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INPOBOAUMOCTDb AHOAHBIX OKCHUIHBIX IIJIEHOK HA
TUTAHE

HccnenoBana 31eKTpOIPOBOANMOCTE aHOTHBIX OKCHUIHBIX TUIEHOK Ha TUTAHE, MOIYYEHHBIX B Cynb(aTHO-
XJIOPUTHOM 3JIEKTPONHTE ¢ J0OaBKaMHu coneil kobanbsTa u cranyma. [lokazaHo, 4To MPUCYTCTBUE B COCTa-
BE OKCHIHBIX CIIOEB HOHOB KOOalbTa M CTAaHyMa MOBBIILAET UX MPOBOJUMOCTE. M3y4eHHbIE CHCTEMBI MO-
T'YT HaliTH IpUMEHEHHE B MEMOPaHHOM DJIEKTPOJIM3€E U BOZOPOIHON SHEPTEeTHKE.

KirodeBble cioBa: 3JI€KTpONIN3, SJIEKTPONIUT, OKCHIUPOBAHHUE, MMOTEHIIMA, IFIOTHOCTh TOKA, 3JIeK-
TPOIPOBOTHOCTb.

JIMOKCHI TUTaHa MIUPOKO HCIOJIB3YETCS B XMMHUYECKOW TEXHHKE, MPUOOPO-
cTpoeHun u MemuiuHe. OOnagas CBOWCTBaMH TOJYMPOBOJHHUKA C N-TIPOBOJIH-
MOCTBIO, JTUOKCHUJ TUTAHA SIBISETCS MEPCIEKTUBHBIM MaTePUATIOM IJiT (OPMHUPO-
BaHUS TBEPJBIX JJICKTPOJMTOB M MaTEPHANIOB, KOTOphIe O0OJaMar0T KaTaluTHYe-
CKUMU CBOWMCTBaMH. BmecTe ¢ TeM, mmpokoMy ucnoib3oBanuio 110, B KauecTBe
TBEPLOTO IEKTPONIMTA IPEISITCTBYET ero Gombioe comporusuerue (10° Om-cm)
B OTJIMYHMU OT CONPOTHUBICHUH Jpyrux okcumaoB C0304 (lO5 Om-cm), SnO, (lO4
Om-cm), Sby0s5:5,4H,0 (1,33 Om-cMm). AHanu3 CBOMCTB JUOKCHIA THTaHA U METO-
noB ero cuHTte3a [1, 2, 3] ykaspiBaeT Ha BO3MOXKHOCTH M3MEHSATh HOHHYIO TIPOBO-
JUMOCTh ImyTeM BBeAeHus B coctaB 110, okcumoB SnO, C0,03, Sb,0s5, AgO, xoTo-
pbie UMEIOT 00JIee BBICOKYIO POBOIUMOCT.

JlanHas paboTa MOCBSIIECHA WU3YYCHHUIO MPOBOJUMOCTH AHOJHBIX OKCHIHBIX
wieHok (AOII), cunaTesupoBannbix Ha THTaHe BT-0 u ero cruraBe OT-4, a takke
BJIMSIHHS Ha 3Ty BelnduHy HoHOB cTanyMa (l1) m koGanmbra. /[nokcun TuTaHa CUH-
TE3UPOBAICS DICKTPOXUMUICCKUM OKCHIMPOBAHUEM CILIABOB THUTaHA B pacTBOpax
Cynb(aTHON KHCIOTHI C HATPHU XJIOpUAOM U qobaBkamMu okcuaoB SNO; u C0,0s3.
OxcunupoBaHUE MPOBOJMIOCH B TalbBAHOCTATUYECKOM PEXHUME CTYMEHYATHIM
nogbeMoM Hanpspkerus 10 40 — 50 B B Ttewennu 0,5 — 1 gaca. [IpoBogumMocTh
AOII paccunThlBaJIaCh Ha OCHOBE HM3MEPEHUSA UX CO-IPOTHUBJICHUN B JJIEKTPOXU -
MUYECKUX SUYCHKAX, KOTOPBIC BKIFOYAIOT Pabovre 3JEKTPOIbI M3 OKCUAUPOBAHHO-

© B.I. baiipaunuii, A.A. KoBanea, E.B. Boponuna, F0.1. KoBanenxko, 2013

8 ISSN 2079-0821. Bicauxk HTY «XI1I». 2013. Ne 64 (1037)



ro TUTAHA W BCIIOMOTATENIbHBIC U3 HUKENSA, dJIeKTposik Ta — pacTBopa KySO,.
Paboune snekTpopl moABEpraad aHOJHOM M KaTOJHOM MOJSAPU3ALMNHU TUIOT-
HocTsiMu Toka 10 — 1000 MrA/cM?.
B tabmuie 1 mpuBeneHBI COCTaBBI AIEKTPOJUTOB M HEKOTOpPBIE MapaMeTpbl
OKCHJIMPOBAHUSI.

