HaKonmIeHHS
€JIeKTPOEHePrii BUKOPUCTAaHUH eNEKTPOXIMIYHUN aKyMyIsaTop 7.

1] SRR

Puc. 1. 3aranpHuil BUTTIS YCTAHOBKH TSI €KOJIOTIYHOTO 03I0POBJIEHHS BOJAHUX CHCTEM

Fig. 1. General view of the plant for the ecological improvement of water systems
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[TnommHa § enexTposi3HOro MOAYJISL NMPHKPIMJIeHA IO IMOHTOHHOIO IUIOTHKA 1, Ha
i¥ TTomaaIi BCTAHOBIICHO SIEKTPOITi3HI Ooku 9. [lmomiHa po3MiIIyeThes Ha TITHOMHI
BHUIIC TEPMOKIMHY JUIs TaHOi Bopoiimu. HamiBnpodini 10 akTuBaropa, sKiit Moxe ooep-
TaTUCs, BCTAHOBJICHI Ha TpaBepcax 11. 3a nonomororo rpedHoro koseca 12 opraHizyooTh
MPUTOK 3a0pyaHEHOI BOIU A0 pobodoro o0’eMy ycTaHOBKH. Skops 13 HamaroThs ycra-
HOBII cTifikocti Ha Boxi. CiTku 14 3 Benmkumu Ta 15 3 npiOHMME Biukamu 3abe3medy-
I0Th BUJIOB 3a0pyJHIOIOYHMX YaCTHHOK BiJIIOBIHOTO KaJiopy.

AL/
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Puc. 2. BI/IFJ'IS{}I 3BEPXY YCTAaHOBKH IJisd €KOJIOITYHOTO O3JI0POBJICHHS BOAHUX CUCTEM

Fig. 2. Top view of the plant for the ecological improvement of water systems

YcraHoBKa Npaioe HacTymTHUM YiHOM. [1IsixoM OyKkCHpyBaHHSI yCTAaHOBKY IEpeMi-
IIYIOTh TI0 MTOBEPXHI BOJOWMHUINA B 00JacTh, A€ MOTpiOHA eKoyoridyHa 00poOKa BOAHM i
3aKpIIUIIOIOTH 3a JOTIOMOTO0I0 sIKOpiB 13. 3a paxyHOK poOoTH BiTpokoiseca 3 i enekTpo-
reHepaTopa 5 BUPOOJSIETBCS CISKTPHYHA SHepris I (GYHKLIOHYBaHHS EJICKTPOJI3HUX
6sokiB 9 Ta mBUTYHa rpeGHOTO Kosteca 12, a TaKoXkK MEXaHIYHHNA KPYTHJIBHHH MOMEHT
U1 o0epTaHHs akTuBaropa. [licist po3moniry MK IPHUBOAAMHA BY3JIiB HAUIHAIIOK €JIeK-
TPUYHOI €Heprii HAaKONMUYYETHCSA B €NEKTPOXIMIYHOMY aKyMyJSATOpi 7, Il €Hepris mpu
BIZICYTHOCTI BITpY MOXke OyTH BHKOpUCTaHa Jyisi poOoTH ycraHoBKH. [Ipu oGepraHHi
rpebHoro kojeca 12 30yMKyeTbCsl IPUMYCOBHIM HOTIK BOJM 0 KaHAIY IOMDK HOHTO-
Hamu 1totuka 1. L Boaa mornepeiHbo MpOCOYyeThCs Kpisb CITKY 14 3 BeNMKUMH BidKa-
MU, JI¢ BIIOBIIIOIOTHCS KPYIHI 3a0pyHIO04i yacTHHKU. [1oTiM Bojga oOpobisieThes 3a
paxyHOK eyleKkTpoii3y B Onokax 9. HamiBmpodini 10 aktmBaTtopa, siki oOepTaroThCs 3
BIZJTHOCHO HHU3bKMMH E€HEproBHTpaTaMu, 3a0e3MedyIoTh MepeMilllyBaHHsS 0OpoOIroBaHOl
BOJIM, BiJpWB BiJI TIOBEPXHi CIIEKTPOMIB Ta PO3MOALIT OyIh0ANIOK KUCHIO Ta BOITHIO IO
30HI 00poOKkwu. Lli BTacTHBOCTI aKTHBAaTOpa Peani3ylOThCS Yepe3 IMITyJIbCHUHN XapakTep
B3a€MOJIiT HAMIBIPOQLTIB 3 eNeKTPOIi3HUMH O10kaMu. KpiMm Toro, micist enexTpoiizy B
BOJi MOXYTh yTBOPIOBATHCS IpiOHI YaCTHMHKM IOMIMIOK BHACHIOK iX koarysmii. Lli
YaCTUHKH MiAHIMAIOTECS J0 MOBEPXHI 32 PaxyHOK JidToBoi aepamii, mo 30ymKyeThCS
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MIOTOKOM Ta30BuX OyJbp0amoK BiJl €JIEKTPOIB, 1 Aai BUIOBIIOIOTHCS MPU ITPOXOPKEHHI
BOJIM Kpi3b CiTKy 3 npioHnME Biukamu 15. Citkn 14, 15 moTpiOHO mepiouuHO 3aMiHIO-
BaTH Ha YHCTi, a 3a0pyaHeHi — oynmarty. Sk Bimomo [3], exeKTpoii3 BOOU CHHTE3YE 3
BOJHM psIIl OKHCHIOBAYiB: KHCEHb, 030H, NEPEKUC BOAHIO, i0HU TiMOXJIOPULY (TOMY IO B
BOJIi 3aBXIIM MPHUCYTHI XJIOPHUIH), SIKi CHPUSIOTH €KOJIOTIYHOMY O3IOPOBIICHHIO BOIH 3a
paxyHOK 3HE3apa)XeHHS Ta IHTCHCHBHOI KHCHEBOI aeparfii.

EneproBuTparu npu npsMoMy eJIeKTpoJIi3i MPUPOAHOI BOIM CKIanamTh aech 0,05—
0,2 kBtroa/m® [3]. ToMy SIKII[O BUKOPHUCTOBYBATH B POJII IIPUBOY BITPOKOJECO (POTOP
Hap’e) noryxsictio 100 Bt Ha morni 4 M [4], To mBUAKICTE 00pOOKH BOAM csiraTuMe
nech 0,5-2,0 M3/ron. Skmio ofgHa yctaHOBKa mpaioBaTuMyTh 30 11i0 3a CE30H, TO BOHA
3naTHa 0310poBUTH Jiech 360-1440 M Boau, a00 OYMCTHTH IUIONLY BOAOMMHINA JECh
360—1440 m” pu cepe/Hiil rIMONHI OTHH METP.

SIK BUJHO 3 BUKJIQJICHOTO MPUHLKITY POOOTH Ta PO3paxyHKIB, 3alpOIIOHOBAHA yCTa-
HOBKa JUISl €KOJIOTTYHOTO O3/I0POBJICHHS BOJHUX CHCTEM MOXe OyTH €(DeKTUBHO BHKO-
pucTaHa Ha pivkax i o3epax Ui OYHINEHHS BOIM BiX BomopocTel, OakTepiil i 3a0pyn-
HIOFOYHX YaCTHHOK.

1. Huxumuwn O.B., Jlamwinoséa B.3. DKOTEXHOJOTMH BOCCTAHOBJIEHUSA BOIHBLIX 00BEKTOB. — Ka-
3aHb, 2014. — 151 c. Pexxum moctymy: http://dspace.kpfu.ru/xmlui/bitstream/handle/net/21987/
02_81_kI-000842.pdf.

2. TIlat. 105692 Vxpaina, MIIK (2014.01) FO3D 9/00, CO2F 1/46, CO2F 1/48 (2006.01). Ycra-
HOBKA 3 BITPOIPHBOAOM ISl €KOJIOTIYHOTO O3OPOBICHHS INPICHUX BOAHHUX cHcTeM / J[3eH-
3epcekuii B.O., Tapaco C.B., Cokonoserkuii 1.I., Bypsix O.A.; 3asBHHK i TaTEHTOBIACHUK
IHctuTyT TpaHcnoptux cucteM i TexHonorii HAH Vkpaimu. - Ne a201212130; 3assi.
22.10.2012; omy6:. 10.06.2014, 6ro1. Ne 11.

3. OwuwmcTKa BOABI MPSAMBIM 3JEKTPOIM30M. Pexum moctymy: http://www.electrochlor.ru/index.
php?option=com_content&view=article&id=24&Itemid=35.

4. [zenzepcvkuii B.O., Tapacos C.B., Kocmiokoé [IO. BiTpoycTaHOBKH Mayioi MOTYXHOCTI. —
Kuis: HaykoBa mymka, 2011. —C. 89.

Sergiy Tarasov', Oleksandr Buryak', Vyacheslav Skosar'
INSTALLATION FOR ECOLOGICAL RECOVERY OF WATER SYSTEMS

!Institute of Transport System and Technologies of National Academy of Science,
Pysarzhevskogo Str., 5, 49005 Dnipro, Ukraine, e-mail: svu@westa-inter.com

The installation for ecological recovery of rivers, lakes and other water systems is proposed. This
installation uses wind power and electrochemical battery. The purification of water is carried out by
electrolysis. Particles of contaminants are collected by a grid.

Key words: ecological recovery, water systems, wind power, electrochemical battery.
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CUHTE3 IHTEPMETAJILAIB HIKEJIb (KOBAJIBT) - MOJIIBIEH
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3YH1’3epcumem Exc-Mapcens, Ionimexniyna wikona, Yuisepcumemcokuil iHCmumym npomMuciogux
mennogux cucmem, CNRS UMR 6595, Texnononv oe LLlamo-I ombep, sya. Enpixo @epmi, 5,
13453 Mapcenv» CEDEX 13, @panyis

[Ipu xaTOogHOMY CITiBOCAIKEHHI METalliB Ba)KJIMBE 3HAUYCHHS MAlOTh BiIIOBIIHICTH
iXHIX KPUCTANIYHUX TIPATOK 1 PI3HMIIS CTAHJAPTHUX EJIEKTPOJHUX TMOTEHITiaNiB. AHAII3
EJIEKTPOXIMIYHOTO OJIEPKAHHSI CIUIABIB MOKA3Ye, 10 «TEPMOJUHAMIYHHN PEKHUM iX OT-
pUMaHHA Mae Micue Npu OJM3bKMX IMOTeHHianax BualieHHs kommoHeHTiB (0,2 B), a
CKJIaJ| CIUIaBIB HE 3aJIeKUTh BiJl TYCTUHHM CTPyMYy B HIMPOKOMY Jiarna3oHi il 3Ha4eHb.
[Mpwn Ginbwiit pisHuni norenuianis (>0,2 B) Mae Micue «KIHETHUHHI) PEXUM 1 CKIIax
CIUIaBY HE3HAYHO 3aJICKUTD BiJl PI3HUII NOTEHIIaIB.

VY nmitepatypi BizoMi poOOTH 3 BHBYECHHS KAaTOJHOTO CITIBOCAIKEHHS MOJIOIEHY 3
MeTallaMH, M0 XapaKTePH3YIOTHCS BiIMIHHHMH BiJl HbOTO KPHCTATIYHIMH TPATKAMH i
3HAYHOIO PI3HUICIO CTAHAAPTHUX EJICKTPOJHHX IOTCHIIANIB MOPIBHIHO 3 MOJIOICHOM.
3 TeopeTHYHOI Ta NPAKTHYHOI TOYOK 30pY BaXKJIHMBE BUBUCHHS OCOOJIHMBOCTEH €JIEKTPO-
OCaDKEHHS CIUIaBiB, KOMITOHEHTH SKHX MAlOTh PI3HOTHIHI KPHCTANiYHI IpaTKH, aje
6ym3pki enexTpomaHi moTeHmianmy. [lum Bumoram y posmiaBi NaCl-KCl BignoBigaroTs
MoiibeH (Bombdpam) i Hikensb (ko6ansT). IM Bmactusi OLIK i TIIK rpaTku BiamosixHO,
a CTaHJapTHI CIEKTPOJIHI MOTeHIIaNM BiApi3HAoThCa Ha 0,140 B y po3miaBi Ha OCHOBI
NaCl-KCI npu 1073 K i na 0,150-0,350 B (3ayie)xHO Bil OCHOBHOCTI pO3ILIaBy) B
rajoreHinHo-okcuHoMy posruiaBi NaCl-KC1-Na,MoO4-NiCl, npu 1023 K. ITpu nsomy
MOPIBHSHO 3 HIKeJeM IOTeHLian MoJiOaeHy (Boib(ppamy) B 000X po3IuiaBax OUIBII
MO3UTHBHUI 1 € MOMIJIMBICTD OJICP)KaHHS CYLUIBHHX MOJiOaeHOBUX (BOJIB(PaMOBHX),
MoJiOeH (Boyb(hpaM)-HIKEICBUX 1 HIKEIEBUX OCalliB PIi3HOTO CKIATy, 3AJICKHO BiA
CKJIQJLy €JICKTPOJITY i YMOB esieKTpoitizy. HeoOXiHOW YMOBOKO MPH LIBOMY € 3aXHCHA
aTMocdepa HaJ BaHHOIO. 3YCIUICHI OCaJu YTBOPIOIOTHCS JIMINE Ha OCHOBAx 3 rpadiry,
Mifi, HIKETIO 1 IUIATHHOBUX METAJIIB.

Enextpoximiuna nmoBeninka Hike/10 i ko0aabTy Ha (oHi BOJIb(PpaMaTHOTO PO3-
njaBy. Ha BompTaMIepHIX 3aI€KHOCTSIX Y BOJIb()paMaTHOMY PO3IIIaBi, IO MiCTHTh OK-
cun nikemo (II) abo okcun kobansty (I1), crocrepiranacs XBHIIS BiJHOBJICHHS IIPH T10-
tenrianax —(0,7-0,8) i —(0,8-0,9) B BiamoBigHOo. 30iIbIICHHS KOHIIEHTPAIll OKCHIIB
MPU3BOJUTH 110 IiABUIICHHS BiIIOBITHOI XBWIII Ta 11 3CYyBY B MO3UTUBHY 00JacTh. [1po-
I[EC BiJHOBJICHHS BiJIOYBA€THCS B OJIHY CTair0. 30UIBIICHHS IIBUIKOCTI MOJIAPHU3ALIi 10
5,0 B/c He mae 3MOrM BHSBUTH CTamilHICTh mporeciB. [loTeHmiocTaTHYHUI eneKkTpoi3
IIPY MTOTEHIiAJIaX XBUJIb, IO CIIOCTEPIraloThesl, BUSBIISE €MHUN MTPOMYKT — HIKENb abo
KOOaJIBT BiAIIOBIIHO.
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3aJeXHICTh CTPYMY IIKY BiJ] KOHIEHTPALil OKCH/IB HIKEJIIO 1 KOOAJIBTY IpH Bapiro-
BaHHI HIBUJKOCTI Monsgpusauii € npsamonponopuiino. CrisBigHomeHHS i,/V 2 npak-
TUYHO CcTaje B iHTepBaii mBuakoctel nomsapusanii 0,05-2,0 B/c. KoncranTa maco mepe-
Hocy i,/nFC, 1mo xapakrepusye cHoci®é JOCTaBKM pPearylouux PEYOBHMH JIO MOBEPXHi
enexTpona, nopisHioe (2,3-2,9)-107* (mpu aenonspuzaropi Ni) i (2,1-2,7)-107* em/c (mpu
nenossipuzaTopi CoO), mo y3romkyerbes 3 audysiiiHoo nocraBkoro. [IpsMomporop-
HiffHa 3aJeXHICTh TPAHUYIHOTO CTPYMY BiJl KOHIICHTpALii OKCHIIIB, CTAJICTh CHIBBiIHO-
TICHHS ip/V”2 B IIMPOKOMY IHTEpBai MIBUAKOCTEH MOJSAPU3aLlii Ta BETUYNHA CITiBBiIHO-
meHHs i,/nFC BKa3yoTh Ha MIMITyBaHHS €JIEKTPOIHOTO MpoIecy AUPY3iero eTeKTPoxi-
MIYHO aKTUBHHX YacTOK JI0 MOBEPXHi ejekTposa. OTike, 32 TAKUX PEKUMIB MOJISpU3aLii
HIBUKICTh YTBOPEHHS €JIEKTPOXIMIYHO aKTUBHHMX YaCTHHOK HE HaKiaJae OOMEKEeHb Ha
€JIeKTPOIHHI MpoLiec.

AHai3 3a1eXHOCTeH PIBHOBKHHX ITOTEHIIANIB BOJIB(PAMOBOTO, HIKEIEBOIO i KO-
0aJbTOBOTO ENEKTPOJIB Bill KOHIEHTpALii OKCHIIB y po3IuIaBi Boib(pamary HaTpito,
CTaLliOHApHUX 1 HECTALliOHApHWX BOJIFTAMIICPHHUX 3aJISKHOCTEH NIaB 3MOTY 3poOuTH
BHCHOBOK TIPO MOXIIMBICTH peajizamii B po3IUIaBi Bolb(paMaTy HATpiro 0OOpOTHHUX
pIBHOBAT i TIPOIIECIB 32 yUaCTIO Hikexro 1 kobansTy (I1).

ChijibHe e1eKTPOBiTHOBIEHHS HikeI0 (K00aabTy) i okcuaHuX (hopM MoJIiOAEHY
(Boabppamy) (VI) 3 BoabppamMaTHOro po3miaBy Ta CHHTe3 Hikeldb (K00aJabT) -
MOJIi0eHOBHX (BOJIb()paMoBHX) cIIaBiB. 3 momaBaHHsM okcuay monioaeny (VI) mo
HIKEJIEBMICHOTO BOJIb()PaMaTHOTO PO3IUIaBY 3'SBISETHCS XBWIISL BIAHOBICHHS JUMOIIO-
JaT-i0Ha:

Mo,0,> + 6e <> Mo + MoOs + 30%. (1)

Pi3HuIsg B moTeHmianax BUAUICHHS Hikemro i Monibaeny craHoBuTh 0,090-0,115 B mpu
1173 K, npudomy, Ha BiAMIiHY BiJ TaJOTCHITHUX 1 TaJOTCHITHO-OKCHAHUX PO3ILIABIB,
HiKeJIh Ma€ OiTbII MO3UTUBHUH MOTEHIIIAN, HI)K MOJIOeH B OKCHTHOMY PO3ILIABI.

Sk 6a30BHIl €NEKTPOIT I OCAKCHHS CIUIaBiB IIUPOKOTO iama3oHy CKiIaaiB Oyio
BUKopucTano posmiaB Na,WO,—2,5 monl % MoO;. [Ins KaTomHOTO CHiBOCAIKCHHS
METaiB y CIUIaB MOJIIOJICHOBUI aHOJl 3aMiHSUIM Ha HIKEJICBHMH, a EIEKTPOJI3 BelH MpH
katozHii ryctuni crpymy 0,05 i 0,1 A/em” y TemneparypHoMy intepsani 1123-1173 K.
Konrnenrparnito MoO; mintpumysanu B intepBaii 1,0-2,5 mon. %, a koHueHTpamiro Ni
sMiHtoBanu Big 0,1 no 1,0 mon. %. IIpu pboMy MoJIbHE CIIBBIJHOIICHHS HOHIB MOJIO-
IleHy 1 Hikemro 3MiHIOBanocs Bix 250 mo 1. Iigpumenns koHmnenTpanii Ni abo Temrie-
paTypH i 3HWKEHHS KaTOAHOI TYCTHHH CTPYyMY IPU3BOMIATH JIO IiJBUINCHHS BMICTy Hi-
Kemo B ocafi. 3 posmuasis, mo mictate 0,1-1,0 mon % Ni, npu temmnepatypi 1123—
1173 K ©Ha kaToAi MOCHIZOBHO BHIUIAIOTHCS CYIUIBHI mapu iHTepMmeramigiB MoNi,
MoNi; i MoNiy. Yci BoHE MaroTh ApiOHOKpUCTaiuHy abo0 mapyBaTy CTPYKTYpY, a ix
MIKpOTBEp/IICTb y 3a3HAYEHOMY PAi 3MEHIIyeThCst 3 715 10 345 Kkr/mMm?.