Tabmuna 1 — CocTaBbl 3JEKTPOIUTOB U HEKOTOPHIE MTapaMeTpbl OKCUANPOBAHUS

[TapameTpsl
KoHIIeHTpaLs VY nenbHO€e CONPOTUBIICHHE
No OKCHUJIMPOBAHUS
DIEKTPOIUT KOMIIOHEHTA, T OoKcHaa
n/n P U, J:10°, | T,
r/om
A B Alem? yac | Om-cm (siut.) | Om-cm (Kcrr.)
HZSO4 300 . 13 8
1 40 - 1 1 TiO, -1 1
NaCl 200 0-50 0 10, -10 3-10
H,SO,4 300
2 NaCl 200 40-45| 5-10 | 1 |C0,03-410° 2,5-10°
CO(NstO:g)z 45
H
2S04 300 SN0, - .
3 NaCl 200 35-40| 5-10 | 1 10° = 10° 2-10
SnCl, 8 '

Ha puc. 1 (a) moka3aHbl BOJbTaMIICPHBIC KPUBBIC OKCHIUPOBAHUS CILIABa
OT-4 B cyiab(haTHO-XJIOPUIHOM 3JIeKTpoiuTe 0e3 100aBok (kpuBas 1) u ¢ g00aB-
kamu okcuioB C0,03 (kpuBas 2), SNO; (kpusas 3).

Ha puc. 1 (0) moka3ana kpuBas okcuaupoBanus mnopucrtoro tutana (BT-0) B
3TOM IJIEKTPOJIUTE O6€3 100aBOK.

45 -
U.B 40

60 0 100 200 300

J. MA/cMm? 1. MA/cM

a 0
Puc. 1 — BoaprammneporpammMbl okcuanpoBanus cruiaBa Turana OT-4 (a) u mopucroro Tu-
taHa (0) B anektposute HaSO4 — 30 %, NaCl — 20 %: 1 — 6e3 n06aBok, 2 — ¢ mobaBkoit C0,0s,
3 — ¢ no6askoii SnO;.
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KpuBsie okcuaupoBaHus XapaKTepHU3YIOTCS ABYMSI y4acTKaMH, OMpPEaelisio-
IIUMU COCTaB U CTPYKTYPY POPMUPYIOMINXCSI OKCHUIOB TUTAHA.

[lepBblli y4yacTOK — HayajgbHas CTaJus OKCUJIMPOBAHUS C 0Opa3oBaHUEM
CILJIOITHOM OapbhepHOM IJICHKU OKCHJIA MPH IUIOTHOCTSIX Toka 1 — 15 MA/cM?. Ona
COMPOBOKJAETCS BBICOKOM CKOPOCTHIO POCTa HAMPSDIKEHUSI C JOCTHMKEHUEM Ha-
MpsKEHUS TPO00S ¢ MOCIEYIOMKUM 00pa30BaHUEM KPYHHBIX 1e(EKTOB U BbIEIE-
HUEM KUCJIOpoa.

BTtopoii yuacTok KpuBOil — HHTEpBaJ MJIOTHOCTEH Toka 15 — 50 MA/cM?, npu
KOTOPBIX JOCTUTAETCS MAKCUMaJIbHOE HAMPSHKEHUE OKCUANPOBAHUS B TEUEHUE HE-
CKOJIBKUX CEKYH]I.

OTO HampsiKEHUE OMpEAesieT BOJBTCTATUUECKUM PEKUM OKCUAUPOBAHUS U
MIPU €ro CTa0WIU3AIU ¢ TEYCHUEM BPEMEHHU TIOTHOCTh TOKA MOCTENEHHO CHUXA-
€TCsl B 3aBUCUMOCTH OT JAe(EKTHOCTU OKCUHOM MIICHKHU, O BEJIMUYUH COCTABIISIO-
nmx 1 + 10% oT nepBOHAYAIBLHOTO 3HAUYCHUS.