Beenennst okcuny Bosibdpamy (VI) y HikeneBMicHUI BOJb(ppamMaTHUN PO3IUIAB MPH-
3BOJIMTB JI0 MOSIBU XBWJII BITHOBJICHHS AUBOJIb()paMaT-ioHa:

W,0;" + 6e <> W + WO, + 307, 2)
PizHuns B nmoTeHIiaNax BUAUIEHHS HiKelro 1 Boab(pamy craHoButs 0,130-0,160 B mpu
1173 K, mpudomy B Hikemto BiH Buile. MeToANKa OCaKESHHS CIUIABIB aHAIOTIYHA OITH-
caHiif BuIe. 3 Ti€lo JUIIE Pi3HUIICIO, IO BUXITHUM CIyXHB po3ruiaB Na, WO,—5,0 mod.
% WOj;. ITpn nboMy 3aKOHOMIPHOCTI OCaJPKEHHS CILUTaBiB aHaoriaHi Mo-Ni.
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JonaBanus okcuay Boib(pamy (VI) 10 kK00aabTOBMICHOTO BOJB(paMaTHOTO Po3-
IUTaBY TPHU3BOJNTE O MOSBH XBWIII BiJHOBJIICHHS TUBOJb(pamar-ioHa, MO BiIMOBiTae
peaxiii (2). Pi3HuI B mOTeHIianax BHIUICHHS KOOANBTY 1 BOIb(paMy MpH IOMY CTa-
HoButh 0,080-0,140 B 3a 1173 K i Ha BiAMiHY BiI TaJOTCHITHUX i TaJlOTeHIiTHO-OK-
CHIHUX PO3IUIABIB, MOTEHINAN KOOATBTY MO3UTUBHIMIKI 3a MOTEHIIall Bodb(ppamy (Mo-
nib/IeHy) B OKCHIHOMY pO3IUIaBi. Sk 0a30BHHA €IEKTPOIIT IS OCaIKEHHS CIIaBiB OyII0
BUKopucTano posmiaB Na,WO, — 1,5 mon % WOs;. Ilpu nepexofi 10 KaTomHOrO CITiB-
OCa/DKCHHS METaiB BOJb(PPAMOBHI aHOJ 3aMIiHUIM Ha KoOaibTOBUH. EkcrepuMeHTH
IPOBOIIM 33 KAaTOXHOI TrycTHHH cTpymy 0,075-0,12 A/em® mpu 1123-1173 K. Kon-
neHrpamiro WO; miarpumyBanu B intepBani 0,1-1,5 mon. %, a konnenrtpamiro CoO
amiHtoBasu 3 0,01 mo 1,0 moin. %. Ilpu 1boMy MoJIbHE CIIBBiIHOIIEHHS HOHIB BOJb(]-
pamy i kobaneTy 3MiHFOBanmocs Bix 250 go 1. 36imemienHs koHueHtpanii CoO, minBu-
IICHHS TEMIICPaTypH 1 3HIDKEHHS KaTOMHOI TYCTHHHU CTPYMY HPU3BOJAATH IO 3pOCTaHHS
BMICTYy KOOAIBTy B OCaJi.

HonmaBaras MoO; 10 K00aTbTOBMICHOTO BOJB(PAMATHOTO PO3ILIABY BHKIUKAE II0-
sIBY XBWJII BiTHOBJICHHS IUMOJiOOaT-ioHa, mo BiamoBigae peakii (2). [Torenmian Bumi-
neHHs kobansTy Ha 0,060-0,110 B mo3uTHBHiIIe 3a MOTEHIIIaN BUAUICHHS MOTIOACHY 3a
1173 K. OmnucaHni BuIle 3aKOHOMIPHOCTI €IEKTPOOCAKCHHS BOJIb(PpaM-KoOaTbTOBHX
CIUTaBIiB XapaKTEPHi 1 JJIS OCa/PKEHHsS MOJiOACH-KOOAIBTOBUX CIUIABIB. 3aJIe)KHO Bij
criBBifgHOIICHHS KOoHIEHTpaliii MoO; 1 CoO i1 KaroaHOi TYCTHHU CTPYyMY 3 PO3ILIABY
Na,WO,4-Mo0Os-Ni MoxyTh OyTH OTpuMaHi cyniabHi ocagu Mo, CoMo, CosMo, Co.

Nataliia Uskova', Angelina Gab?, Viktor Malyshevl‘z, Marcelle Gaune-Escard’

SYNTHESIS OF NICKEL (COBALT) - MOLYBDENUM (TUNGSTEN)
INTERMETALLIDES BY OXIDE MELTS ELECTROLYSIS

'V.I. Vernadsky Institute of General and Inorganic Chemistry of National Academy of Sciences of Ukraine,
Palladina Ave., 32/34, 03142 Kiev, Ukraine, e-mail: viktor.malyshev.igic@gmail.com

ZUniversity “Ukraine”, Lvivska St., 23, 03115 Kyiv, Ukraine

3 dix-Marseille University, Ecole Polytechnique, IUSTI, CNRS UMR 6595,
Technopole de Chateau-Gombert, 5 Rue Enrico Fermi, 13453 Marseille cedex 13, FRANCE

Electrochemical behavior of nickel and cobalt in tungstate melt and electrolysis conditions influence on Ni
(Co)-Mo(W) alloys deposits composition and structure in oxide tungstate melts is studied. It is shown that
cathode deposits phase composition changes from Ni through Ni(Co)-Mo(W) alloys and intermetallides of
different composition to pure Mo (W) under Mo (W) concentration increasing and Ni (Co) concentration
decreasing in the melt.

Key words: nickel, cobalt, molybdenum, tungsten, intermetallides, oxide melts, electrolysis.
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EJIEKTPOOCAZKEHHA TA ®OTOEJEKTPOXIMIYHI BJTACTUBOCTI
IVIIBOK BiVO4/WO;

Incmumym 3azanvnoi ma neopeaniynoi ximii im. B. 1. Bepnaocvkoeo HAH Ykpainu,
npocn. Axao. Ilannadina 32/34, 03142 Kuis, Ykpaiuna, e-mail: foma7@ukr.net

Ockibky muprHa 3a00poHeHo01 30U BiVO, 3HaxomuThes B Mexax 2,2+2,6 eB, Taki
HAIIBIPOBIMHUKU OOpE MOTIMHAIOTH BHIUME CBIiTIIO. KpiM Toro, Bimomo, mo BiVO,
Mae (HOTOKATANITHYHY aKTHBHICTB, SIKa 3aJCKUTh BiJl KpUCTANIYHOI (popMu Ta MiKpo-
CTPYKTYPH, IO iCHY€ B TPHOX OCHOBHUX KPUCTAJIYHUX MOAU(IKALISLX: TETparoHAIbHUI
IUPKOH, MOHOKJTIHHUH IIEENT Ta TeTparoHalbHi meeliToBi cTpykTypH [1]. MoHOKITiH-
HUI IIeelTiT AeMOHCTpY€E HabaraTo BUILY (OTOKATATITHYHY aKTUBHICTD IO BiIHONICHHIO
no iHmux ¢opm [2]. Tomy me poOuTh HOro MEepPCIIEKTUBHIM NPY BHKOPHCTaHHI SKi (o-
TOENEKTPOIIB KOMIPOK I (HDOTOENEKTPOXIMIYHOTO PO3KIAJaHHS OPTaHIYHUX 3a0pyn-
HIOBauiB Ta po3kiany BoAu. JlaHuii marepiayl OibLI €KOJIOTIYHO YHCTHH IOPIBHSHO,
Hanpukian, 3 ¢orouyrauBumu croiykamu Cd, Pb. 3 miTeparypu Biomi mepeBaxHO
MOHOKITiIHHI nopormiku BiVO,, oTpuMaHi 3a TOMOMOIOI0 TBEPAOTUILHUX Peakiiid Ta op-
raHiYHOTO po3KiIafgaHHs MeTaliB [3]. Mu akIeHTyeMO yBary Ha MPOCTHX Ta JOCTYITHUX
METOJMKaX CHHTE3y. 30KpeMa, Ha METOJl eJeKTPOXiMi4HOro cuHTe3y. JlaHuii meron
NIePCIIEKTUBHUI OCKLIBKU JJO3BOJISIE OTPHUMYBATH HAIIBIPOBIHUKHM 33aHOTO XiMIYHOTO
CKJIaly IUITXOM BapilOBaHHS CKJIAJIOM EJICKTPOJITIB Ta MapaMeTpaMu CHHTE3Y (ITUTiBKH,
OTPUMaHI JaHWM METOJOM, MAalOTh XOPOUIy aire3it0 3 pi3HHMH miakmagkamu). Kpim
TOTO, 3aCTOCYBaHHS EJNEKTPOXIMIYHOTO OCaKEHHsS MEPCHEKTUBHO Uil OTPHMAaHHSI
rerepocTpykryp BiVO4/WO;, ockinbku (opMyBaHHS TaKHX TETEPOCTPYKTYp CHPHSE
MiABUIIECHHIO IBUAKOCTI (HOTOENEKTPOXIMIYHOI peakiii BHIUICHHS KHCHIO 32 PaxyHOK
eJIeKTpoKaTalliTHYHUX BiacTuBocteit WO; [4]. Haituacritie Taki reTepocTpyKTypu OTpH-
MYIOTh METOZIOM «spin-coating» [5] abo enekrpoximiunuM criBoca/pkeHHsM BiVO, Ta
KOJIOiMHOTO po34rHy 4acTok WOj; [4].

B naniii po6oti HamMu OyJ10 3aCTOCOBAHO METO/] EJEKTPOXIMIiYHOTO (POPMYyBaHHSI I1a-
piB WO; ta BiVO, Ha migxmamgm SnO,. Ocamkenas WO; mpoBOIWIN 3 NEPOKCHIIHO-
KHCJIOr0 PO3uHHY Bonbhpamaty Hatpito (pH 1,1) kaToxuum ctpymom 1,5 MA/em?. Tlnis-
KU BaHAJaTy BICMYTY OTPHMYBAIIHCh €JICKTPOXIMIYHUM OCAIKCHHSM 3 KHCJIUX PO3YHHIB
pH 4,8-5 Ha ocHOBI BaHamui Cyib(ary i HITpaTy BICMYTy aHOTHHM cTpymoMm 1+1,5
MA/cM®. DOpMyBaHHS BaHAJATY BICMYTY BiIOYBA€ThCS 3a PaXyHOK aHOAHOTO YTBOPEH-
HS 10HIB BaHA/i€BOI KUCIOTH 1 BICMYTHII-10HIB, iCHyI0unX Tpu 1poMy pH. 3 anamizy mi-
arpam [lypOe i i0HIB BaHaAi0 Ta BICMYyTY, a TaKOX MOJSIPU3AIIMHAX BHMIPIOBaHb
mporecy ocakeHHs BiVO, 0yio BCTaHOBIEHO, IO OTPUMAaHHS IUTIBOK IPOXOIUTH IO
3MIIAHOMY MeXaHi3My, IO BKJIOYA€ €IeKTPOXiMiuHy cTamiro oxucHenHs VO®' 1o
H,VO, Ta B3aemoxito BiO" 3 H,VO, . AHani3 peHTreHOrpaMM MOpPOUIKIB 3 ILTBOK
BiVO, ta BiVO4WOs3) micns tepmoodpodku mpu 5S00°C (puc. 1) mokasas, 1110 BOHH
CKJIaZIalOThCs TNEpeBaXHO 3 MOHOKIIHHUX BiVO, Ta WO;. Bigomo, mo ¢opmyBanHs
rerepoctpyktypu BiVO, 3 WO;, ne o0uasi ¢a3u MaroTh MOHOKJIIHHY Mojudikariito,
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Puc. 1. Pearrenorpamu nopomkis 3icko0ieHux miiBok BiVO, (1) Ta BiVO,(WOs3) (2),
OTPUMaHHX €JICKTPOXIMIYHUM OCAKCHHSM Ta BUTPUMAaHHX Ipu Temmeparypi 500°C:
* — MoHOKITIHHA cTpyKTypa BiVO,; ¥ — MoHoKIIiHHA cTpykTypa WO3; ® — cTpyKTypa

TeTparoHansHoro BiVO,

Fig. 1. X-ray diffractograms of the BiVO, (1) and BiVO4WO;) (2) powders which were
obtained by scraping off of the electrochemically deposited and withstanded at
temperature 500°C films: * — monoclinic structure BiVO,; ¥ — monoclinic structure WOs3;

e — structure of tetragonal BiVO,

CIpHsE MiABUIICHHIO (POTOKATATITHIHO! aKTUBHICTI TOBEPXHi, MOJIMIIY€ TOMIT 3apsiiB
1 TIepemIKoKae mporecaM peKkoMOiHamii, 0 MPUBOANTE OO POCTY (OTOMOTEHINATy i
KBaHTOBOTO BHXOJy TaKUX €IEKTPOMiB [5].

JlocaiKeHHST CHEKTPAIbHUX XapaKTCPUCTUK IMOKA3aJid, 10 MOHOKIIHHI IUTIBKH
BiVO4(WO;) MatoTh BHCOKI NOKa3HHKH KBaHTOBOTO Buxoay ¢oroctpymy (12-30 %) B
mupokiit odnacti cnekrpy (300-500 HM), B TOif 4ac SIK KBAaHTOBHHM BHXill (OTOCTPYMY
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Puc. 2. KBanToBuii Buxij ¢poroctpymy miiBok BiVO, Ta BiVO,(WO;), orpumanux
SJISKTPOXIMIYHUM OCA/DKEHHSIM Ta BUTPUMAHUX IpHU Temmeparypi 500°C

Fig. 2. Quantum yield of photocurrent of the BiVO, and BiVO,(WOs) films obtained by
electrochemical deposition and withstanded at 500°C
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wiiBok BiVO, B obmacti 400-500 HM craHOBUTH 12%. OTXe, 32 paXyHOK BKJIaxy TpH-
OKCUIy BONb(paMy MOKHA 30UIBIIMTH 3aralibHAIl IOKa3HUK KBAaHTOBOTO BHXOXY
¢doToCcTpyMy, IO CHPUATHME OUTBII SPEKTHBHOMY BHKOPHCTAHHIO TAaKUX IUTIBOK SIK
¢doToaHOIIB.

TakuMm YrHOM, METOH eNeKTpoXiMidHoro ¢opmyBaHHS ILTiBOK WO; ta BiVO, 3
MOIATIBIIOI0 TEPMOOOPOOKOIO TEPCIIEKTUBHUAN Il OTpUMaHHs reTepomapiB WO; Ta
BiVO, 3 MOHOKIIIHHOIO CTPYKTYPOIO 1 IX BUKOPHCTaHHS 5K e(heKTUBHUX (HOTOAHOMIB IS
(OTOENEKTPOXIMIYHUX EPETBOPIOBAUIB COHSIYHOT eHeprii.
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Sergei Fomanyuk, Vitaly Smilyk, Igor Rusetsky, Gennady Kolbasov

ELECTROCHEMICAL DEPOSITION AND PHOTOELECTROCHEMICAL
PROPERTIES OF BIVO,/WO; FILMS.

V.I. Vernadskii Institute of General and Inorganic Chemistry of the Ukrainian NAS,
Palladina Ave., 32-34, 03142 Kyiv, Ukraine, e-mail: foma7@ukr.net

By method of electrochemical deposition was formed a heterostructure based on the WO; and BiVO,
layers. The WOs; precipitation was carried out from a peroxide-acid solution of sodium tungstate (pH 1.1) on
the cathode. The films of vanadium bismuth were obtained by electrochemical precipitation from acid solu-
tions of pH 4.8-5 vanadil sulfate and bismuth nitrate at the anode. It was established that BiVO, films are
produced by a mixed mechanism, which includes the electrochemical stage of oxidation of VO** to H,VO, and
the interaction of BiO" with H,VO, . X-ray analysis of powders of BiVO, and BiVO4(WO5) films after heat
treatment at 500°C showed that they consist mainly of monoclonal BiVO, and WOs;. The analysis of spectral
characteristics showed that monoclinic BiVO4(WO;) films have high quantum yields of photocurrent 1j; = 0.3—
0.12 in the wide range of 300-500 nm in comparison with BiVO,, where 1}; = 0.12 at 400-500 nm.

Key words: BiVO4/WO; films, electrochemical deposition, photoelectrochemical properties
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HAHOCTPYKTYPOBAHMI KOMITO3UTHU MATEPIAJI HA OCHOBI
OKCHUJHHX CIIOJYK XPOMY TA MOJIBJAEHY, JOITIOBAHUX JIITIEM

ITnemumym 3azanvhoi ma neopeaniunoi ximii im. B.1. Bepnaocvkoco HAH Yxpainu,
npocn. Ilannaoina, 32/34, 03680 Kuis, Yxpaina, e-mail: kolbasov@ionc.kiev.ua

Bigomo, 110 OKCHIHI 3'eTHAHHS MePeXiTHIX METAaJliB, 0CcO0JIMBO
HECTEXiOMETPUYHOTO CKJIay, IMPOKO BUKOPHCTOBYIOTHCS SIK KaTaJi3aTOpPH B IpoIecax
BIJTHOBJICHHS! KHCHIO 1 OKHCHEHHS BOJHIO B IaJMBHUX EJIEMEHTaX, B EJIEKTPOIAHUX
Marepianax ximigaux jxepen crpymy (XJC) ta inm. Ili croiayku XapakTepu3yloThes
BHCOKOIO €JICKTPOXIMIYHOI AKTHUBHICTIO ITOPIBHSHO 3 CIIONYKAMH CTEXiOMETPHUYHOTO
cKiamgy. BcTaHOBIEHO, IO MIBHAKICTH €JIEKTPOBIXHOBIECHHS HECTEXiIOMETPUIHUX
OKCHIIHUX CIIONIyK 3pOCTa€ TMpH 30UIBIIEHHI CTYNeHS BIAXWICHHA IX CKIangy Bix
crexiomertpii. Lle, B cBOrO 4epry, 00yMOBIIIOE 3MiHY BIACTHBOCTEH CITONYK, HAIPHKIIAT,
3arajgbHOI MPOBIMHOCTI 1 i1 CKIIaZOBHX - 10HHOT 1 eNleKTpoHHO1. Ha mifacTaBi HedncIeHHNX
maHux [1], MH mpHIyCKaeMo, IO iOHHA MPOBIAHICTH BigoOpa)kae KiJbKICTh MC(PEKTIB
KPHUCTAJIIYHOI CTPYKTYPH CHOJYKH. Y 3B'S3Ky 3 LM NPUIIYIIECHHSM, ITOBHHHA
CHOCTEpIraTucs KOPEeALis 10HHOI CKIIaZ0BOi 1 MIBHIKOCTI €NeKTPOXiMiYHOI peakuii 3a
YUacTIO Ti€l YM iHIIOI HECTEXIOMETPIYHOT OKCHIIHOT CIIOTYKH.

Crin 3a3HaYMTH, MO MIBUAKICT €JEKTPOXIMIYHUX HPOLECIB IIie OUIbIIE 3pocTae Mpu
nepexoni 10 komrno3utHux (KM) nBox, a00 TphOX KOMITOHEHTHHX CHCTEM Ha OCHOBI
HECTEXIOMETPUYHUX OKCHIHUX CIIONYK, HAIIPUKIIA], OKCHIIB XpoMy i MomiOneHy [2], Ta
OKCHIIB XpOMY Ta MOJNiIOACHY JOITOBAHHUX JITiEM.

BrnactuBocti KM 3anexars TakoX 1 BiJ crmocoOy HOro OTpUMAaHHS: HAaHECEHHS
MOKPUTTIB IJIA3MOBHAM HANWJICHHSAM, BAKYyMHE 1 eMiciiiHe HaHEeCCHHS, eJIEKTPOXiMidHe
OCaDKEHHS, OCaPKEeHHS 3 Ta3oBoi dasu [3].

VY naniit po6otri OyB oOpaHHMi METOA EJICKTPOXIMIYHOIO OCAKCHHS 3 BOIHHX
CJIEKTPONITIB, SIK HAaWOUIbII TEXHOJOTIYHME, WO J03BOJIsiE OTpuMyBatH KM
BiITBOPCHOTO CKJIAJy, IO € HOro icToTHOW mepeBaror. HIibHICTh CTpyMy 1 BeTHUHHA
MOTEHLiaTy J03BOJISIOTH TOPIBHSHO JIETKO PETYJIIOBATH CKiIaz oJiepxkyBaHux KM.

B pesymprari mnpoBeneHMX JOCIHIIKEHb BCTAHOBJIEHO ONTHMAJIBHHH  CKIIaX
€JIEKTPOJIITa Ta YMOBH €JIEKTPOXIMIYHOTO CHHTE3Y (SIK y BUTJIS IUTIBKH, TakK 1 TIOPOLIKY)
HAHOCTPYKTYPOBAHOTO KOMIIO3UTa Ha OCHOBI OKCHJIB XPOMY i MOJIOACHY, JOMOBaHUX
miriem, t/am: CrO;s - 300, (NH,)gM0;,0,4-4H,0 - 0.01-0.05, HF — 2, LiCO;_- 0.1.

Temneparypa 18-22°C, ryctuna crpymy 10 0.5 A/em”.

3 mikpodoTtorpadiit mopomrkie KM 3a 10mmoMoror TpaHCMICIHHOTO MPOCBITYIOYOTO
Mmikpockona JEOL jet-100cx-ii BCTAaHOBIIEHO, 110 HOTO XapaKTepHi T€OMETPUYHI PO3MIpH
[0 BCiX HAmpsIMKax HE IMepeBHIIyIoTh 150 HM, a OCHOBHa Maca pO3MIpiB YacTOK
3HAaXOAMUTHCS B Mexkax 5 — 10 HM.

Iponykr mictuts 4,6% Boau Ta 3,4% TiIPOKCHUAHUX TPYI, IO MiATBEPHKYETHCS
¢bi3uKo-XiMiuHMMU aHaizamu: TepMorpaBumetpii Ta IK-ciekrpockormii Ta 85 -89% CrO,,
5-6% MoOy, 0,02% mniTiro.
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L1i crionykn XapakTepHu3yIOThCs 3MILIAHO0 MPOBIHICTIO - I0HHOIO 1 €IEKTPOHHOIO Ta
BHCOKOIO KAaTaJITHYHOI aKTUBHICTIO. CIOCTEpiraeThcs 4iTKa KOPENSIis KOHICHTpAmii
TiIPOKCITHUX TPYI, KaTAIITHYHOI aKTUBHOCTI Ta i0HHOI CKJIa10BOi poBimHOCTI KM.

OTpuMaHi pe3ysbTaTd JAr0Th 3MOTY OjepKaTh e()EKTHBHUI IUIIBKOBHN KATOIHHM
MaTepian A JITiH-IOHHUX aKyMmynsaTopiB, skuii y tumoposmipi RC-2325 mokasas
HACTYIHI pe3yIbTaTH, Tabmuis 2

Ta6mmus 1. [TutoMi XapakTepHCTHKN aKyMyJIsITOpa 3 KOMITO3iLiHHIM KaToI0M

Table 1. Specific characteristics of the battery with a composite cathode

Tunoposmip (023 | R, Bara, Q, No, I, Wa, P,
mM, H=2.5 mm) | kOM MT MA-Tox T ! | mukn | MmA/em? | Brrow/kr | Br/kr

JliroBanuii 150 2.5 175 >4() 0.01 630 30

HaHOKOMITO3UT 30 2.5 144 >4() 0.05 461 150

1. IHlnax A. I1., Heanosa H. J[., Bonovipes E. H. CUHTE3 HECTEXHOMETPHUUECKUX OKCHIOB Maap-
raHia u xpoma u ux uciegosanue meronoM POC // Coopuuk crareil XapbKOBCKOH HaHOTEX-
HoJslornueckoi accambuien. 23-27 anpens 2007 r., Xapskos. — C. 103—106.

2. Heanosa H. JI., bondipes E. U., Ilcapéeéa T. C. HoBble KOMIIO3UTHBIE MaTepHUajbl HA OCHOBE
OKCHJIHBIX COCIMHEHHII Xpoma, MonubaeHa W kobaibra // Ximis, ¢i3uka Ta TEXHOJOTis
noBepxHi. —2012. — T. 3, Ne 3. — C. 199-204.

3. Onepm O. I, [Joouxos M. B., Hosomopyes B. M. Hanocoenunenus // Ycnexu xumun — 2010.
—T.79, Ne 8. — C. 758-779.
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NANOSTRUCTURED COMPOSITE MATERIAL BASED ON OXIDE COMPOUNDS
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We have studied the possibility of producing composite materials by electrolysis of aqueous electrolytes
on the base of chromium and cobalt oxide doped lithium. Optimum conditions for their obtaining are
developed and maximum rate of deposition on different materials is found. The constituents of the composite
material are determined with the help of chemical and IR-spectroscopic techniques. The product contains 4.6%
water and 3.4% hydroxyl groups, which is confirmed by physical-chemical analyzes: thermogravimetry and
IR- spectroscopy. It is established that its geometric dimensions in all directions do not exceed 150 nm, and the
bulk of the particle size is within the range of 5 - 10 nm. The possibility of using composite as a cathode for
lithium-ion batteries is shown.

Key words: electrochemistry, power sources: composite materials, electrolyte, cathode material, miTiii-
IOHHUI aKyMyJISITOP.
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CYYACHI KOMITIO3UIIAHI MATEPIAJIA JIJIA BACOKOEHEPTOEMHUX
JITIEBUX JKEPEJ CTPYMY
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B ocranHi poku niTii-ioHHI akymyisitopu (JIIA) posrisaatoTbes sk HaOUIbII epc-
NeKTHBHI ximivHi mkepena ctpymy (XJC), mo cTpiMKo pO3IIUPIOITH ChepH iX 3acTo-
cyBaHHs. JIIA 3HalIIM DIMPOKE 3aCTOCYBaHHS B IIOPTATUBHIN €EKTPOHILII Ta €IEKTPO-
TexHilli (MOOUThHI TenedoHH, MOPTATUBHI KOMI'IOTEPH, BilCOKAMEPH, CIEKTPOIHCTPY-
MEHT) Ta B €JIEKTPOTPAHCIIOPTI.

Bunyck JIIA mouascs B 1990 poui 3 orosomenHs kommaHisiMu «Sony Energytec
Inc.» i «Moli Energy Ltd» mpo BHUITyCK eleMeHTIB Ha OCHOBI BYTJICIIEBOTO aHOZA Ta Ka-
toxy 3 mminenei LiCoO, i LiNiO,. Ctopenns JIIA cTano MOXIMBHM ITiCIS BIIKPUTTS
SIBUIA IHTEpKAJAMmii (BIPOBAKECHHS), CYTh SIKOTO TOJSATa€ B MOXIIMBOCTI BIPOBA-
JKCHHS 10HIB JIITIIO B CTPYKTYpy MaTepiany katoaa i anoma. Ciif 3a3HaYUTH, IO 3 MO-
MEHTY IOSIBH MEPUIOTO JIiTii-I0HHOTO aKyMyJISITOpa HOro MUTOMA €EMHICTh 30UIbIIMIACH
Maibke B Tpuui. He3Baxkaioun Ha BENHMKY KUIBKICTH IOCHIDKEHb B JaHid ramysi, miia
HU3Ka Npo0JIeM 3alIMIIAEThCsl HeBUpieHUMH. OHIEI0 3 HAHBAKIIMBIIINX MPOOIEM HO-
BUX THIIIB €JEKTPOJHUX MaTepiajliB 3aJMIIA€ThCs 3a0e3MeYeHHs] rapaHTOBAHOI SKOCTI
aKyMyJISITOpIB (3aaHOi €MHOCTI, eHeprii, TepMiHy ciyO0u) 1 Oe3yMoBHOI Oe3neku ix
eKCIuTyaTalii B anapaTypi. Y Kpammx cBiToBux 3paskax JIIA B octanHi 3—4 poku mocsr-
HyTa JOCUTHh BHCOKAa MHUTOMAa eHepris Ha oauHUIo macu (~200 Brrom/kr). [Momanbmie
NoKpamieHHs. eHeproeMHocti JIIA MoskimBe Ipu 3aCTOCYBaHHI HOBHX MatepiaiiB, IO
MaroTh 3HaYHO BUIY €HEProeMHicTh. TOMy y BCbOMY CBiTi IPOBOIUTHCS MOIIYK HOBUX
€JIeKTPOJHHUX MaTepialiB Ta IUIIXiB 301IbIIIEHHS eHEPrOEMHOCTI aKyMyJsiTopis [ 1-3].

Ha xadenpi enextpoximiunoi eHepreTuku Ta ximii KuiBCBKOro HaIioHaJIBHOTO yHi-
BEPCUTETY TEXHOJIOTIH Ta JU3aifHy MPOBOAUTHCS PO3pOOKa OJHOIMIAPOBUX 1 bararomapo-
BUX HaHOKOMIIO3MTIB Ha OCHOBI BYIJICLEBMX MarepiaiiB, MOJIMEpIiB i HEOpraHiYHUX
PEUYOBHUH, 3[aTHUX 10 IHTEPKAJIOBAaHHS JIiTieM. 30KpeMa, 3alpOIOHOBaHI OHOBJICHI Me-
TOJM OCAJUKEHHS CIUIaBiB HAHOYACTMHOK Ha cTpyMoBiaBin JIIA. HanpausoBani opwri-
HAJIbHI METOJTUKHU ONTUMI3aIlil OJepKaHHs MaTepialliB, METOM OLIHKHA CTPYKTYpH KOM-
MIO3UTY, BU3HAUYCHHSI ONTHMAJILHOTO CKJIAJy KOMIIOHEHTIB. 3a pe3ylbTaTaMH HayKOBO-
JIOCIIHOT pOOOTH BJIAJIOCS JOCSTTH CTaOlIbHY BUCOKY €MHICTh HETaTUBHHX E€JICKTPOIIB
JIIA Ha piBHi noHan 1000 MA-Ton/r, o Maike BTPHUI NMEPEBHILYE MUTOMY €MHICTH
icHyroUHX TpadiToBux enekrpoxis. [lepeBaramMu 3amporOHOBAHIX KOMITO3HUTIB € TaKOXK
€KOHOMIYHO OiNbIN JOITBHI METOAU iX Ofep KaHHS, 30KpeMa — po3poOJIeHU TepMo-
BaKyyMHUH 1 MIa3MOXiMiuHI MeTOaM MOIU(iKyBaHHS BYTJICIICBHX MaTepialiB HaHOYAC-
THHKaMH CIUTaBiB Takux MeTanmiB sk Si, Sn, Sb, Al. Takox 3ampomoHOBaHI METOAH
MOXYTh OyTH BHKOPHCTaHi JJisi BUTOTOBJICHHS HAJITOHKHX €JIEKTPOIIB LUIIXOM HaHe-
CCHHS1 KOMITO3HTIB Ha NOBEPXHIO CTPYMOBIJIBOJY eleKTpoja. Po3pobiieHi i BUTOTOBIIEHI
naboparopHi npororunu JIIA i3 ofepkaHUX KOMIIO3UTHUX MaTepiajiB, sIKi oJepikaHi



Cexkyis 2. Ximiuna enepeemuxa ma mexniyHa e1eKmpoximis 383

HIUISIXOM MOJM(]IKyBaHHS 3pa3KiB rpadiTy HaHOYACTHHKAMM CIUIABIB TaKUX METAJIB SIK
Sn, Sb, Al Ta kpemHito. BcraHOBIEHO, IO NMpPU BUKOPHCTaHHI HOBUX KOMITO3MUTHHX
eNeKTPOAiB mHTOMa eHepris jabopatopHux mpoToTHumiB JIIA cranoButh 250-270
Brrom/kr, mo sk MiHiMyM Ha 20% mepeBHIye HalKpaIllli CBITOBI aHAJIOTH.

OmHUM i3 HAPSMKIB POOOTH € TOCTIIKEHHS MO0 3aCTOCYBAHHS PO3POOICHIX KOM-
MMO3UTHUX MaTepialiiB AJIsi CTBOPEHHS HOBITHIX TiOPUAHUX KOHIEHCATOPIB, IO MOEIHY-
I0Th BHCOKY eHeproeMHicts JIIA Ta MOTYXHICTb €JIEKTPOXIMIYHUX KOHJeHcaropiB. B
po06OTI po3pobIIeHi Ta AOCIKEHI HAITOHKI eJIEKTPOAHM, SIKi YCIIIIHO OYJIM 3aCTOCOBaHi
JUIsl CTBOPEHHS JIITIH-IOHHUX TiIOPUIHMX KOHJICHCATOPIB 3 MHUTOMOIO EHEPTi€l0 MOHa
20 Br-rog/kr, mo B 2—3 mepeBakaloTh SHEPril0 eNeKTPOXIMIYHUX KOHJIEHCATOPIB I0-
JBIFHOTO eNeKTpUYHOTro Imapy. Iloganbmmii po3BUTOK IIBOTO HAYKOBOTO HAIPSMKY TO-
JsIraB B po3poOlli HOBHX HMPOTOTHUIIB TiOPUAHUX €JIEKTPOXIMIYHUX KOHAEHCATOPIB Ha
OCHOBI KOMITO3UTIB BYTJICIICBHX MartepialliB i3 HAHOYACTHHKAMH KpeMHiro. BeneHHS
KPEMHII0 B HEraTHMBHUI €JEKTPOJ JiTil-IOHHOTO KOHAEHCATOpa MO3BOJISIE CTBOPUTH
3HAYHHH 3arac Mo €MHOCTI, III0 B CBOIO YEPTy JO3BOJIIE 3MEHIINTH Macy aKTHBHHUX pe-
YOBHH B EIIEKTPOXIMIYHOMY KOHZAeHcaTopi. llomepemHi pe3ynmbTaTH eNeKTPOXIMIYHHUX
JOCTI/KeHbp BKa3yIOTh Ha MOXJIUBICTh CTBOPEHHS CTaOiIbHHUX JITiH-iOHHMX KOHAEH-
caTopiB 3 muTOMOIO0 eHeprieio B 30 BT-Toa/kr, mo BTpUUi NMEpeBUINYE XapaKTEePUCTHKH
EJIEKTPOXIMIYHHUX KOHJICHCATOPIB Ha OCHOBI aKTHBOBAHOT'O BYT1ILIS.

[omanplie MOKpaIIeHHsT CHEPrOEMHOCTI JIITIEBUX JDKEPEN CTPYMY IOB’SI3aHO 3 PO3-
POOKOIO HOBUX €JIEKTPOXIMIUYHHMX CHCTEM. YTIPOJOBXK TPUBAJIOIO Yacy JOCHIPKEHb i
BJIOCKOHAJICHHS JITIEBUX PKEPENl CTPYMY 3alpOIOHOBAHO BEJIMKY KUIBKICTh HEOpraHiy-
HUX PEYOBHH, 3[JaTHUX JI0 IHTEPKAJIIOBAHHS JITIEM, @ caMe NPUIATHUX 10 BUKOPUCTAHHS
SK Mo3UTHBHOTO esiekTpoaa JIIA. He3Bakaroun Ha NMPUHIMIIOBY MOKJIMBICTH BUKOPHC-
TaHHS BEJIHKOI KITBKOCTI MaTepiajiB, caMe MO3UTHBHHUN E€ICKTPOl OOMEXKYE CHEpTreTHY-
HYy CIIPOMOJKHICTP JIITIEBOTO pKeperna B Iutomy. Ha maHuil 9ac muTomMa €MHICTH OiTb-
mocTi karogaux MatepiamiB st JIIA ckmagae no 200 A-ron/kr. ToMmy € mepcrieKTHBHIM
IOUIAX B po3poOIli eIEKTPOXIMIYHUX CHCTEM, IO IPYHTYETHCS HAa BHKOPHCTaHHI aTMO-
cthepHoro kucHro. [ mepeTBOpEeHHS XiMIYHOT eHeprii aTMOC(HEPHOTO KHCHIO B €JeK-
TPUYHY EHEPril0 10 TEepillHbOro Yacy 3BHYailHO BUKOPUCTOBYBAJIM KaTali3aTOpPHU Ha
OCHOBI fioporoiinanx metanis (Pt, Ag Ta iHuIi), 10 3BOAMJIO HAHIBElb NPaKTHYHI Ie-
peBaru KHCHIO SIK JIEIIEBOTO 1 JIOCTYITHOrO OKMCHIOBaua. HoBHM3HA pe3ynbTaTiB HalIMX
JIOCITI/KEHb TIOJIATae B PO3POOII JOCTYIMHUX 1 e()eKTHBHHUX KaTalli3aTOpiB BiIHOBJIECHHS
KHCHIO B HEBOJHUX CHCTEMaX, 30KpeMa — B 10HHUX piinHax. HayKoBUM KOJEKTHBOM
Kadenpy MpoBOANTHCS PO3poOKa repe3apsKyBaHUX MMOBITPSHO-JIITIEBUX JDKEPEN CTPY-
My 3 PEBOJIOIIITHO-BHCOKOI €HEproeMHiIcTIO ~500 BT'TO/KT Isi MOJANBIIOTO 3aCTO-
CYBaHHS B Cy4aCHHX aBTOHOMHUX E€HEPreTHYHUX YCTAaHOBKAX, B TOMY YHCIi Ha TpaHC-
mopti. [TpoBeneHi pyHIaMEHTATBHI TOCTIIKEHAS MaTepialliB epe3apsHKyBaHUX JiTiH-
noBiTpsHEX X/J[C Ha HaHO-PIBHI Ta IeTaTbHE AOCIIIKEHHS BIUIUBY Pi3HUX (akTOpiB Ha
€JIEKTPOBITHOBJICHHS KHUCHIO B alPOTOHHOMY €JIEKTPOJITI 3 METOI0 TOKPAIIUTH ITHTOMY
€Heprio Ha OIMHUI0 MacH i 00’eMy, MOTYXXHICTh Ta pecypc i€l ayke MepCIeKTUBHOL
eNeKTpoxiMiuHOi cucteMu. [lokpallieHHs BIaCTUBOCTEH KaToda OyJio JOCATHYTE 3a pa-
XYHOK ONTUMAaJBHOTO BUOOPY HAHOCTPYKTYPOBAaHHUX BHCOKOS(EKTUBHHX Ta CTAOLIBHUX
KaTajizaropiB. HOBi elekTpoakTUBHI MaTepiaiy AJIsl TAKUX JKepell eeKTPUYHOT eHeprii
Oynu OTpuUMaHi y BUIJISAI HaHOCTPYKTYPOBAaHHUX KOMIIO3HMTIB HEOPIraHIUYHHX CIIOIYK
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(30KpeMa, IOKCHly MaHT'aHy) 1 eJeKTPOIPOBITHUX MOJTIMEPIB, @ TAKOX IIIiHEJIEH THITY
AB,0,; (NiCo0,04, CoFe,O4, MnCo,04 Ta iH.) y €NeKTPOIPOBITHOMY MIKPOIIOPHCTOMY
ByTJeneBOMY Matepiaii. Takok B poOOTi po3poOIISIOTHCS TEOPETHYHI ITONOKEHHS 100
MIPOEKTYBaHHS MPOTOTHIIB Tepe3apsaKyBaHuX TiTii-noBitpstanx XJ[C, omiHkM ix Ha-
IIAHOCTI Ta peanizamii 3apsaa-po3psaHoro mukiry. IIposeneHi mabopaTopHi JOCTIHKEHHS
MOoKa3aiy, mo cTadbinpHi miTik-moBiTpsHI X [C MOXINBO CTBOPUTH NIPH YMOBI OpraHi3a-
i1 UPKYJISILIT eIeKTPOJITY 3 HOro HACHYCHHSIM OYHMIIEHUM KHCHEM. 3a PaxyHOK BHUKO-
pPHCTaHHSI Cy4acHHX METOJIB PO3PaXyHKY, KOHCTPYKTOPCHKUX PillleHb, TOCHIPKEHHS 1
3aCTOCYBaHHSI KOPO3IMHOCTIMKMX MarepiaiiB Jjisi CTPYMOBIZBOMIB €JIEKTPOMAIB Ta KOP-
IyCHHUX €JIEMEHTIB Tepe3apsKyBaHuX JIiTiH-noBiTpssHux XJ{C Baajocst JOCSATTH eHep-
TOEMHICTb TaKuX MPOTOTHIIB Ha piBHI 500 BT'ro/Kr Ta MOKpamnTH X MOTYKHICTS.

Ilooaxa. ABTOp CTaTTi BUCIIOBIIOE IIMPY BISYHICTH 32 Y4acThb 1 JOMOMOTY y BHKOHAHHI
poboTH cBOeMy HayKoOBOMY KOHCYJIbTaHTY mpod. B.3. Bapcykosy, a Takox mom. 1.C. MakeeBii,
nou. B.C. Teepnoxnioy, c.H.c. O.B. UepHu.

1. Zhang Q. et all. Nanomaterials for energy conversion and storage / Chem. Soc. Rev. —2013. —
Vol. 42. - P. 3127-3171.

2. Manzetti S., S. Manzetti, F. Mariasiu Electric vehicle battery technologies: From present state
to future systems // Renew. Sust. Energ. Rev. —2015. — Vol. 51. — P. 1004-1012.

3. Yao F., Yao F., Pham D. T., Lee Y. H. Carbon-Based Materials for Lithium-Ion Batteries,
Electrochemical Capacitors and Their Hybrid Devices / Chem. Sus. Chem. — 2015. — Vol. 8,
Is. 14. — P. 2284-2311.

Volodymyr Khomenko

MODERN COMPOSITION MATERIALS FOR HIGH ENERGY DENSITY OF LITHIUM POWER
SOURCES

Kyiv National University of Technologies and Design, Department of Electrochemical Power Engineering
and Chemistry, Nemyrovich-Danchenko Str., 2, 01011 Kyiv, Ukraine, e-mail: v.khomenko@i.ua

The scientific work is dedicated to the development of novel composition materials for Lithium primary
batteries. Lithium-ion batteries, Lithium-ion capacitors and Air-lithium batteries with a revolutionary high
energy density, which could found a further application in modern autonomous power sources for special
transports, like electric vehicles, hybrid vehicles etc. In this work novel composition materials have been
developed using accessible and environmentally friendly materials such as carbon-polymer composites, non-
platinum catalysts, such materials as Si, Sn, Sb, Al and their alloys, non-combustible electrolytes based on
ionic liquids. Thermovacuum and plasmochemical methods for the modification of carbon materials by nano-
particles have been improved. The results correspond to modern request for creation of innovative environ-
mentally friendly technologies in the production of high-energy power sources.
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EJIEKTPOXIMIYHI XAPAKTEPUCTHUKH Co;04, AK AHOAHOT'O
MATEPIAJIY JIUIS JITIA-IOHHUX TA HATPIA-IOHHUX AKYMYJIATOPIB
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OnHi€ro i3 aKTyaJbHHUX 3a/1a4 TEXHOJIOTIH TiTii-ioHHNX akymymsaropiB (JIIA) € pos-
poOka HOBHX OULTBHIT BHCOKOEMHHUX, HMOPIBHSHO 3 TpadiToM, aHOIHUX MaTepialis, II0
MOIjI0 O 3HAYHO MIiABUIIMTH CHEPreTHYHI XapaKTEPUCTHKH TAKUX JKEPeN CTPyMy.
[Ipobnema epeKTUBHOTO aHOAY € IIe OUTBII KPUTUYHOKO Y BHIIAAKY HATPiH-lOHHUX aKy-
myssitopiB (HIA), siki po3risiiatothest ik Halikpaiia anbrepHarusa JIIA i moteHIiiHO Mo-
KyTb OyTH HE MEHII e(pEeKTHBHUMH 3 TOYKH 30pY EKCIUTyaTalliiHUX XapaKTepHCTHK i, B
TOM e Yac, ACHICBIIUMH YepPe3 3HAUHO OUIBIINY PO3MOBCIOKEHICTh HATPIIO Y TPUPOIL.

Cepen 6aratbOX OKCHIIB mepexigqHux meraniB okcun kobansTy (Co;04) 3apexoMen-
IyBaB ceOe SK OJMH i3 HAWOUIBII MEPCICKTHBHUX BHCOKOEMHHX aHOJHHX MaTepiajiB
JIIA [1]. Uncnenni HaHOpO3MipHi Ta HaHOCTPYKTypoBaHi ¢popmu Co;04, a TaKOX HOTO
KOMIIO3UTH, 31¢OUTBIIOTO 3 PI3HAMH BYTJICIICBUMHU MaTepialaMi, JEMOHCTPYIOTh OUIBII
BHCOKI €JIeKTPOXIMIYHI XapaKTEePUCTHKH, IMOPIBHAHO 3 MACHBHHUMH MiKpOPO3MipHUMH
3pa3kaMH, i B 0araTboX BHIAJKaX JO3BOJIAIOTH OJCPIKYBATH OJIM3BKI 0 TEOPETHYHOTO
3HaueHHsA (890 MA-TOJ/T) MUTOMI €MHOCTI, SIKi 3aJMINAIOTHCS BITHOCHO CTaOUTBHUMHU
MIpY OUKIYBaHHI i MArOTh MPUHHATHY CTIMKICTH IO €KCIUIyaTamii 3a MiIBUIIEHUX I'YCTHH
CTPyMy.

Amnasoriyni gocmimkenas Co;0y4 sk anomHoro marepiany HIA cBimyats mpo #oro
3HAYHO TipIIi eJIeKTPOXiMIUHI XapaKTEPUCTHKH, SKi MPOSIBISIFOTHCS B MOPIBHSHO HU3bKIN
MUTOMIH €MHOCTI (B CepeHbOMY BJBIYl MEHIIIH HDXK 3 JiTieM) Ta ii MIBUIKOMY 3HU-
JKEeHHI ITpU LUKITyBaHHi [2].

VY miii poboTi NpOBEAEHO MOPIBHSHHS EIEKTPOXIMIYHMX XapaKTEPUCTHK HAHOPO3-
mipHoro Co;0; sik anoHOTO MaTepiany it JIIA Ta HIA.

Co0304 13 cepenHiMu po3mipamMu 4acTHHOK ~30 HM OyB CHHTE30BaHMH MiKPOXBHIIBO-
BHAM ITUTPATHUM MeTOAOM. MIKpOXBHIBOBHI CHOCIO HarpiBaHHS OyB 3aCTOCOBAHWH Ha
CTalisAX CHHTE3y IPEKypcopy Ta HOro IMOJANBIIOTO MipoJi3y, INCIS YOro MaTepian
BignamoBanu 3a Temieparypu 400°C BrpomoBx 4 ro.

Enextpoximiuni mocmimkeHHs Co;0, Oynu mpoBeAeHi y HamiBelIeMeHTaX IHUCKOBOI
KOHCTpyKLii radaputy 2016 3 MeTaJliYHUM JIITIEBUM 200 HATPIEBUM MPOTHUEIEKTPOIOM.
PoGounii enextpox ckiamascs 3 aktuBHOro Matepiany (Co;Oy4), €1eKTpOIpoBiaHOI 10-
OaBku (kapOoHi30BaHOI caxi) Ta crmonyunuka ®42J] 3a MacoBOro CriBBiIHONICHHS
5:4: 1. Sk enexrpomniti Oynu Bukopuctani 1 M po3unH Oic(TpudTopmeraH)cyabpoH-
imipy mitito (LiN(CF;S0,),) B cyminii po3dnHHUKIB TOpeTHIICeHKapOOHaTy Ta TUMETHII-
kapOoHary (3:7 3a Macoro) AJIsl TOCHi/PKEHb 3 JTiTieM Ta 1 M po3uuH nepxjopaTy HaTpito
(NaClOy) B cymimri po3uMHHHUKIB €THIEHKapOoOHaTy Ta nuMmeTrmikapoonary (1:1 3a 06’e-
MOM) Al JOCHiKeHb 3 HarpieM. CTpyMH IUKIYBaHHS PO3PaxOBYBAIH i3 CIIiBBif-
HomreHHs 1C — 890 MA/T.
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Puc. 1. 3apsa-po3psiaHi KpUBI MEPIINX JBOX NUKIIB IS eIeKTpoiB Ha 0cHOBI Co304
y HariBeJIeMeHTax 3 JIiTieM (@) Ta HaTpieM (6)
Fig. 1. Charge-discharge curves of initial two cycles for Co;0, electrodes
in lithium (@) and sodium (b) half-cells

Ha puc. 1 HaBeneHi po3psin-3apsaHi KpUBi MEPIIOro Ta APYroro LUKIIB AJISL €JeK-
TpoxiB Ha ocHOBI C03;04. Sk BHIHO, JUIT CHCTEM 3 JIITIEM Ta HATPIEM BOHU 3HAYHO
BiJIPI3HSIOTHCS 32 HAIPYTOIO PO3PSITy-3apsLy Ta MTUTOMOIO EMHICTIO. Y BUIAIKY 3 JIITIEM
OCHOBHOMY KaTOZHOMY IIpOIlecy BiAIOBigae miato 3a Hanpyru 1—1,2 B, a 3BopoTHa pe-
aKIis BiZOYBA€ThCSA y BCHOMY Jiama3oHi HAMPYT 3 OJHIEI0 YiTKO BHPAKEHOIO IDIOIIAN-
koto mipu 2-2,2 B. Y cucteMi 3 HaTpi€eBUM IPOTHEIEKTPOIOM OCHOBHE PO3PSAIHE IJIATO
3HaXOUThCs 3a Hanpyru Hikue 0,15 B, a 3BopoTHHIT mpolec BinOyBaeTbcs B 00nacTi
Hanpyr 0,7-1,7 B, mo cBi4uTh PO 3HAUHI KIHETUYHI OOMEXEHHS TIPOLeCy BiIHOBJICH-
Hs. He quBnsumchk Ha i BIAMIHHOCTI, B 000X BHUMajKax ejaekTpoximiuna peakiis Co30,
SK JJISl CUCTEMHM 3 JITIEM, TaK 1 JUIi CHCTEMH 3 HaTpieM MoXe OyTH omnMcaHa OJHUM
3arajbHUM PIBHSIHHAM

Co30, + 8M" + 8¢ «> 3Co + 4M,0,

ne M — Li abo Na. Po3psiiHa eMHICTh, OTpHMaHa B JITI€BIH cucTeMi, € HabaraTto BUIIOKO
i cranoBuTh 1680 MA TOA/T, TOJI SIK 3 HATpieEM - BCbOro 654 MA -ron/r. BinmoinHi 3Ha-
YeHHsI 3apsAAHOT EMHOCTI CTaHOBIATH 994 1 229 MA -ToA/T, IO €KBIBAJICHTHO KYJIOHIBCh-
kil eexTuBHOCTI 64 % 1 35 %. Taki naHi BKa3yroThb Ha 3HAYHO HIDKYY €JIEKTPOXIMIUHY
akTuBHICTh C0304 B HaTpieBil cHUCTEMI Ta HU3bKY 3BOPOTHICTD €JIEKTPOXIMIYHOI peakii
B IILIOMY.

lNanpBaHOCTATHYHI MOCHTIDKEHHS, PE3yJIbTAaTH SIKMX NPEACTaBICHI Ha puc. 2, a, Je-
MOHCTpPYIOTh, 0 y mapi 3 jitiem Co;0,4 Mae BHCOKY CTaOUIBHICTE IMUTOMOI €MHOCTI.
[Ticng mopiBHAHO MIBUAKOTO 3HIKCHHS HA MEPUINX IUKIAaX nuTomMa eMHicTh Co;04 cTa-
Oimizyetbes 1 Ha 50-My IUKITi CTaHOBHUTE 852 MA To4/T 3a mukiryBanHsa cTpymoMm 0,5C. YV
Bunaaky nukiayBaHHsS Co;O4 B HaTpieBiil cucremi (puc. 2, 6), mutoma eMHICTh C0304
HIBUKO 3HMUXKYEThCS MPAKTUYHO JIO0 HYJISl, HABITh HOIPH 3MEHIICHHS CTPYMOBOI'O Ha-
BaHTaKeHHsI OibiT Hixk BaBivi (Big 0,2C o 0,08C).

OTpuMaHi pe3ysbTaTd eNeKTPOXIMIYHUX JOCIIIKEHb JAEMOHCTPYIOTh MEPCIEKTHB-
HICTB 3acTocyBaHHsI HaHOpo3MipHOro Co3;04 sk aHoxHOrOo Marepiany JIIA Ta HasBHICTH
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Puc. 2. 3mina mutomoi emHocti Co;0, Bix HOMepa UKy IIPH TAIFBAHOCTATHYHOMY IIMKITyBaHHI
y HariBeJIeMeHTax 3 JITieM (@) Ta HaTpieM (6)

Fig. 2. Cycling characteristics of Co;0y in the lithium («) and sodium (6) half-cells

3HaYHUX OOMEXEHb U1 MOTO BUKOPHCTAHHI B HATpieBil cuctemi. B Toif ke wac, mo-
JTANbIIa ONTHMi3alis cTpyKTypu Ta Mopdororii Co;0y4, a TakoX miadip ONTUMATBHUX
napaMeTpiB BUTOTOBJICHHS €NIEKTPOJIB Ta CKIAAY €JIEKTPOJITY MOXKYTh CHPHUATH OTPHU-
MaHHIO OUTBII BUCOKUX €IEKTPOXiMIYHMX XapakTepucTuk Co;0y4 3 HATpiEM.

1. Shmatok Yu.V., Globa N.I, Kirillov S.A. Microwave-assisted citric acid aided synthesis and
electrochemical performance of nanosized Co;0, // Electrochim. Acta. — 2017. — Vol. 245. —

P. 88-98.
2. Wen J.-W., Zhang D.-W., Zang Y. et al. Li and Na storage behavior of bowl-like hollow Co;04

microspheres as an anode material for lithium-ion and sodium-ion batteries // Electrochim.
Acta. —2014. - Vol. 132. - P. 193-199.

Yurii Shmatok, Nataliy Globa, Sviatoslav Kirillov

ELECTROCHEMICAL CHARACTERISTICS OF Co03;04 AS ANODE MATERIAL
FOR LITHIUM-ION AND SODIUM-ION BATTERIES

Joint Department of Electrochemical Energy Systems NAS of Ukraine,
Vernadsky Ave., 384, 03680 Kyiv, Ukraine, e-mail: yu.shmatok@gmail.com

Co30; synthesized via microwave-assisted citric acid aided method is investigated as anode material for
lithium-ion and sodium-ion batteries. It is shown that Co;04 in the lithium system has high electrochemical
activity and stable specific capacity, which is 852 mA-h/g after 50 cycles at the current load of 0.5C. The
electrochemical characteristics of Co;O4 in the sodium cells are very low and characterized by fast decrease of
specific capacity upon cycling.

Key words: Co;0s, lithium-ion batteries, sodium-ion batteries
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EJEKTPOXIMIYHI I EMHICHI XAPAKTEPUCTHUKH EJEKTPO/JAIB HA
OCHOBI Ni(OH), 3AJIEJKHO BIJT iX CTPYKTYPH TA CKJIALY

Incmumym npobnem mamepianosnascmea imeni I.M. @panyesuva HAH Yrpainu
8yn. Kporcuorcanoscoroeo 3, 03142, Kuig-142, Yxpiina, e-mail: dimapatlun@gmail.com

Bucoka edextuBHicTh poboTH Ni-MH akymyisitopa BU3Ha4a€ThCsl HE TUTBKH po0o-
Toro MH-aHozy, ane TakoX i XapakTepUCTUKAMH HIKEIbOKCHIAHOTO elIeKTpoxy. OCKisb-
KM OCTaHHIA Mae HIKJIy NOpiBHSHO 3 MH enekTpogoM MUTOMY EJIeKTPOXHMIYHY €M-
HICTh, aKTYaJIbHUM € TUTAHHA ii IMiIBUIIEHHS MIIIXOM PO3POOKH HOBUX TEXHOJOTIH OT-
pumanHs Tigpokcuny Hikemro (I'H) 1 BBexenHs nomimtok. OGHUM 3 IEPCHIEKTUBHUX IS~
XIB TIPENCTABISETbCS 30UIBIICHHST B €JIEKTPOAI BMICTy akTHBHOro KommoneHta (I'H)
LIJISIXOM 3HIDKEHHS! BMICTY CTPYMOITPOBIIHUX ByTJieneBux aomimok (16-20 mac.%), Bu-
KOPHUCTOBYIOUM CydYacHi BYIJICHICBI MaTepiaiii, Taki sSK HAaHOCaXi, HAHOTPYOKH 1 iX
KOMITO3HILI.

Memoro pooomu Oyino BUBUCHHS BIUIMBY KUIBKOCTI 1 THITy CTPYMOIIPOBIIHOI ByTJIe-
LIeBOI KOMITOHEHTH Ha eJIeKTPOXIMIYHy IOBEIIHKY B 00JacTi HMOTEHLIaiB 3apsay/po3-
pAmy 1 eNeKTPOXIMIYHY €MHICTh eNeKTponiB 3 ['H, BUTOTOBICHOTO 3 BUKOPHUCTAHHSIM
PI3HUX TEXHOJIOTIH.

06’ekmu 0ocnioxncenna: enexTpoau 3 mopomkiB 2-x moaudikaniit I'H 3 gogatkom
pi3HOi KINBKOCTI 1 THIy BYIVIEHEBHMX KOMIIOHEHTIB. ByJ0 BHKOPHCTAaHO ITOPOIIOK
B-Ni(OH), (a=3,12 A; c=4,6 A), urorosnenuii mis akymynstopuux Gatapeit (6751,
Canada) 3 po3mipamu gactok <40 mxm (I'H,), a Takox crnemiabHO OTPUMAaHUN XiMid-
HUM cuHTe30M mo [1] mpi6HokpucTaniynmii nopomok a-Ni(OH), (a=3,12 A; ¢=7,5 A)
(THeyr)- AKTHBHA Maca eNeKTPOMIB IS €IEKTPOXIMIUHHUX JOCIHiIKeHb MicThia Big 81
10 96 mac.% Ni(OH),, Bix 1 1o 16 mac.% eneKTponpoBiTHUX JOMILIOK (CaX MapKH
KS-5, PureBlack 205 (PB 205); 6araToctinHi Byriienesi HaHOTpyOku (miametp 100-150
M) (HTp)) ta 3 mac.% IITOE (1o cyxiii peuoBuHi).

Memoou oocnioscennn. Enexmpoximiuni: TOTCHIIOAWHAMIYHUA Ta TalbBaHOCTA-
TUYHUH METOJM, METOJI IPHIIBHLICHOTO IMITYJIbCHOTO po3psny [2]; dhizuuni: peHTreHo-
(a3oBwmii aHATI3, CKaHyIOYa SIEKTPOHHA MIKpOCKOIIis. ElekTpoxiMiuHi XapakTepuCTUKA
€JIEKTPOIB JOCITIKYBAIX B TPHUEIEKTPOAHIN KoMipii 3 Pt mpoTuenexkTpomom i pryTHO-
OKCHIHUM enekTpozoM nopiBHAHHS B 30 % po3umni KOH. ¥V nocmimkeHHSIX BUKO puC-
TOBYBaJM ToTeHIiocTaTr-ranbBanoctaT PGSTAT4-16 ta cranmiro tecryBanas BT2000
kommaHii Arbin Instruments.

Pezynvmamu oocnioncenns. s 3abe3neuenns B nosutusHomy ['H enextpoxi mpo-
BIZIHOCTI Jy’K€ Ba)XJIUBHM € CTBOPEHHsI B HbOMY IIPOBIJIHOI CITKH 13 CTaOIJIbBHUMH €JIeK-
TPOXIMIYHMMH BIIACTUBOCTSIMH, SIKa, MPAIIOIOYM  KOJEKTOPOM MIKpPOCTPYMIB, MOXKe
3MEHIINTH ONIp MEepeHeceHHs 3apsay. BHCYHYTO NpHITYIIEHHS NMPO MOAaNbIIe 3011b-
IIEHHs NPOBigHOCTI akTUBHOI Mack ['H nuisixom BBelEHHS B €1E€KTPOJ KOMIO3UIIT Ha-
HOTPYOOK 1 HaHOpO3MipHOT caxi J{ns mocmimkeHHs Oyio B3aTo kommo3umii HTp ta cax
KS-5, PB 205 B HacTymHuX croiBBigHOMIEHSX: 3:5, 5:3 BiNMOBIIHO, BMICT KOMITO3HIII] —
8 mac.%.
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Tadmuus 1. Enexrpoximiuni XapakTepUCTHKH, OTprMaHi Ha enekTponax i3 Ni(OH),
3 IOJIaBaHHSM €JIEKTPOIPOBITHUX JOMILIOK Pi3HOTO CKIIaay

Table 1. Electrochemical characteristics obtained on electrodes with Ni(OH),
with the addition of electroconductive impurities of various composition

Tun ta BmMicT €MHICTb aKTUBHO{ PEYOBHHH KoeoimieHnT BUKOpHCTaHHS
CJICKTPOIPOBITHUX TOMIIIIOK (I'H), MAroa/r AaKTUBHOI MacH, %
(% mac.) B-Ni(OH), o-Ni(OH), B-Ni(OH), o-Ni(OH),
[TpomucCIIOBHIA ENEKTPOT 191,87 - 66,39 -
16% FS-5 171,85 208,71 59,46 72,22
16% PureBlack 205 182,66 188,64 63,20 65,27
3:5 211,72 195,53 73,26 67,66
% - HTp:PB2 > > 2 2
8% P 05 5:3 186,67 168,10 64,59 58,17
3:5 193,58 201,00 66,98 69,55
8% - HTp:FS-5 2 2 2 2
o P 5:3 180,61 216,78 62,49 75,01

Bcranosneno, oo BBeaeHHs 16 Mac.% moboro tumy caxi B enekrpox 3 o-Ni(OH),
JTa€ Kpalli pe3ymbTaTd sK 10 KiHETHIIi, TAKOX IO €MHOCTI (OuB. Tabmuiro). BogHouac
BHSBJICHO, 110, BBeAeHHA B [ H,, Byrmenesoro xommosury (HTP+caxa), B skomy HaHO-
caxkxa PB 205 3aminena Ha Oinpiry mo po3Mmipy caxy FS-5 (6 5 MKM), IpU3BOIUTE 110
3MEHILICHHS PO3PSIHOI €MHOCTI €JIEKTPOJIB MPH OJHOYACHOMY IOTIPIICHHIO CTa0LIb-
HOCTI TIpoIIeCy po3psidy, HezanexxHo Bin cmiBBimHomeHHs (HTP:caxa) y koMmmo3uri.
Hasmnaku, caxxa FS-5 y cknani enexkTponpoBiiHUX CyMillleil OKpallye XapaKTepUCTHKA
CUHTE30BaHOTO 0-Ni(OH),.

BcraHoBneHO, M0 eneKTpoXimiuHa mosspusauis npu po3psami enekrpona 3 I'Hey
3HAYHO MCHINA, HiXK Ha enekTpoi 3 ['Hy,. 3 orpumanux [IBA kpuUBUX TaKOX CIiIYE, IO
Ha enekTponax 3 ['He,, SK Mpomecu OKMCHEHHS, TaK 1 BiIHOBJIEHHS MPOTIKAIOTH 31 3HAY-
HO BUIIUMH MIBHIKOCTAMH, HK Ha enektponi 3 ['H,,. Anamiz otpumannx [IBA xpuBnx
TTO3BOJISIE TIPUITYCTHUTH, IO BIUIMB CaXi, IO BBOAWTHCS, HAWIMOBIpHIIIe, MOB'SI3aHUN 3
BignoBigHIcTIO ii MOpdotorii i BuKopucTarux nopomkis I'H. BpaxoByroun, mo po3psa-
HUIl TpoIec 3aJlie)XKUTh BiJl IDIOMII KOHTAaKTy MK EJEKTPONPOBITHOK IOMIIIKOIO,
AKTHBHOIO PEYOBHHOIO 1 EJIEKTPOJITOM, BiINOBIAHICTH (hopmu 1 po3mipiB nopoiukiB ['Hy,
i caxxi PureBlack 205, Ta 'Hy,, 1 caxi FS-5, 103BoiuTh OTpUMaTH OLTBII IIUTBHI CYMIIIH
I'H—cTpy™MorpoBiiHa JOMIIIKa i HOMNIMIIUTH EMHICTB €JIEKTPOY.

Ha Tonkux enextponax (100 MKM) 3 BUKOPHUCTAaHHS METOJY IPUIIBUALICHOTO iM.-
MYJBCHOTO po3psily OyJI0 BCTAHOBIJIEHO, IO KOe(il[ieHT BUKOPUCTAHHS aKTHMBHOI Macu
(K) enexkrponoB 3 I'Hyyr (+16% PureBlack 205) 3HauHO BHIIMH, HDK IS €IIEKTPOMIB 3
I'H,. 3 Takoro ke mobaBkoro (puc. 1)

Kpami moka3HWKH KiHETHKH 1 Koe(illi€eHTy BHKOPHCTAHHs, BUSABJICHI Ha TOHKHUX
enextpogax 3 I'Heyyr, MaOyTh, OB sI3aHI 3 THM, IO BiH Ma€ MEHIIY CTYIiHb KpHCTa-
JYHOCTI, HiXX mpomuciaoBuit 'Hy, a oT)kKe Mae GBI BHCOKY CTPYKTYPHY aKTHBHICTb.
Kpim Toro, BpaxoByroun Toi (pakT, 0 MEPeHECEHHsS MPOTOHIB B CTPYKTYpi aKTHBHOL
PEYOBHHHU BiOYBa€ThCS MO MIKIIAPOBUX JIAHIIOXKKaX BoaW, a I'H,y,, HAa BiAMIiHY Big
I'H,, B CBOI#i CTPYKTYPI MICTUTh MIXKIIIAPOBY BOJY, IIBH/IKICTh IEPEHECEHHSI TPOTOHIB B
JITAHOMY €JIEKTPOJli OyJie TaK0X BHUILOIO.
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Bucnoexku. 3HWKEHHS BMICTY CTPYMOIIPOBITHOI JOMIIIKHM YIBI4i NPH BBEICHHI B
enekrponu Ni(OH), piznix momudikamiii ByrineneBux kommnosutiB(HTP+caxa), mos's-
3aHO 3 MiABUINEHHSIM MPOBIAHOCTI €IEKTPOAY 3a paXyHOK CTBOPEHHS TPUPIBHEBOI CHC-
TeMH npoBinHocTi. Kparni moka3HuKH KiHETHKH, EMHOCT] Ta KOe(illi€eHTy BUKOPUCTAHHS
aKTUBHOU MacH, BUsIBIICHI Ha eylekTpoaax 3 ['Hyy,, 3 1006aBkot0 cymimi (HTp:FS-5)=(5:3).

1. Jayashree R.S., Kamath V. P., Subbanna G.N. The effect of crystalline on reversible discharge
capacity of nickel hydroxide // J. Electrochem. Soc. — 2000. — Vol. 147, No 6. — P. 2029-2033.
2. Kamxko B.A. MeToJ yCKOpEHHOTO MMITYJIbcHOTO pa3psna aist oueHkn Ni(OH), kak amekrpon-

HOI0 MaTepuaja ILIEJIOYHBIX aKKyMYyJIATOpPOB. JIMC. HA COUCK. CT. K.T.H. — JIHEIpONEeTPOBCK,
2009. -130c.

Larisa Shcherbakova, Dmytro Kravctuk,Yuriy Solonin

ELECTROCHEMICAL AND CAPACITY CHARACTERISTICS OF THE ELECTRODES
BASED ON NI(OH), IN DEPENDENCE FROM THEIR STRUCTURITE AND COMPOSITION

Institute for problem of Materials Science, National Academy of Sciences of Ukraine,
Krzhizhanovsky Str., 3, 03142 Kiyv, Ukraine, e-mail: larisa_c@ukr.net

It is shown that the introduction of 8% carbon composite (CNT + soot), with the ratio of components in
the composites (3: 5) and (5: 3), respectively, allows us to preserve the kinetics of the electrode processes of
oxidation-reduction and the electrochemical capacity of electrodes Ni(OH), not worse than when introducing
16% soot. It has been established that the synthesized o-Ni (OH) 2, which differs from the structure and degree
of defect from GNac, shows the best kinetics, capacity and the coefficient of active mass use, regardless of the
type of soot and composition of the composite (CNT + soot), which is more likely to be It is connected with its
lower degree of crystallinity and the presence in the structure of interlayer water

Key words: capacity, carbon composites, nickel hydroxide, conductivi
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EJIEKTPOXIMIYHI XAPAKTEPUCTUKHU MOJAU®IKOBAHUX AMOP®HUX
CIIJIABIB Fe-Me-(Si)B Y BOOJHUX PO3YNHAX 3 PI3HUM pH
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Awmopdai mMetanesi crutaBu (AMC) — ocobnmBuil Ki1ac Mpenu3iiHIX MaTepiatis, SKi
BIJIPI3HAIOTECS BiJl KPHCTATIYHUX aHAJOTIB CTPYKTYPOIO, CIIOCOOOM OnepKaHHS, 00-
JACTIO iICHYBaHHS Ha TEMIIePaTypo-4acoBiii miarpami Ta cBOiMH (pi3MKO-XiMiYHIMH BiIac-
tuBocTsMH [1]. [octiitHO 3pocTae iHTEpec K0 aMOppHUX METaJeBUX CIDIaBiB HA OCHOBI
3aji3a, HIKeIo Ta KoOalIbTy, SKi BOJIOMIIOTh KPAIIUMH MAarHITHUMHU BIACTHBOCTSMH II0-
PIBHSHO 3 IHIIUMHE CIIaBaMH. TakoK iXHBOIO BAXKIUBOIO XapaKTEPUCTHKOIO € ITiBHUIIC-
Ha KOpO3iiiHa TPUBKICTh Y BOJHHUX PO3UMHAX pi3HOro ckiaay [2]. YV amopdHuX crutaBax
BIZICYTHI MeXIi 3epeH, JiHiIHHI feeKTn THITy TUCIOKallii i KpucTanorpadiuyHa aHi30Tpo-
Iis, HITUMH CJIOBaMH, BHCOKOJOKAaTi30BaHI OOJIACTI 3 HA/UIMIIKOBOIO cHepriero. Ili
0co0IMBOCTI 3a0€3MeUyIOTh YHIKaIBHICTh KOPO3IHHOT W eJIeKTPOXIMIYHOI MOBEIIHKH
amop¢Hux cruaBiB. B3aemonis Fe 3 BOJHHMU pO3YMHAMU BiOYBA€THCS Yepe3 YTBOPCH-
HS TIOBEPXHEBUX TiIPOKCHIIB [3]:

Fe + H,0 — [FeOH],,. + H" + &,
SIKi BCTYTIAIOTh B NAJBIII IEPETBOPEHHS Ta 10HI3YIOTHCS:
[FeOH] s <> [FeOH e + e,

FeOH' + H" — Fe*" + H,0;
Fe’" > Fe' '+ ¢.
XapakTep YTBOPECHHX IMpPOIYKTIB 3aJieKaTh BiJl CKJIAJy BOJIHOTO PO3YHHY, B SIKOMY
3HAXOJUTHCS 3ATI3HUH CILIaB.

EnexkTpoxiMiuHi AOCHTIIKEHHS CTPIYKOBHX 3pa3KiB aMOp(HUX METaleBHUX CIUIaBiB
Fes5.5sNi; )Moy 5S160B140, FesaNb,B14Gd, (BUroToBieHi i mepenani it OCTIHKEHHS 3
Inctutyty meranodizuku HAH Ykpaian, M. KuiB) i3 po3pi3HEeHHSIM KOHTaKTHOI Ta 30B-
HIIIHBOT MOBEPXOHb MPOBEACHI METOIOM IUKIIUHOI BojsTamiepometpii (Jaissle Poten-
tiostat/Galvanostat IMP 88PC-R) B ymoBax 1MKJIiYHOro ckanyBaHHs (mBHAKICTH 10, 20
ta 50 MB/c) 30BHINIHBOrO MOTEHLANY 3 BUKOPUCTAHHIM TpUENeKTpoaHoi cxemu. [lo-
Tenuian (Eyp) Ta cTpyM (ixop.) KOPO3ii BU3HAUANM 3 MOAPU3ALIMHUX KPUBHUX IS KOXK-
Horo nukiy. Moaudikaniro AMC 3MiHHUM MarHiTHUM I10JI€M 31HCHIOBAJIM BUTPHMY-
BaHHSM Y 3MiHHOMY MarHiTHoMY 1touti (3MIT) wacrororo 50 ' TpuBaiictio 3 rox.

3a pesymbraTamMu enekTpoximiuHux npocmipkeHb AMC  FesgsNij ¢Mog sSi B4 0
(tabm. 1) y 0,05 1 BogHOMY po3unHi H,SO,4 METOIOM IIUKITIYHOI BOTBTAMIIEPOMETPIi B
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Tab6umus 1. Enexrpoximiuni mapamerpu koposii crpiukua AMC Feqg sNij ¢Mog sSis 0B14, 3a5mexkHO
BiJl KITbKOCTi UMKJIiB CKAHYBaHHS IOTEHIIATY (Vpesr =10 MB/c) y 0,05 1 BogHoMy pozunni H,SO,4
Table 1. Elctrochemical parameters of corrosion of the amorphous metallic tape
Fesg 5Ni; )Moy 5Si60B14, in dependence of potential scanning cycles (v =10 MB/c)
in 0,05 N H,SO,4 aqueous solution

Ne KTy v MBlc KonrtakTHa noBepxHs 30BHIIIHS TOBEPXHS
3 posr —Eyop, B io 10>, Alem® | —Eyop, B i 10°, Alom’
1 0.48 3.59 0.49 23.63
5 10 0.40 34.67 0.40 22.03
10 0.39 134.59 0.39 29.05
1 0.49 2.17 0.59 60.10
5 20 0.41 66.39 0.41 53.35
10 0.40 43.76 0.40 59.46
1 0.47 8.78 0.50 20.54
5 50 0.42 31.15 0.42 28.27
10 0.41 22.88 0.41 64.03

yMOBax HNPUMYyCOBOTO CKaHyBaHHsS MoTeHUiany B iHTepBami (-1,5 — 0,5) B Hesa-
JISKHO BiJ| MIBUAKOCTI PO3TOPTKU MOTEHIIANY AJIsi 000X MOBEPXOHb CTPIYKH IPOCTEXKY-
€THCS 3CYB 3HAa4€Hb MTOTEHLIAIIB KOPO3il B aHOAHUH OiK Ta JesKe 301IbIIECHHS CTPYMiB
KOpO3ii B OCHOBHOMY KOHTAKTHOI IIOBEpPXHi.

Ha ocHoBi ananoriunux mociimkerb AMC Feg,Nb,B4,Gd, y 0,05 H BogHOMY pO3-
gnHi HySO, BCTaHOBIICHO BiM’€MHIMNI 3HAYEHHS MOTEHIIATIB KOPO3ii Ta iX He3HAYHUHA
3CYB Y aHOIOHHU OiK Ta 3HMKCHHS CTPYMIB KOpO3ii B yMOBaX IMKIIYHOI BOJIBTAMIIEPO-
MeTpii (puc. 1).

MarHiTHi 1O, B SIKUX BUKOPUCTOBYIOTHCS aMOp¢Hi (pepoMarHeTHKH Ha OCHOBI
3aJTi3a, BUKIMKAIOTh HECTAOIIBHICTh IXHIX MarHiTHUX, MEXaHIYHUX Ta €IEKTPOXIMIYHHUX
BJIACTUBOCTEH, MOB'SA3aHUX 3 MPOTIKAHHAM 3BOPOTHHX i HE3BOPOTHHUX IIPOLECIB CTPYK-
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Puc. 1. 3mina norenuianip koposii E,, KoHTakTHOTO () Ta 30BHIMHLOTO (6) O0KiB cTpiukn AMC
Feg,Nb,B14Gd, npu pizHEX mBHAKOCTIX po3ropTku notenuiary 0,05 v BoqHOMy po3unni H,SO4

Fig. 2. Change of corrosion potential E.,,, of contact (a) and external (b) sides of the amorphous
metallic tape FegyNb,B4Gd, at different rates of scanning potential in 0,05 N H,SO, aqueous
solution
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Ta6muus 2. Enexrpoximivni mapamerpu koposii ctpiuku AMC Feg,Nb,B,Gd, (BuxigHoro 3pa3ka
Ta nomnepeHs0 BuTpuManoro y 3MII npotsarom 3 rogun) y 0,05 1 BogrOMy po3unni H,SOy
3aJIe)KHO BiJ] KUIBKOCTI UKJIIB CKaHyBaHH noTeHniany (v = 20 MB/c)

Table 2. Electrochemical parameters of corrosion of the amorphous metallic tape FegNb,B4Gd,
(for initial samples and previous kept in alternating magnetic field during 3 hours)
in 0,05 N H,SO, aqueous solution in dependence of potential scanning cycles (v = 10 mB/c)

o Buxinnuii 3pa3ok Burpumanuii y 3MII 3 rog
| KontakrHa nmoBepxHs | 3oBHiuHs noBepxHs | KonTakTHa moBepxHs | 30BHILIHS TOBEPXHS
He irop 107, ivop 10, irop 10, ivop' 10,
| Buop B Alem’ “Brop, B Alem® “Eop, B Alem® “Brop, B Alem®
1 0.56 14.38 0.56 27.18 0.45 16.01 0.51 29.75
0.52 59.83 0.52 37.59 0.54 39.85 0.53 32.75
10 0.55 6.05 0.53 6.75 0.56 10.00 0.54 26.87

TypHOi penakcarii. 3a pesynpratamu nocuimkeHas AMC FegNb,B4Gd, (Tabm. 2) micns
Momudikarii y 3MII BcTaHOBIEHO 3CyB MOTEHIIANIB Yy aHOOHHN OiK Ta 3HIDKCHHS
CTPyMiB KOPO3ii, TOOTO MigBUIIEHH KOPO3iHHOI TPUBKOCTI.

1. Cmapooyoyes IO.H., Benozepos B.Al. Amopduble Mmeramnmyeckue martepuaisl // CunoBas
anektponuka. — 2009. — Ne 2. — C. 86-89.

2. Maxneyos B.I'. D1eKTpOXUMHYIECKHE CBOHCTBA HAHOCTPYKTYpP Ha OCHOBE Kelle3a IPU KUCIOT-
HOH Koppo3uu // Bectauk Y amypr. yH-Ta. @usuka. Xumus. —2011. — Beim. 2. — C. 30-42.

3. Axmemos H.C. O0masi ¥ HeopraHmdeckas XUMHs. 3-¢ u3l., ucrp. — M.: Beicur. mik., U3n.
uentp "Axkanemus'", 2001. — 743 c.

Oksana Hertsyk' | Tetiana Pereverzeva', Myroslava Kovbuz', Olga Yezerska’,
Sophiia Shurko', Nadiia Sen'kiv’

ELECTROCHEMICAL CHARACTERISTICS OF THE MODIFIED AMORPHOUS ALLOYS
Fe-Me-(Si)B IN AQUEOUS SOLUTIONS WITH DIFFERENT pH

'Ivan Franko National University of Lviv, Department of Physical and Colloid Chemistry,
Kyryla i Mefodiya Str., 6, 79005 Lviv, Ukraine, e-mail: o_hertsyk@yahoo.com

‘Fraunhofer Institute for Manufacturing Technology and Advanced Materials, Department of Adhesive
Bonding Technology and Surfaces, Wiener Str., 12, 28359 Bremen, Germany,
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It was investigated corrosion resistance of the modified by alternating magnetic field amorphous metallic
alloys Fe-Me-(Si)B in acidic environment of the 0,05 N H,SO, aqueous solution. For modified Fes;,Nb,B14Gd,
sample a potential shiftes in the anodic side and corrosion currents are decrease, that’s why we can promote
better corrosion resistance of doped by rare earth element tape in acids after such magnetic influence.

Key words: electrochemical corrosion, amorphous alloys based on Fe, acidic environment
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AmopdHi crutaBu Ha ocHoBi Fe 3 nonatkamu 14 at. % B Ta 2 ar. % Nb € kopo3iitHo
TPUBKUMH B arpecMBHUX CEpelOBHIIax. Brcoka MIIHICTh y MOE€THAHHI 3 KOPO3iiHOO
CTIMKICTIO JIO3BOJISIIOTH BUKOPHCTOBYBATH Taki aMOp(QHI CIUIaBH SK KOHCTPYKLilHI Ma-
tepiamu [1]. s ocobnuBicTs aMOp(HHUX METAJICBUX MAaTEpialiB MOPsL 3 KaTATITHIHOIO
AKTHBHICTIO B IIPOLEC] EJIEKTPOJIi3y BOJM € MiACTaBOIO JUII BUKOPUCTAHHS iX B KATOZHUX
peakwisaX BUIUICHHS BOIHIO.

ToMy OIHHMM 3 IEPIIOYEPrOBHX 3aBAAHb € IOCIIKEHHS BIIMBY KOHIICHTpAIii arpe-
CHBHOTO CEpEeIOBHINA Ha KOPO3iiHYy CTiMKicTh AMC-eneKkTpoAiB mia Jac MOJspU3alii.
00’ €exTOM JOCITIHKEHHS OyJin aMOp(HI METaJIeBl CIUIABH JICTOBaHI PiAKICHO3EMEIbHUMHU
METaJlaMHu (RE) Feg4NbgBl4, FegszgBl4Y2, FegszzBl4Gd2, FegngzBmez Ta
Feg;Nb,B14Dy, y BUIIIAI CTPIUOK 3 TOBIIMHOK 1 MIUPUHOIO (20—25)~10"6 Mi310° M,
BIJIMOBITHO, OTPHMAaHiI METOJIOM CIiHIHTYBaHHs po3miaBy [2]. HdocmimkeHi amopdHi
cruiaBu BUroroeieHi B [Hcruryti meranodizuku HAH Ykpainu.

CaMO4YMHHHH TIpolLieC pO3YMHEHHS-10HI3auii aMOppHUX MeTaneBUX CIUIaBiB CHCTEM
Fe-Nb-B-RE nocnimkeno meronom notenmiomerpii 8 1 M BogHomy poszunni KOH mpu
temrnepatypax 288 K i 293 K, dikcyroun BinbHuiA notennian nosepxHi (E). CrabinpHe
3HAYEHHS Epopepxni BCTAHOBIIOETBCS 3 4YaCOM, TOMY BUMIPIOBAHHS IIPOBOJMIIN HPOTAIOM
20 xB. [ToBemiaky AMC — eleKTpoIiB B pO3UHHI OL[IHEHO 32 HACTYIHUMH MapaMeTpamMu
HaBeleHUMH B Tabmuii 1: mouarkoBe (Eg) Ta xinnese (E,;,) 3Ha4eHHS BUIBHOTO TTOTEHIII-
any, ix pizauI (AE) Ta mBunkicts 3minn E 3a 60 c.

Tabuauusa 1. Pesynbrat XpoHONOTEHIIOMETPHYHOTO fociikeHHT AMC-enekTpoain
y 1 M po3uuni KOH npu Temnepatypax 288 K 1293 K
Table 1. Results of chronopotentiometric study of AMA electrodes in 1 M KOH solution
at temperatures 288 K and 293 K

288 K 293 K

Crnan AMC - g T2 7T AR, | v 105 | Eo. | Ewn | AE. | vg 0%,
B B B Blc B B B Blc
FesNboBra | -020 | -026 | 006 | 167 | 039 | 0.66 | 027 | 167
FeoNb,B LY, | -024 | -023 | 001 167 | 027 | 041 | 014 | 1.67
FesNb.B,Gdy | -024 | -0.19 | 005 | 333 | -030 | -034 | 004 | 167
FesNb,B,Tby | 0.19 | 0.19 | 0.00 | 167 | -024 | 030 | 006 | 1.67
FegwNb,B1,Dy, | -027 | 0.18 | 009 | 167 | -029 | 038 | 0.09 | 167
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Puc. 1. Bcranoenenns norenmiany AMC-enekrponis: / — FegsNbyBy4, 2 — FegaNb,B14Y >,
3 — Feg;Nb,B4Gd,, 4 — FegNbyB4Th,, 5 — FegyNb,B 4Dy, 3 wacom y 1 M pozunni KOH
npu temneparypax 288 K (a), 293 K (6)

Fig. 1. Establishing of the potential of AMA electrodes: / — FegyNb,B1,, 2 — FegyNb,B14Y ),
3- FngNb2B14Gd2, 4— FCgQszBMsz, 5— FCgQszBmDyZ over time, in 1 M KOH solution
at temperatures 288 K (a), 293 K (b)

3 orpumanmx pe3ynbTariB (Tabn. 1, puc. 1) BumHo, mo neryBanHs RE cmmaBy
FegsNb,B, 30inblrye 3Ha4deHHs BUILHOTO MOTEHIially, TOOTO IOKpAllye KOpPO3iHHY
TPUBKICTh y JAHOMY CepellOBHUIII. 301IbLICHHS TEMIIEPATYPU PO3YMHY ITPUBOJUTH JIO aK-
TuBalii mpoueciB po3unHeHHs: AMC-eneKkTpoiB, 0 BiIOMBAETHCS HAa 3HAYCHHSIX EJIeK-
TpoxHuX noteHuianis. Busnaueni AE ~ (0,04+0,14) B 103BoJISIIOTH IPUITYCKAaTH BUCOKY
ctabinpHicTh B 4aci ieroBanux AMC y Bogaomy poszurnni KOH nanoi koHIeHTpawii npu
temrepatypi 293 K.

1. Ilinax A. I, Macnos B. B., Hocenxo B. K. Pecypco3bepiraroui TeXHOJIOTiT BUPOOHUIITBA Ha-
HOKPHCTAJIIYHUX IPEHU3IHHIX MarHiTHUX MaTepialiB SK CKJIaJ0Ba iHHOBAaLiHHOTO PO3BHUTKY
EHEepreTHYHOI Ta eNeKTPOTEXHIYHOI ramy3eill nmpomucioBocTi Ykpainu // Hayka Ta iHHOBari. —
2005.—Ne1 (3)-C. 92-111.

2. Hocenxo B. K. AMopdHi Ta HaHOKPUCTAIIYHI CIUIABU IJis MPHIAA00YAYBaHHS i €Hepro-
edpexruBHux TexHouorii / Bich. HAH Vkpainu. — 2015. — Ne 4. — C. 68-79.
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The electrochemical activity of samples of FegsNb.Bj4, FegaNbB14Y2, FegpoNboB14Gdy, FegaNbyBi4Th,,
Feg:Nb,B 4Dy, amorphous metallic alloys (AMA) in alkaline solution have been investigated. It have been
shown that all investigated samples were stable in aqueous solutions of KOH at different temperatures.
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[Moennannsam BractuBoctel nonianininy (ITAH) i pedoBuH pi3HOT IPUPOIH, 0COOUBO
npupoauux MinepainiB (IIM), creoprorots Ti0punHi komnosutu (I'K), siki HaOyBaroTh
IIPY [IbOMY PSAJ] BIAIMIHHMX BiJl BUXIZJTHUX KOMIIOHEHTIB BJIACTUBOCTEH cepell SIKUX ITUTO-
Ma enekrponpoBigHicts. Cepen 1M, ski BUKOpUCTOBYIOTH st cuHTe3y 'K HaiOuibIm
MOUIMPEHUMH € (UIOCIITIKATH TPH- Ta JABOIIAPOBOI CTPYKTYpH, SIK OT MOHTMOPHIIOHIT,
kaoniniT (KT) un xaoxnin (Kr) [1]. IIpupoxni pecypcn Ykpainu GaraTi KaoJdiHOM, SIKHA
1HKOJI Bi/IIOBia€ CTPYKTYpi KAOMiHITY, OMHAK i MiHEpalld, MPaKTHYHO HE JOCIHIHKY-
IOTh BITYM3HSHI HAYKOBII-XiMiKH 1 cTBopeHHS ['K 3 enexTponpoBifHIMH OTiMepamMu
(EIIIT). 3aBnsku Bucokiii riapodimsaOoCcTi [IM 3yMOBIIEHOI HASBHICTIO TOBEPXHEBUX Tij-
poxcunpEuX —O—-H (cunanonprux Si—OH) rpym, siKi CIIpUAIOTH YTBOPEHHIO BOJHEBHUX
3B s3KiB 3 Makpomoinekynamu EINII, mo momimmye cyMiCHICTH KOMIOHEHTIB B KOMIIO-
3uTHUX Matepianax. [Ipuposa Ta crpykrypa [IM crpuse iXHbOMY JIETKOMY JHCHEPTY-
BaHHIO y BOJII Ta BOJHHMX PO3YMHAX PI3HUX KHCJIOT, SIKi 3a3BU4Yail BUKOPUCTOBYIOTD SIK
CepeIOBHUIIIe /I CHHTE3y KOMIO3uTiB Ha ocHoBi [IM 1 EINII.

Mera Hamoi poOOTH MoJjsirajla B CHHTE31 KOMIIO3UTHHX MarepialliB Ha OCHOBI Kao-
minity Ta nomiaHininy (K1/IIAH) okucHeHHSIM aHUIiHY (AH) aMOHIM NEPOKCOIUCYIIb-
¢darom (AIIC) in situ y Bonaux pozunnax H,SO, 3a HassBHOCTI KonoigHuX aucnepciit Kr,
JIOCITIIPKEHHS IXHBOT CTPYKTYPH Ta EJIEKTPOIIPOBIIHOCTI.

Tadmauus 1. Macy KOMIHOHEHTIB IpH cuHTe31 3pa3kiB komno3utiB K1/IIAH

Table 1. The mass of the components in the synthesis the samples composites Kt/PAn

3pazok m(AHCT), T m(AIIC), T m (K1), T
A= 2,863 4,563 -
Kr/TTAH (1) 2,863 4,563 0,125
Kr/I1AH (2) 2,672 4,291 0,250
Kr/I1AH (3) 2,290 3,677 0,500
K1/I1AH (4) 1,909 3,065 0,750
Kt/I1AH (5) 1,526 2,452 1,000
Kt/I1AH (6) 1,526 2,452 2,000
Kt/I1AH (7) 1,526 2,452 5,000
Kt/T1AH (8) 1,526 2,452 8,000
Kt/I1AH (9) 1,526 2,452 10,000
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Jst cuntesy K1/IIAH BHKOpHCTOBYBalM pi3HI KUIBKOCTI AH, CIiBBiJIHOILICHHS
An : ATIC cranoswuio 1 : 1, BmicT Kt 3MiHIOBanu B mMpokux Mexax (aus. Ta0m. 1). s
3armo0iraHHs yTBOPEHHS MOJIaHIUIIHY B peakIiifHOMy po3duHi 1o3a moBepxHeto Kt Oyimo
3HA4YHO 30inmbIIeHo BMicT KT B peakiiiiHii cymimi i, BilOBiTHO, B YTBOPEHUX KOMITO3H-
tax (muB. Tabmn. 1, 3pasku K1/IIAH (6) — K1/I1AH (9)). OTpuMaHi TaKuM YHHOM KOMIIO-
3UTH 332 BUCOKUX BMicTiB KT sBIsii c00010 (aKTHIHO KAOJIHIT, MOBEPXHS YaCTHHOK
skoro moaudikoBana mosmiaHitiHoMm (3pasku K1/I1AH (6) — K1/I1AH (9) (muB. Tabu.,
3pazki 1 12).

T'oTOBI 3pa3ku IOCIIKYBaIKM 3a JOIMOMOrOI0 peHTreHiBcbkoro (JIpon-4) ta indpa-
yepBoHoro 3 @ype (IY-DIT) neperBopenusm (Nicolet IS10) ananizis. [Iutomy enexrpo-
npoBiguicTs 3paskiB [TAH, komnosurie Kt/IIAH ta Kt Busnayanu npu 20°C 3a meto-
nukoro [2].

[omnianinia y ¢opMi eMepanbIuHOBOI COITi OYIb-IKHX KUCIIOT BOJIOI€ SICKTPOHHOIO
npoBiHicTIO [2]. 3 pe3ynbTaTiB BU3HAYCHHS TUTOMOI €JIEKTPOIPOBIAHOCTI (0) OTpUMa-
HUX 3pa3KiB (AuB. TabM. 2) BUIHO, IO SIEKTPOIPOBIAHICT JOCHTIHKEHUX 3pa3KiB 3MEH-
mryeTbes 31 30impmenHsM BMicTy KT B kommosuTtax — Bif 3paska K1/I1AH (2) 1 ax 1o
3pa3ka K1/ITAH (8), 3pa3ok K1/IIAH (9) He € enekTponpoBinaiM. Take 3MEHIICHHS TH-
TOMOI €JIEKTPOIIPOBITHOCTI 3YMOBJICHO 3MEHIICHHSIM BMICTY €IEKTPOIPOBITHOTO KOM-
noHeHTa ITAH Ta 130/110104MM BILIMBOM 4acTUHOK KT (k= 0,00006 CM-CM’I).

Taommus 2. [Turoma enexTponposiaHicTs 3pa3kiB [TAH Ta komnosuris K1/ITAH
Table 2. Electrical conductivity of the samples of PAn and composite Kt/PAn

3pa3ok o (Cm-em™)

1A= 0,052
Kr/I1AH (1) 0,069
K1/I1AH (2) 0,096
K1/I1AH (3) 0,049
K1/I1AH (4) 0,024
K1/I1AH (5) 0,007
K1/I1AH (6) 0,0009
K1/I1AH (7) 0,0006
K1/I1AH (8) 0,0004
Kt/T1AH (9) -

Sk BUAHO 3 TaOJ. 2, HAWBUIIMM 3HAYCHHSM CJIICKTPOIIPOBIAHOCTI Cepe/l BCIX 3pa3KiB,
Bkitovarouu 1 [TAH, Bosonie 3pa3ok kommnosuty K1/ITAH (2), mis cuHTe3y sSKOro 0yiio
BUKOPHCTAHO MAacOBE CIIBBIJIHOIICHHS MiX KoMmroHeHTamu Kt : An = 1:7. 3i 30u1b-
HmIeHHsM BMicTy KT y cHHTE30BaHNX KOMITO3UTaX €JIEKTPOIIPOBIIHICTE OTPUMaHUX 3pa3-
KiB 3MEHIIYeThCsl. 3HaueHHs enekrponposigHocti 3paska K1/I1AH (5) € y 13,5 pasis
MeHIIMM cTocoBHO 3paska KT/ITAH (2). 3pazok Kt1/IIAH (9), anst cunTe3y skoro Oyio
BHKOpHCTaHO criBBigHOMmMEeHHS KT : AH = 10 : 1 — HeeTIeKTpOopoBi THHIA.

EnexTpomnpoBigHiCTh, OTpUMaHNX HaMHU KOMIIO3UTiB 3 BMicToM Kt 0,250 1 0,500 T, €
Ha TIOPAIOK BHIIOIO BiJl 3HAUEHB €IEKTPOIPOBITHOCTEH OTPIMAHNX aBTOpaMH mpai [3],
1110 OYEBHUIHO 3yMOBJIEHO 3HAYHO MEHILIUM PO3MipoM dacTHHOK [IM.
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OueBunHo, mo [TAH 3HaXOAWTHCS Ha MOBEPXHI MOJIIUCIIEPCHUX YACTHHOK KaoJi-
HITY y BUII TOHKHX 1oTiBok. Yactuaku [TAH, HaHeceH] Ha moBepxHIo [IM y Buai MmIiBoK,
3a3BHYaii, MalOTh TPaHYJIbHY HAaHOPO3MipHY Mopdoorito noxidbuo sk i [1AH, oTpu-
MaHHHA B PO3YMHAX Pi3HUX KUCIOT [4].

Bumii 3HaueHHs nmutoMoi emektponposigHocti 3paskiB K1/I1AH (1), K1/I1AH (2) Ta
K1/T1AH (3) MOXyTh OyTH 3yMOBIICHI IEPKOJIALIIHIM epeKToM [5].

Kommnosutu KT/[TAH 3 BUCOKOIO €JIEKTPOIIPOBIIHICTIO MOXKYTh OyTH BUKOPHCTaHI 5K
KOMITOHEHTH €JICKTPOPEOJIOTIYHUX CHCTEM [6].

Pe3ynbraTi MOCHIKCHHS MOKA3yIOTh, 10 MOEJHAHHS BJIACTUBOCTCH KAOIIHITY Ta
NOJIaHUIIHY NPU3BOJIUTH 10 YTBOPEHHS OPraHiYHO-HEOPTraHIYHUX Ta HEOPraHIYHO-Opra-
HIYHUX KOMIIO3ULIHHUX MaTepiajiB 3 PeryJibOBaHOIO €JIEKTPOIPOBIIHICTIO.

1. Maxoeon B., Ayuwun M., Pewemnax O. IlpupogHi MiHEpadH — KOMIIOHEHTH KOMIIO3UTHUX
MarepianiB Ha ocHoOBi momianiminy // IIpami HTII. Xim. maykm. — 2017. — T. XLVIII. -
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CONDUCTIVITY PROPERTIES OF KAOLINITE/POLYANILINE COMPOSITES
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The composite materials synthesis based on kaolinite and polyaniline (Kt/PAn) were carried out by oxi-
dation of aniline ammonium peroxodisulphate in situ in aqueous solutions of H,SOy, at the presence of colloidal
variances of kaolinite. The composition influence of kaolinite/polyaniline composites on their electrical con-
ductivity was investigated. It was established that at the kaolinite content approximately 0.250 g in the reaction
mixture the electrical conductivity is the largest, which is obviously due to the percolation effect.

Key words: kaolinite, polyaniline, composite, conductivity
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HAHECEHHSA HAHOCTPYKTYPOBAHUX OCAJIB CPIBJIA HA
IHOBEPXHIO KPEMHIIO 'AJIbBBAHIMYHUM 3AMIIINEHHAM

Hayionanenuii ynieepcumem «JIvgiecvra nonimexuixay, kagpeopa ximii' i mexunonoeii HeopeaniyHux
peyosun, na. Ceamoeo IOpa, 9, 79012 Jlvsis, Yrpaina, e-mail: maryana_shepida@ukr.net

HanocTpykTypoBaHi ocaau MeTalliB Ha IOBEPXHI KPEMHIIO JAIOTh 3MOTY MOJTU]IKY-
BaTH OCTaHHIO 3 HaJaHHJIM 1 aHTUBINOWBHUX BiacTHBOCTEH. Taki MOBEpXHI CyTTEBO
i ABHUIYIOTH €(PEKTHBHICTH IEPETBOPEHHS CBITIIA B €IICKTPUKY, III0 BUKOPHUCTOBYETHCS B
¢doto- Ta HaHOENEeKTPOHili [1]. OZHUM i3 IEPCHEKTHBHAX METOMAIB TaKoi Moan(ikarii €
METOJ TaJIbBaHIYHOTO 3aMILCHHS, IKUH XapaKTePU3y€eThCs MUPOKUMU MOXKIHBOCTAMH
BIUIMBY Ha MOPGOJIOTiI0 0Ca[KyBaHOTO HAHOCTPYKTYpOBaHOro Mertany [2—6]. OnHak,
CHOHTaHHICTh MPOLECY YCKIJIQJHIOE O/ICPXKaHHSI HAHOYACTHHOK 13 33/IaHMHU T€OMETPI€I0
Ta PO3MOALIOM 3a po3MipamMu. TOMY JOIIIBHAM € BCTAHOBJICHHS OCHOBHHUX IapaMeTpiB
Ha 3a3HayYeHl XapaKTepUCTUKU. Mera poOOTH — BHBYEHHS 3aKOHOMIPHOCTEH Ipolecy
rajJbBaHIYHOTO 3aMILIEHHS JJIsl OZEp>KaHHS HAHOCTPYKTYpOBaHHMX OCaliB cpibia Ha
KpPEMHI€BY IMIAKIAIKY y BOJHHX pO34HHax Ta B cepenosuii DMF.

CepenoBuIe OpraHiYHHX aNpPOTOHHHX PO3YMHHHUKIB crpuse (GopMyBaHHIO chepo-
MOMIOHUX YaCTHHOK MeTany Ta 2D 3alOBHEHHIO HUMH ITOBEPXHI KPEMHIIO Mif] 9ac rajb-
BaHIYHOTO 3aMIIIEHHS, a TAKOX 3armobirae Mpoxo/pKeHHI0 mobigamux mporecis [3]. Le
3a0e3nedye piBHOMIPHHUI PO3IIOAiT HAHOYACTHHOK Cpi0ira Ha MOBEPXHI MiAKIAAKH.

ITokazano, 1110 3a TaJIbBaHIYHOTO 3aMiIlIeHHs cpibiia Ha KpeMHil (IuB. TabJ1.) 3 po34u-
HiB miaHokoMIuiekcy y DMF xapakTepHO yTBOpEHHS AMCKPETHUX YaCTHHOK CEepHUIHOL
¢dbopMu 3 HeBEIHMKUM Jiana3oHoM po3MipiB (60...80 HM) Ta 3 pIBHOMIPHUM PO3IOIIIOM
ix Ha moBepxHi KpeMHieBoi mifxiaaku (puc. 1, @). 3a BiIHOBIEHHS cpibiia 3 PO3UMHIB
AgNOj; (muB. Tabn.) cioctepiraerbes (OpMyBaHHS HAaHOYACTUHOK Cpibiia 3HAYHO OLNIb-
mmx 3a po3mipamu (80...200 um) (puc. 1, 6).

3’s1coBaHO, IO 3a BiJHOBJCHHS METAJIB 3 I[laHIJHUX KOMILIEKCIB, BUCOKA CTIHKICTh
SKUX CIPHYMHSE 3HAYHY KAaTOAHY HOJIAPU3ALilo, CIOCTepiraeThesl TEHICHLS OO YTBO-
pEHHS HaHOYACTHHOK 10 100 HM 3 BiTHOCHO HEBEJIMKHM Jiaa30oHoM iX po3MipiB. Y pos-
ypHAX coibBaToBaHuX ioHiB [Ag(DMF),]" kaTtoaHa monspusanis Mana, TOMy HaBiTh HO-
BEepXHEBI KOMITJICKCH Ha 3apojiKax cpibia He 3amobirarots 3D pocty ocamy. Okpim Toro,
y Takux po3unmnax AE’ =2 B, Toi K y po3unHax miaHokommiekcy — (—0,31)—~(—1,2) =

Tadmauus 1. YMoBH GopMyBaHHSI HAHOCTPYKTYPOBAHOTO Ocay cpibiia Ha
MOBEPXHI KPeMHito 3a Temneparypu 20°C

Table 1. Conditions for the formation of nanostructured silver sediment on the surface
of silicon at a temperature of 20°C

CxJta po3uuny TpusanicTs npouecy, ¢ | Po3mip 4aCTUHOK, HM
0,1 M AgNO; 60 80...200
0,1M (NH4)[Ag(CN),] 60 60..80
0,01M (NHy4)[Ag(CN),] 30 80...120
0,01M (NH4)[Ag(CN),] 30 100...250
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Puc. 1. CEM-300paxeHHs TOBEpXHI KPEMHIIO 3 HAHOUYAaCTHHKAMH cpibiia, OCaPKCHUMH 3
po3untiB 0,1 M (NH4)[Ag(CN),] (a) ta 0, IM AgNO; (6) y DMF Ta Bignosigui ricrorpamMn
posnozainy ix 3a po3mipami (g, 2)

Fig. 1. SEM images of silicon surfaces with silver nanoparticles deposited from solutions of 0.1 M
(NH4)[Ag(CN),] (a) and 0,1 M AgNO; (b) in DMF and histograms of their size distribution (¢, d)

=0,89 B. IIputomy mis cpibma xapakTepHo GopMyBaHHS TUCKPETHUX YacTHHOK. OTXe,
Moaudikalifo KpeMHII0 HAHOYACTHHKAaMH Cpibiia JOLUIBHO MPOBOAWTH TaJbBaHIYHHM
3aMIIEHHAM y PO3UYHHAX CTIMKUX KOMIUIEKCHUX CHONYK APIEHTyMYy.

Iopisuioroun CEM-300paskeHHst cpibiia, chOpMOBAHOTO Ha IOBEPXHI KPEMHIIO 3
BOJIHUX Ta AAMETHI(POPMaMiTHUX po3unHiB KomruiekcHOI comi (NH4)[Ag(CN),], cnoc-
TEpiraeMo CyTTEBI BIIMIHHOCTI. Y BOJHHUX PO3UMHAX (POPMYIOTHCS YAaCTHHKH 3HAYHO
OUTBIIMX PO3MIPIB HIXK Y CEPEIOBUIIII OPraHiYHUX APOTOHHUX PO3YHMHHUKIB 3 BEITHKHM
Jiara3oHoOM IX pO3MIpiB — BiJ IEKUIBKOX JecATKiB HaHoMmeTpiB 1o ~200 uM (puc. 2, a).
BonHouac minx 4yac BigHOBIICHHS cpibia y cepeposunli DMF yTBOPIOIOTBCS TUCKpETHI
HaHouyacTUHKH ocany (~100 HM), ane 3 piIBHOMIpHUM PO3IIOIIIOM O TIOBEPXHI KPEMHIIO
Ta BUCOKOIO HIIJIBHICTIO 11 3armoBHEeHHs (puc. 2, 6). Taka BigMiHHICTH MOXe OyTH 3yMOB-
JIHAa BHCOKOIO €JIEKTPOJIOHOPHICTIO MOJIEKYJN ITUMETHI(GOpMaminy, siki aacopOyroThCs
Ha TIOBEpXHI YaCTMHOK HAHOPO3MIPHOTO 0Cajay, YTBODIOIOYH ITOBEPXHEBI KOMILIEKCH
Ag'<—:DMF, ski 6;10KyI0Th iX Ta 3a1m06iraloTh MOJAIBIIOMY POCTY i armomeparii [4].
Le cmpuse yTBOPEHHIO HOBHX 3apoOAKiB cpibia Ta MOCTYIOBOMY i piBHOMIpHOMY 3a-
MTOBHEHHIO TIOBEPXHI KPEMHIIO.



Cexkyis 2. Ximiuna enepeemuxa ma mexniyHa e1eKmpoximis 401

EHT= 15 00k anal A = 5E1 Gote 17 o 20017 = e EHT = 15,004 Sinal A = SE1 Date 47 How 2017
[l WO=115mm Prata No. = 7443 Time 15:19:08 = WD = 120 mm Phota Ne. = 7430 Trme 180800

Puc. 2. CEM-300pakeHHsI MOBEpXHi KPEMHIIO 3 0CaIXKEHHM CPi0JIOM rajgbBaHIiYHUM
samimeHHsM 3 0,01M (NHy)[Ag(CN),] Boxuux (@) i DMF (6) pozunnis

Fig. 2. SEM images of a silicon surface with silver deposited by galvanic replacement from
0,01 M (NH4)[Ag(CN),] aqueous (a) and DMF (b) solutions

Omxe, mns 3abesnedeHHs GOpPMyBaHHS HAHOYACTHHOK cpiOia, piBHOMIPHO pPO3IO-
JIIJICHUX Ha TIOBEPXHI KPEMHIIO Ta 3amo0iraHHs MPOXOIKEHHS MOOTIHUX MPOIECIB Tajlb-
BaHIYHE 3aMilIeHHS JOIIHPHO MPOBOJANTU B CEPENOBUII OPTaHIYHUX allPOTOHHHUX PO3-
YUHHUKIB.
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Mariana Shepida

FEATURES OF NANOSTRUCTURED SILVER PROTECTION ON THE SURFACE
OF SILICON BY GALVANIC REPLACEMENT

Lviv Polytechnic National University , Department of Chemistry and Technology of Inorganic Substances,
St. Yura square, 9, 79012 Lviv, Ukraine, e-mail: maryana_shepida@ukr.net

Nanostructured silver sediments were applied to the silicon surface by galvanic replacement. The
conditions of the process are established, in which micro and nanosized silver particles are formed in aqueous
solutions and the environment of organic aprotic solvents. The influence of temperature, duration of deposition
on the morphology of the modified surface and their size distribution, as well as the nature of the solvent on the
course of the galvanic replacement reaction have been studied.

Key words: galvanic replacement, nanoparticles, silver, silicon, DMF
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Biooinenns gizuxo-ximii 2oprouux konanun Incmumymy ¢izuxo-opeaniunoi ximii ma gyaneximii
im. JILM. Jlumeunenka HAH Yxpainu, eéyn. Haykosa, 34, 79060 Jlvsie, Yrpaina

Hanoximist KOJIOTTHUX PO3YMHIB METAJIB SIK MaTepiajiB JUIsl KaTani3aTopiB XiMI4YHOTO
CHHTE3Yy Ta aHTUMIKPOOHMX IpenapariB IIUPOKOTO CHEKTPY il B OCTAaHHE JIECATHIITTS
PO3BHBAETHCSI Y TAKMX OCHOBHMX HampsiMax: 1) “3eneHuit” cuHTes; 2) KEpOBaHUI BIUIMB
Ha (popMyBaHHS TeoMeTpil HAHOUACTUHOK, SIKI BU3HAUYAIOTh iX (DYHKIIOHAJIbHI BIaCTHBO-
cti. [lepmmii HanpsM OXOIUTIOE BUKOPUCTaHHS MPEKYPCOPIB MPUPOTHOTO ITOXOKEHHS
[1, 2], apyTHif — KOMIUIEKC YMOB, 3a SIKUX 3IIHCHUMUN CHHTE3 YACTHHOK METAJy 3aJaHol
reometpii [1-3]. Born 6a3yroThCs mepeBakHO Ha PEAKIiAX XiIMIYHOTO BiIHOBICHHS, IO
€ GaraTo(akTOpHHUM i CKIaIHUM y KepyBaHHI nporecoM. OKpiM TOTO, XiMIYHUI CHHTE3
He 3aBXIu 3a0e3nedye BiAMOBIAHY YHUCTOTY KOJOITHWX PO3YMHIB HAHOYACTHHOK, OC-
KUJIbKH MICTUTh MPOJIYKTH OKUCHEHHS BiJTHOBHMKA Ta aHIOHM coii Metany. Eiextpoxi-
MIYHUIA CHHTE3 Jla€ 3MOTy MIHIMI3yBaTu KUIbKICTh HPEKYPCOpIiB, a TaKOX 3amo0irTu
YTBOPEHHS MOOIYHUX MPOJYKTIB, @ TOJIOBHE — MOETHYE KpUTEPil “3eseHuX’ TEeXHOJOT1N
Ta KepOBaHOTO (hOPMYBaHHS HAHOYACTHHOK [4, 5]. BinTak oro Mo>xHa BBa)aTH ajnbTep-
HAaTUBHHUM JI0 XIMIYHOro. 3Ba)Kal04M Ha aKTyaJbHICTh TAaKOTrO NMUTAaHHsI, MeTa poO0OTH —
BUBYUTH IPOLIEC €JIEKTPOXIMIYHOTO (h)OpPMYyBaHHS HAHOYACTHHOK Cpibiia 3aJIe’KHO Bij
MIPUPOIH MTOBEPXHEBO-aKTUBHUX pedoBUH (IIAP).

EnexTpoxiMiuHWIA CHHTE3 KOJOIAHAX PO3YMHIB HAHOYACTHHOK Cpi0ia IMpOBOAMIH 32
PEBEPCHOTO CTPyMY Ta BUKOPHUCTAHHS PO3YMHHMX CPiOHMX aHOAIB 3a mpucyTHOCTi [TAP,
sIKi BUKOHYBall (yHKIIi0 crabimizaTopis: 1) Harpiro nmomakpumaty (NaPa), 2) pamHO-
ninigy (RL) Ta 3) pamuominignoro 6ioxommuiekcy (RBC). NaPa — cuaTeTHYHMIA mMOITI-
MepHuit crabinizatop, RL i RBC — mpoxyktu MikpoOHOTO moxomkerHs [6]. Ilokaszano,
10 MAaKCUMYMH TOTJIMHAHHS KOJIOIIHUX PO3YMHIB HAHOYACTHHOK Cpibja CyTTEBO 3aiie-
JKaThb BiJl MPUPOIH cTabiiizaTopa (IuB. TadL.).

BinmnoBinHo 10 pe3ynbTaTiB TpaHCMiciitHOT enekTponHOi Mikpockorii (TEM) y pos-
YMHAX HAHOYACTHHOK cpibia, craburizoBanux NaPa, coctepiraerbes OUIBIIMNA PO3KUI

Taomuust. Makcumymu Y®-B criekTpiB MOTJIMHAHHS Ta PO3MIPHU €IEKTPOXiMIUHO
CHHTE30BaHMX HAHOYACTHHOK cpibna y po3unnax NaPa, RL, RBC

Table. Maximums of UV-V absorption spectra and sizes of electrochemically synthesized
silver nanoparticles in NaPa, RL, RBC solutions

CTabinizatop | A4, NM (MiCIs eTEKTPOITIZY) Amax, DM (gepe3 7 1i0) J, nm
NaPa 526 637 <30
RL 427 0e3 3MiH <25
RBC 428 6e3 3MiH <25
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Puc. 1. TEM-306paxxeHHs HAHOYaCTHHOK Cpi0ia, eIeKTPOXIMIUHO OJIep>KaHNX 3 PO3UHHIB
417" NaPa (@) i RL (6). U= 6B, t=50°C, t=20 xB

Fig. 1. TEM images of silver nanoparticles electrochemically synthesized from solutions
4 g-I"' NaPa (a) and RL (b). U=6V, t = 50°C, t = 20 min

3a po3Mipamu, ToAi sk 3a crabimizamnii RL — Ternennis mo pisHOMipHOCTI (puc. 1). IIpo-
Te, TaKy Pi3HHIIO Y pO3Mipax HE MOXXHA BBAXXKATH T'OJIOBHOIO MPUYMHOIO BiIMIHHOCTI y
CHEKTpax IMOTIMHAHHS Ta 3HAUYCHHIX MaKCUMyMiB (Tabmuiis). BiporigHo, meBHUi BIUIHB
Mae OymoBa MoJsieKysu crabinizaTtopa. BymoBa mosiiMepHOro MolliakpuiiaTy 3yMOBIIHOE
cTabli3alif0 HAHOYACTHHOK 3 OJTHOYACHOIO 1X JIOKAJTi3allilo, TOOTO CBOEPIIHOIO arjiomMe-
pauieto (puc. 2, a). Crabinizauis 3HauHo MeHIMMHU Moliekyitamu RL 1 RBC 3ymoBitoe
CUMETPHUHY KOH(pirypariito (puc. 2, 6), M0 Ja€ 3MOIy IJIsl PIBHOMIPHOTO PO3MOILTY
YaCTHHOK Y KOJIOITHOMY PO3YMHI Ta IPH3BOMUTH 10 MIOTJIMHAHHS CBIT/Ia 32 MCHIIIUX 3HA-

YeHb JOBXKUH XBHIIb (pHC. 3).
Puc. 2. Cxema cradinizanii
HAHOYACTHHOK cpibia

aHIOHOM TOJTiaKpUIIaTy (@) Ta
RL, RBC (6)

Fig. 2. Scheme of stabilization
of silver nanoparticles by
anion of polyacrylate (a)

and RL, RBC (b)

Ag nanoparticles

BcTaHOBNEHO, IO BIIPOJOBXK €IEKTPOIi3y MPHUPICT 3HAUYCHHS MaKCUMyMYy € CTalIUM
npotsirom tpuBanoro 4yacy i RL i RBC (puc. 3, @), mo cBiguuTh npo crabiibHICTh
MpOLIECIB  aHOJHOTO PO3YMHEHHs cpiOia, BINHOBJIEGHHS HWOHIB ApIGHTYMy Ta
(hopmyBaHHs cTabLI30BAHUX HAHOKJIACTEPIB 1 HAHOUYACTUHOK. 3HAUYEHHS MaKCUMYMIB Yy
po3uunax NaPa (puc. 3, 6) 3cyBarOThCs Y JOBIOXBHJIBOBY 00JIaCTh, 1[0 MOXKHA MOSICHUTH
arjoMepai€ro, K 3a3Ha4eHO BHUIE. Takui 3CYB CIIOCTEPIraeThCsl TAKOXK 3a TPUBAIOTO
30epiranHs KoyoigHux po3unHiB 3 NaPa, Toni sk aim RL 1 RBC Take He xapakTepHo.

ITokazaHo, m0 3 MiIBHIIEHHSAM KoHUEeHTpauii crabinizaropa (NaPa, RL i RBC)
MIBHAKICTH Tporecy (OpMyBaHHS KOJIOIZHMX PO3YMHIB HAHOYACTHHOK Cpibiia CYTTEBO
3pOCTaE, 110 3yMOBIICHO, HacaMIIepe/], 301IbIICHHAM IIBHKOCTI PO3YNHEHHS aHOJIIB.
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Fig. 3. UV-Vis spectra of RL (a) and NaPa (b) solutions during electrolysis
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The method of electrochemical synthesis of colloidal solutions is proposed for using soluble anodes and
reverse current. It has been established, a polymeric stabilizer (polyacrylate) causes higher values of maximum
in absorption spectra in comparison with monomeric molecules (rthamnolipids) and provides an explanation for
this. It is shown that the size of silver particles does not exceed 30 nm, and most of them is up to 5 ... 15 nm.
As the stabilizer concentration increases, the speed of the synthesis of solutions of silver nanoparticles
increases, which is due to the acceleration of dissolution of the anodes.The speed of synthesis of solutions of
silver nanoparticles increases with the concentration of the stabilizer, which is due to the acceleration of
dissolution of the anodes.

Key words: electrolysis, silver nanoparticles, colloid solutions, polyacrylate, rhamnolipid.
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B ocranHe fecsaTupiuds 0co0rBa yBara NpHIUIETHCS “3€JICHUM” CHHTE3aM KOJIOi-
HUX PO3YHMHIB HAHOYACTHHOK cpibia (AgNPs), siki 6a3yloThcs Ha BUKOPUCTaHHI HETOK-
CHUYHMX BIJJHOBHHMKIB 1 ctabumizaTopiB [1]. OauH i3 HOro mepcHeKTUBHHUX HArNpsMiB —
enexTpodi3 [2-4]. 3Bakaroud Ha Maly KiJbKICTh POOIT 3 TaKOro METOAY, Ha ChOTOAHI
NPAaKTHYHO HEMa €KCIEPUMEHTAIBHOI 0a3u JUIsi CTBOPEHHS TEOPETHYHNX OCHOB BILUIUBY
YMOB €JIEKTPOJIi3y Ha TEOMETPil0 HAHAHOYACTHHOK. ToMy, METOI0 poOOTH OYII0 JOCIiI-
JKEHHSI 3aJIS)KHOCTI PO3MIpiB HAHOYACTHHOK Cpiblia Ta MIBHAKOCTI iX (opMyBaHHS 3a
BUKOPHCTaHHS PO3UYMHHUX aHOJIB 32 PEBEPCHOTO CTPyMy B PO3UMHAX ITOBEPXHEBO aK-
tuBHOi pedoBnHU (ITAP) Hatpiro momiakpunary (NaPa). OcTaHHi# IIHPOKO BUKOPUCTO-
BYIOTBH SIK e(heKTUBHUI momiMepHuil cTabinizaTop y ximiuHoMy cunTe3i AgNPs [5], Toxi
SIK B €JICKTPOXIMIYHOMY — HOTO e()eKTUBHICTh HE BHBYAIIH.

Enexrpoximiunuii cuHTe3 mpoBoamin 3a U = const = 6 B, tpusamocti pesepey 1 ¢,
xouuenTpauii NaPa (M = 2000) Bix 1 10 40 r-1' B giamasoni temmepatyp 30...60°C.

3a 3a3HaYCHUX YMOB YTBODIOIOThCS PO3UMHH, SIKI MAlOTh Ha3By ‘‘CHHBOro cpibdia”
[5]. Toka3zano, 1m0 BIPOJOBK EICKTPOIII3Y CHOCTEPIraeThCs TEHACHIISA 10 HE3HAYHOTO
3cyBy MakcumyMy noriuHaHHS (502 HM) B IOBroxBmibOBY obiactb (puc. 1, a). lle
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Puc. 1. YO-B cnekrpu posunnis NaPa Brponosx enexrposisy () Ta mBHAKiCTs GopMyBaHHS
HAHOYACTHHOK cpi0iia B yaci 3aJIe’KHO BiJ KOHIIEHTpAILii cTabinizaTopa (6)

Fig. 1. UV-Vis spectra of NaPa solutions during electrolysis (a) and the rate of formation of
silver nanoparticles in time, depending on the concentration of the stabilizer (b)
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MO’KHA TIOSCHUTH (OPMYBaHHAM HaHOKIacTepiB Ag, um Ag, (miede 3a 340-360 HM),
SIKi 3 9aCOM BiTHOBITIOIOTHCS (KAaTiOHHI KJIaCTEPH) Ta ariioMepYIOThCS Y HAHOYACTHHKH.

BcranoBneHo, Mo MpUpIiCT ONTHYHOI TYCTHHN MakCUMyMYy morinHaHHS 3a 505...530
HM TIPaKTHUYHO JIHIHHUH y "aci (puc. 1, 6), 10 TOTOXHO JIiHIHHOMY 301BIICHHIO BMIiCTY
HAHOYACTHHOK y po3umHi. Lle Bka3ye Ha CTaOiMBHICTh TaKWX TMOCHIJOBHUX CTamii 3a-
TaJIbHOTO TIpoliecy pOpMyBaHHS CTaOlTi30BaHMX HAHOYACTHHOK cpibia: 1) aHomHe pos3-
YMHEHHS 3 YTBOPEHHSIM KOMILIEKCIB HOHY ApPIreHTyMy 3 aHIOHOM IoJliaKpuiaTy; 2) Bif-
HOBIEHHS Ag' 10 Aguov; 3) YTBOPEHHS HAHOKIACTEPIB Ay 3 Ao 4) armoMeparis
HaHOKJIacTepiB Ag,, y crabiiizoBaHi HaHodacTUHKK AgNPs. [IpuTtim cyTTeBHIi BIUIMB Ha
IIBUJIKICTh OJICP)KaHHS HAaHOYACTMHOK Mae KoHIeHTpauis NaPa (puc. 1, 6). Tak, 3 mia-
BUILEHHSM KoHIeHTpauii [TAP BaBiui mBuakicts popMyBaHHS HAHOYACTHHOK 3POCTAE B
TPU-4OTUPH pa3u. lle MOXKHA IOSICHUTH TaKMMHM YMHHHKAMH: 3POCTaHHSIM ITPOBIIHOCTI
PO3YMHY; MPUCKOPEHHSIM AaHOAHOTO PO3YMHEHHS cpibia; 3amoOiraHHsIM 3BOPOTHOTO JI0
IIPOLIECY BiJHOBJICHHS — AHOAHOT'O PO3YMHEHHS aaTOMIB APICHTYMY Ta aJcopOOBaHMX
Ha MTOBEPXHI EJIEKTPOIa HAHOKJIACTEPIB Y IEPioJ 3BOPOTHOTO CTPyMY.

[omepenHi pe3ynbTaTH AOCTIHKEHb AAIOTh MiJCTaBH BBAXKATH, IO CIEKTPOXiMITHO
yrBopeni AgNPs B pozunnax NaPa e chepuanumu (puc. 2). IlepeBaskHa OUIBIIICTE Mae
nmiamerp merme 10 oM. HasBHi Takox wactuHku 3 miamerpom 20...30 HM, mpoTe iX
yacTka HeBenuka. Kopensuii Mk MakcMMyMaMu CHEKTPIiB HOIJIMHAHHS Ta po3Mipamu
HAHOYACTUHOK, iX PO3MOIIOM He crocTepiraerses. Lle, MOXIMBO, 3yMOBJIEHO 0COOJIH-
BICTIO aHIOHHOTO crabimizaTtopa Pa’, sikuii cnpuunHse “nokamizaiito” AgNPs y nankax
moJiiMepHoro JiaHirora. OCTaHHIM TaKOX MOSCHIOETHCS CTAOLIBHICTh OJCPIKAHUX PO3-
YHMHIB MPOTSTOM TPHUBAJIOTO 30€piraHHsl.

VY nocniipKyBaHOMY Jialia3oHi TEMIepaTyp HE CIIOCTEpIraeThCsl YiTKOI 3aKOHOMIp-
HOCTI BIUIMBY LIbOT'0 YNHHUKA Ha MPOLEC eleKTpoximMiuHoro oxepxanHs AgNPs ta Ha ix
reomerpito. Tak, 3 migBuieHHsM Temmeparypu Bix 30 mo 40°C mBHAKICTH mpoIecy
cTpimMko 3pocrae, Tomi sk 3a 50 i 60°C Bona mpaktuaHO oxHakoBa (puc. 3). Lle, Bipo-
TiIHO, 3yMOBIICHO Pi3HMM BIUTHBOM TEMIEPATYPHOTO (haKkTopa Ha OKpeMi cTamii popmy-
BaHHS PO3UMHIB CTa01I30BaHUX HAHOYACTHHOK.

4 [ B %
5

5 e " B %
: ; i

mo, 2 Al 20 T

Puc. 2. TEM 300pakeHHSI HAHOYACTHHOK cpi0iia, eJIeKTPOXiMiTHO OJIepKAHUX
3 posumnis 4 ' NaPa. U=6 B, t=50 °C, 1 =20 xB

Fig. 2. TEM images of silver nanoparticles electrochemically synthesized from
solutions 4 g-1" NaPa. U=6V, t =50 °C, t = 20 min
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Puc. 3. YO-B cnekrpu po3unHiB
NaPa (4 r-'") micns enexrporizy
BIpOJOBX 20 XB B iHTEpBaI
temueparyp 30...60°C

Fig. 3. UV-Vis spectra of NaPa
(4 g-I'"y solutions after
electrolysis during 20 min
in the temperature range
30.. 60°C

Ancopbuia, siaH. oa.
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OTxe, miJ 4Yac €JEeKTPONi3y 3 PO3YMHHHMH aHOJaMH 3a PEBEPCHOrO CTPyMy B

po3unHax NaPa ¢opmyroTscs cepraHi HAaHOYACTHHKU po3MipoM 10 30 HM.
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The dependence of the size of silver nanoparticles and the speed of their formation by use soluble anodes

is studied. It was established that the adsorption increment of the absorption maximum at 505-530 nm is
practically linear in time, which is identical to the linear increase of concentration of nanoparticles in the
solution. It is shown that most of the silver nanoparticles obtained have a diameter of less than 10 nm.
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MOINPIKALIA ITIOBEPXHI METAJIIB I HAITIBNPOBIAHUKIB
HAHOCTPYKTYPAMU METOJAOM I'AJIbBBAHIYHOI'O 3AMIIIEHHSA

Hayionansnuii ynieepcumem «JIvgiecvra nonimexuixay, kageopa ximii' i mexmonoeii
HeopeaniuHux pewogun, ni. Ceamozo IOpa, 9, 79012 Jlvsis, Ykpaina, e-mail: gzozula@ukr.net

Cepen cydyacHHX MeTOAiB MoaM(ikaiii NMOBEpXHI HAHOCTPYKTypaMH TaJlbBaHiYHE
3aMIIEHHs PO3TJIIAIOTh SIK OJMH 13 €PEeKTUBHUX B aCHEKTi OJIepXKaHHs HOBHX Marepia-
JIiB 1 HAHECEHHS METAJIeBUX ILTIBOK a0o MiJapy IijJ rajJbBaHiuHi MOKPUTTS. SIK moBepx-
HIO (IMiIKIaKy-BiTHOBHUK) BUKOPHCTOBYIOTh METAIIM 3 BiI’€MHUMH 3HAYCHHSIMHU CTaH-
MAPTHUX EJCKTPOTHUX MMOTCHIlIalliB — MarHii, alfoMiHii, Hikellb, koOanbeT [1-3], nomgar-
HUMH — Mifb, cpibno [4, 5], a TakoX HaMIBIPOBIIHUKK — KpeMHil, repMmaniit [6]. 3a
€JIEeKTPOXIMIYHIM MeXaHi3MOM Ha TaKii MOBEpXHi (OPMYETHCI OCaa METaIy 3 HOAATHi-
M cTaHgapTHEM noteHIianoM (Cu, Ag, Au, Pd, Pt) 3a paxyHOK “reHepoBaHHX’ eJIeK-
TPOHIB Ha MikpoaHoaax. [IpoTe MBHAKICTh TaKWX PEAKIid 1 BiAMOBIAHO MOAMQIKaIlis
MOBEPXHI € 6araroakTOPHUM MPOLIECOM 1 3aliekaThb Bijl psiay YMHHUKIB. Lle ycknanHioe
KepoBaHe (OpPMyBaHHs OCajly, 30KpeMa reoMeTpil CTPyKTypHHX HOro 4acTHHOK. Tomy
aKTYaJIbHUM € BUBYEHHS 3aJI€KHOCTEH MOPQOIIOTIT 0CaPKyBaHOTO METaly Ha MOBEPXHIO
HaITiBITPOBITHMKOBOI Ta METaJeBOl IiAKIAIKH BiJl OCHOBHUX (DAKTOPIB MpOLECY ralb-
BaHIYHOT'O 3aMillICHHSI.

Meroto poboTH OyJ0 AOCIIUKEHHS BILIMBY IPHPOAM IIAKIAIKH, CKIaLy PO3YHHY,
TPHUBAJIOCTI MPOIIeCy Ha MOAN(DIKAIIiIO TOBEPXHI AIFOMIHIIO Ta KPEMHIFO HAHOCTPYKTYPO-
BaHUMH OCaJaMH Mifi, cpi0iia, 30J0Ta Ta HiKEeItO.

OcoONMBICTIO BITHOBJICHHS METANIB HA AOMIHIEBIM Ta KPEeMHI€BIH MmigkIamkax €
HASBHICTH IIUTFHOI OKCHIHOI IUTIBKH, IO YCKJIAIHIOE PIBHOMIPHHH PO3MOILT i IIiJIb-
HICTh MIKPOETIEKTPOJHHUX AIISHOK. ToMy, rajbBaHidHE 3aMillleHHS Ha TOBEPXHI ajro-
MIHIIO Ta KPEMHIO JOIIIBHO 3IIHCHIOBATH Y IPUCYTHOCTI (DIFOOPHUI-IOHIB.

BcraHoBneHO, 1O TOJIOBHOK YMOBOK (OPMYBaHHsS HaHOCTPYKTYPOBAHOTO OCay
aHAJIOTIYHO 3 EJIEKTPOJII30M € BHCOKA KaTo/AHA mosisspu3aris. [le mokasano Ha mpuKIiajii
BUKOPUCTaHHSA KOMIUIEKCiB BigHoBmoBambuux Metanis ([Ag(CN),]", [Ag(NHs),]",
[Ag(SC(NH,),),]", [AuCly], [Cu(P207),]%, [Ni(NH;)s]*") Ta cepemoBuma opraHianmux
anporoHHUX po3unHHKKIB (DMSO Ta DMF).

VY nocmipKyBaHUX pPO3YMHAX 332 HU3BKMX KOHIGHTpalili KOMIUIEKCIB Ha IHOBEpPXHI
ANFOMIHII0 (POPMYIOTBCS OCaIy 3 PIBHOMIPHHM PO3IOAITIOM CyOMIKpOHHHX i HAHOPO3-
MIpPHHAX YaCTHHOK MeTamiB (puc. 1) Ta moOporo aaresiero. Y po3unHi aMiakaTHOTO KOMII-
nexey (K, = 6,25:10°%) popmyerses nemmpurmii ocan (puc. 1, @), Toxi sk y TiokapOa-
Mmigaomy (K = 5:107'%) 3a amanoriunmx YMOB — ocan i3 cepUIHNX HAHOPO3MIPHHUX
4acTHHOK (puc. 1, 0).

3a BIJHOBJICHHS METAJIiB Ha MMOBEPXHI KPEMHIIO i3 KoMIutekcHuX i0HIB — [Ag(CN),]
(K, = 8:10%%) Ta [AuCly]” (K, = 1:10"), Bucoka CTiiiKiCTh SKHX CIPHUMHSE 3HAYHY
KaTOAHY TMOJIIPU3ALlil0, CIOCTEPIracThCs TEHJEHLIS O YTBOPEHHS HAHOYACTHHOK [0
100 HM 3 BIJHOCHO HEBEIHKHM Jialla30HOM iX po3mipiB. s cpibia xapakTepHO ¢op-
MYBaHHS AUCKPETHHUX YaCTHHOK (pHC. 2, a), sl 30JI0Ta — HAHOCTPYKTYPOBAHUX TOPY-
BaTHX ILTIBOK (puC. 2, 6).



Cexkyis 2. Ximiuna enepeemuxa ma mexniyHa e1eKmpoximis 409

oy eowen e T e o T T

EWT = 16,0007
WO 11 Emm

Puc. 1. CEM 306paskeHHs TOBEpXHi aIIOMIHIIO 31 cpibioM (a, ), HikeneM (8) Ta
MiJITI0(2) OCa/KeHHMH rajlbBaHIqHUM 3aMillleHHsM i3 posunnis [Ag(NH;),]" (@),
[Ag(SC(NH2),)2]" (6), [Ni(NH3)eJ*" (6), [Cu(P20:),]° ()

Fig. 1. SEM images of the surface of with silver (a, ), nickel (c¢) and copper (d)
sediments by galvanic replacement in solution [Ag(NH;3),]" (a), [Ag(SC(NH,),),]" (b),
[Ni(NH;)]*" (¢), [Cu(P207),]" (d)

OTxe, 31 30UTBIICHHSIM CTIHKOCTI KOMILJICKCIB, 1[0 TOTOXHO 3MII[CHHIO CTAHIAPTHO-
rO €JEKTPOJIHOIo MOTEHIIaly Yy BiJ’€MHIIIl 3HAYCHHS, CIOCTEPIraeThcsl TEHICHLIS 10
3MEHIIECHHS PO3MipiB YaCTHHOK MeTaily, IO CIpHsie MoAu(diKamil IoBepXHi alOMIiHII0
Ta KPEMHII0 HAHOCTPYKTYPOBAaHUMH OCAIaMH.

[ToxazaHo, 0 TPUBAIICTH TaTHBAHIYHOTO 3aMIIICHHS BIUIMBAE HA IIUTBHICTH 3aIIOB-
HEHH IOBepXHi minknaaku. Tomy BoHa € GakTopoM GOpMyBaHHS Ocalry 3 AUCKPETHHX
YaCTHHOK UM TUTIBKOBOTO 3 TOOPOIO aATe3i€ro A0 MigKIaIKH. 31 3MEHIICHHSM KOHIICPH-
Tpamii KOMIDIEKCY B PO3YMHI, MiABHIECHHAM X CTIHKOCTI Ta 3MCHIICHHSM TPHBAJIOCTI
MIPOIIECY CIIOCTEPIraeThCs TEHISHINSI 10 3MEHIICHHS PO3Mipy YaCTHHOK BiTHOBIIOBA-
Horo metany 10100...70 Hm.

BcraHoBIIEHO, 1110 B CEpeIOBHIIII OPTaHIYHUX allPOTOHHUX PO3YMHHUKIB raJibBaHiuHE
3aMillleHHs IPOXOANTH 0e3 nodiuHuX mpoueciB. Lle cnpusie hopMyBaHHIO HAHOYACTHHOK
OJTHODIJJHUX 32 PO3MipaMH Ta PIBHOMIPHOCTI IX pO3IO/ily Ha MOBEPXHI (puc .2).

OKpiM TOro, BHCOKOJOHOPHI BIIACTMBOCTI TAKMX PO3YMHHHKIB 3YMOBIIOIOTH yTBO-
PCHHS MOBEPXHEBUX KOMIUICKCIB Ha 3apOJKaxX BiIHOBJICHHUX METANIB, IO TaKOX MO3HU-
THUBHO BIUIMBA€ Ha HAHOCTPYKTYPHICTB OCay.
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EHT = 15.00 KV Signal A = SE1 Diatn 17 Now 2017 f— Dnte <27 Jun 2017
WD=115mm Phets Ha. = 7434 Tima 16:10:08 i :1044:08

Puc. 2. SEM-300pakeHHsI HOBEPXHI KPEMHIIO 3 0CaKEHUMH CpibioM (), 30110TOM (6)
rajpBaniyHuM 3aminteHHsM 3 0,1M (NH4)[Ag(CN),] y DMF (a) Ta 0,004M H[AuCl,] y DMSO (6)

Fig. 2. SEM images silica surface with sediments silver (@), gold (b) by galvanic replasment with
0,1M (NH4)[Ag(CN),] in DMF (a) and 0,004M H[AuCl,] in DMSO (b)
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MODIFICATION OF SURFACE OF METALS AND SEMICONDUCTORS BY NANOSTRUCTURES
BY METHOD OF GALVANIC REPLACEMENT
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The results of the investigation of galvanic replacement of metals on the surface of aluminum and silicon
in solutions of complexes and the environment of organic aprotic solvents DMSO and DMF are presented. It is
shown that the main factors influencing the sediment morphology and the geometry of metal particles are the
concentration and stability of complex ions and the duration of galvanic replacement. It was established that
with decreasing concentration of the complex in the solution, increasing their stability and reducing the
duration of the process there is a tendency to reduce the size of the particles of the reducing metal to ~100 nm.

Key words: galvanic replacement, aluminum, silicon, metal complexes, DMF, DMSO
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KOPO3IIHI BJIACTUBOCTI AMOP®HUX CILJIABIB HA OCHOBI
KOBAJIBTY JIETOBAHMX Cr I Fe B 0,3% PO3YHWHI HATPIA XJIOPUY

Jlvsigcokuti nayionanvHuil yuigepcumem imeni leana @panka,
Kagedpa Qizuunoi ma konoionoi ximii, eyn. Kupuna i Megoois, 6, 79005 Jlvsis, Yrpaina
e-mail: [boichyshyn@yahoo.com

Amop¢Hni mMeranesi ciutaBu (AMC) — 11e MaTepiali CHeniaJbHOTO MPU3HAYCHHS, SKi
XapaKTepU3yIOThCSA YHIKATBHUMH ()i3HKO-XIMIYHUMH BIACTUBOCTSAMH. Binbmiicts nero-
BaHUX aMOp(HUX CIUIaBiB MalOTh BHCOKY KOPO3iiHY CTiHKiCTh, IO MEPEBHIIYE Ha Jie-
KiJIbKa TIOPSIAKIB CTIHKICTh HEPXKABIIOYUX cTajeil. AMOPQHI CTPIYKOBi CIJIaBH Ha OCHOBI
KOOQJIbTY BUKOPUCTOBYIOTHCSI B CEPIMHUX BUPOOHUIITBAX TEJIEBI3IHHOT TEXHIKH, TpHIIa-
no0yayBaHHI. OcTaHHI po3poOKK CTOCYIOThCs Tpobnemu cTBoperHss AMC 3 mijBuie-
HOIO KaTaJlITUYHOI0 aKTUBHICTIO, 30KpeMa, B Mpolecax AOOKUCHEHHs LIKIAJIUBUX IPO-
MUCJIOBUX BUKUAIB. OJIHaK BIACTUBOCTI CIUIABIB Ta MOXKJIMBOCTI iX MPAaKTUYHOTO 3aCTO-
CyBaHHS BH3HAYalOThCS, B TEPIIY 4Yepry, CTPYKTYpOIO Ta €JIEMEHTHHM CKJIaJoM. Tak,
AMC Ha ocHOBI (epyMy Ta K0OanIbTy 3 ONM3BKOIO 10 HYJISI MAarHiTOCTPHKIIEIO, BUCO-
KOO MMOYAaTKOBOK MArHITHOK NMPOHUKHICTIO 1 HA/JI3BUYAiHO HU3BKUM pPiBHEM 11 BTpaT, €
KOHCTPYKIIHHUMH MaTepialaMu Uil BHPOOIB €NEKTPOHHOI Ta E€IeKTPOTEXHiKH. Buro-
TOBJICHHS IPHCTPOIB ENEKTPOHHO-IIPOMEHEBHX IIPUJIAJIB 3 MarHiTHOI CTPIYKH JO3BOJISIE
30UTBIINTH iX €(EKTHUBHICTH 3 OJJHOYACHUM 3MEHIIICHHSIM PO3Mipy Ta MacH.

Posmmpenns chep BuxopuctaHHi AMC 3yMOBIIOE HEOOXiTHICTH OLIHKU BIUIHBY
CKJIaJly arpeCHBHOTO CEPEIOBUINA HA 3MIHY 1X KOPO3iiHOI CTiKOoCTi. KOMITIIeKCHE BHB-
YeHHsI XIMiYHOT akTUBHOCTI amop¢Hux cruiaBiB tuny Co-Si-B 3 pisHumm nopatkamu
BU3HAYa€ JOLUIBHICTD iX eKCIuTyaTamii B Pi3HUX OOJIACTSAX TEXHIKH 1 € aKTyaJbHOIO 5K
HayYKOBOIO, TaK 1 IPUKJIAJHOIO IPOOIEMOIO.

JlociimKkeHo KOpO3iiiHi BIACTUBOCTI HAaHOLIBII PO3MOBCIOPKEHUX aMOpP(HUX CIUIa-
BiB Ha 0a3i koOambrTy HacTynmHoro ckmamy (at. %): Co7.SijgBig, CogyCr3SiigBio,
Co7s5Feq 6SigB167, CogssFes sCr3SijgBig. Koposist 3paskis AMC nocinigKyBanach enek-
TpoximiuHO y 0,3% BogHOMy pozumHi NaCl BiJHOCHO HACHYEHOTO XJIOPUACPIOHOTO
enekrpony. Jns mocmimkeHHs Oymu BuOpaHi aMop(Hi CIUIaBH Y BHTIIALI CTPIYKH TOB-
mpHOl0 40 MKM, mmprHOIO 20 MM 3 IUIOMICI0 KOHTAKTyiouoi mosepxhi 0,15 oM,
JOTIOMIKHUH eNeKTpox — uraTuHoBui. [lomsapusamis enexTpoay BinmOyBamacs B Mexax
—1,5...+1,0 B, mpu mBuaKocTi po3ropTku noreHmiary 50 mB/c.

SIk BimOMO, JIETYBaHHS METaJeBUX CIIOBIB MEPEXiIHUMH MeTaJaMH IPHBOJHUTH 10
CYTTEBOTO TIIBUILEHHS 1X KOPO3ii{HOT TPUBKOCTI B arpeCUBHUX CepeIOBHIIAX. SIK BUIHO
i3 pe3ysbTaTiB HaBeIeHUX B TaOuli, jeryBanHs AMC nuie OZHUM MEpexiTHUM Me-
TasioM, 30kpema, Cr abo Fe He mpHBOAWMTH MO MiIBHUILEHHS KOPO3iHHOI TPHUBKOCTI.
IMorenmnian kopo3ii (Ep) ycix AMC micns 100-cexyHaHOT nonsipusanii eneKkTpoaiB €
He3MIHHUM Ta cranoBuTh —0,58 B. BHacninok nosrorpusaioi nossipusanii (500 ¢) 3Ha-
yeHHs Ey,, enextponiB CosoCrsSi;sBig Ta CosssFes ¢SigBie 7 3cyBaeThest B KaTomHuii 6ik
nopiBHsHO 3 C07,S1;5B ¢ Ta cranoBmsaTs —(0,64...0,68) B. OcobnuBy yBary npuBepraroTh
cTpymu Koposii (Ip) IPU CTOCEKYHHIHN MOApU3aLii eNeKTpoy, 3HAYEHHS, IKUX 3pOC-
tatoTh (Tabmuns) y 30 ta 40 pasis mst crnasiB Coss sFeq SigB1g7 Ta CogoCrsSiisBig, Bin-
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Ta6muus. Kopoziitai xapaxrepuctuxu AMC B 0,3 % BogrOoMy po3unni NaCl
Table. Corrosion characteristics of AMA in 0,3 % solution NaCl

q Co7,8i15B1g - CogoCr38i13B 1o - CoyssFeq6Si6Bi6 76 Cogs.sFes 5CT3SilsB610
ac, ¢ : : . .
BB | Wae | FeoB | R | BB | W | BB | W
100 -0,58 0,28 -0,58 10,89 -0,58 8,10 -0,589 0,02
200 -0,561 0,18 -0,66 22,09 -0,79 11,08 -0,584 0,06
300 -0,574 0,15 -0,64 18,93 -0,68 26,78 -0,577 0,05
400 -0,579 0,15 -0,64 14,63 -0,67 14,43 -0,590 0,04
500 -0,594 0,19 -0,64 17,79 -0,68 3291 -0,587 0,02

Puc. 3anexHicTh MIBUAKOCTI OKUCHEHHS
AMC Bix "acy eneKTpOXiMigHO1 peakmii
B 0,3 % po3unni NaCl
Fig. Dependence of the oxidation rate of
AMA from the time of the

electrochemical reaction in an aqueous
0.3% solution of NaCl

1 — Co07,Si5B g, 2 — CogoCr3Si;3B 0,

T T T T T 3- C075,5Fe4,6Si6B16,7s
100 200 300 . 400 300 4 — Cogs sFes sCr3SijsBg
Yac enexTpoxiMiunoi peakuii, ¢ ’ ’

noBigHo. OnHak, cymicHa mpucyTHicTh Cr Ta Fe npuBomuTh 10 3HM)KEHHS CTPYMIB KO-
po3iiy 14 pasis. CiiJ 3ayBaXKUTH, 10 MOJIIPHU3ALlis €IeKTPOIiB B Mexkax —1,5...+1,0 B B
yacoBoMy aianazoHi 500 ¢ mpuBOIUTH IO POCTY 3HAYEHBb CTPYMIB KOPO3ii €IEKTPOIIB i3
cragiB serosanux Cr a6o Fe, 3a BifCyTHOCTI Jierylounx MeraniB 3HaueHHA L, 3MeH-
LIYIOThCS, a IPU HASBHOCTI OJHOYACHO 000X — 3aJIMINAOTHCS HEe3MiHHUMHU. Ha pucyHKy
HaBE/ICHO 3aJICKHICTh KoedimienTa b piBHsAHHA Tadens Bix gacy elxeKTpoxiMigHOI peak-
uii. BugHo, mo neryBanHg 000Ma NepexiTHIMHA MeTajJaMH IPUBOIUTH IO IiIBUIICHHS
Ta crabumizamii mBuAKOCTI okucHeHHS AMC.

Orxe, amopdHi crutaBu cuctemMu Co-Si-B-Me BOJOIiI0TE BHCOKOIO KOPO3iHHOIO
tpuBkicTio B 0,3 % posunni NaCl. IIpore BBenenns: Cr abo Fe sik jeryrounx n006aBok
MOXE CYTTEBO 3MIHHTH BEJIMYUHH CTPYMIB KOpo3ii Takux AMC.

Mariya Lopachak, Lidiya Boichyshyn

CORROSION PROPERTIES OF COBALT-BASED AMORPHOUS ALLOYS
DOPED BY Cr AND Fe IN THE 0.3% SODIUM CHLORIDE SOLUTION

Ivan Franko National University of Lviv, Department of Physical and Colloid Chemistry,
Kyryla i Mefodiya Str., 6, 79005 Lviv, Ukraine, e-mail: lboichyshyn@yahoo.com

Amorphous alloys of Co-Si-B-Me system have high corrosion resistance in 0.3% solution of NaCl. Doped
of AMA with only one metal, Cr or Fe, leads to an increase in the values of corrosion currents at 30—40 times,
and the co-presence of Cr and Fe results in a decreasing of corrosion currents at 14 times compared to the
Co07,S113By alloy. Doping with both transition metals leads to an increase and stabilization of the oxidation rate
of AMA.

Key words: cobalt-based amorphous metallic alloys, corrosion resistance, NaCl solution
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