Pexxum okcuaupoBaHus, NPUPOJA SJAEKTPOIUTAa U BHUJ CIUIaBA OMPEACISIOT
CBOMCTBA OKCHUJIHOTO CJIOS, B&XKHEHIIUM M3 KOTOPBIX €CTh €r0 MPOBOJAUMOCTh. Ee
MOHO YBEJIUYHUThH BBEJECHUEM B COCTaB (JOPMUPYIOIIETOCS OKCUA 100aBOK C BBI-
COKOHM MPOBOJAUMOCTBIO.

Takumu 100aBKaMu MOTYT OBbITh OKCUABI KOoOajbTa M cTaHyma. VX BiausiHue
OLICHUBAJIOCH MyTeM aHaJu3a CONPOTHBIICHHS OKCHIHBIX IUIeHOK T10,, paccuu-
TaHHBIX HA OCHOBE IMAJICHUS HAIPSHKESHUS MEXIy aHOJIOM U KatoaoM [4] BoibTaM-
NEPHBIX aHOJHBIX U KATOJHBIX XapaKTEPUCTUK, IPUBEICHHBIX HA PUC. 2.

U,B 25 1
20

15

200 400 600 800 1000
1, MKA/CcM?

Puc. 2 — BospTammnepHble 3aBUCUMOCTH AWOKcHIa TuTaHa B pactBope KySO4 — 5 %:
1, 2, 3 — a"omusle 3aBucumocty; 1', 2', 3' — karomuble 3aBucuMocty; 1, 1' — 6e3 100aBok; 2, 2' — ¢
nobaskoit Co,03; 3, 3' — ¢ modaskoit SnOs.
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N3 3Tx 3aBUCUMOCTEN BUIHO, YTO MAJCHUE HANPSKCHUS HA STYCUKE JIOKAIU-
3yeTcsl MPEUMYIIECTBEHHO Ha aHOJIE.

Hamnpsixenne Ha sueiike U, oGecnieunBaeTcst moTeHIIMalaMu aHoia E, u kaTo-
na Ey, nonsgpusanueit aHoaa 1, U KaToa 1, NaJeHUEM HAIIPSKEHHS B DJIEKTPOJIUTE
I'R,, mageHnem HampspkeHus B npoBogHHMKax 'R, mageHunem HampskeHHs B OK-

cunHoi TeHke |Rg.. Bennmunna U, onpenensieTcst ypaBHEHUEM:
U;z: Ea' Ek+ Na - Tk + I'R3+ IRnp + I'ROKc-

[Ipy ManbIX MIOTHOCTSAX TOKA W MOJISIPU3AIIMU AJIEKTPOJOB, KOT/Aa 3JIEKTPO-
XUMUYECKHE PEaKIMU Ha 3JEKTPOJax OTCYTCTBYIOT, U3MEHEHHE MOTEHIMala Ha
KaToJle U MaJCHUs HAMPSHKEHUS! B AJEKTPOIUTE COCTABISIOT HE3HAUUTEIbHYIO Be-
nuunHy, a umeHHo 10 — 50 MB u 10 — 20 MB cooTBeTCTBEHHO.

Benmmuunel snexkTpoaabix noteHnuanos E; = 0,5 B, Ex = 0,1 B.

[Tanenne HanpsbkeHus B nposoguukax IRy, = 0,01 B.

Takum 00pa3zoM, HaNpsHKEHUE Ha STYEHKe COCTaBIIsCT.
U}l: (Ea_ Ek+ Na — Tk + I'R3+ IRnp) + I'ROKC;
U, =05+ 'Ry

Bennuuna mageHuil HampspKEHUS, BKIIIOYAIONMIAs MOTEHITMABI AJIEKTPOJIOB,
CONIPOTHUBIICHHUE AJIEKTPOJIUTA U TPpoBOAHUKOB coctasiser 0,47 + 0,5 B.

[ToaTOMy CONMpPOTHBIIEHHE OKCUIHOM IMJIEHKU MOXHO BBIPa3UTh B BUE COOT-
HOIIICHUS .

Rowe = U, /1.

Ha puc. 3 npuBeneHnl 3aBUCHUMOCTH COMPOTHBJICHUS AHOJHBIX OKCHIHBIX
IIeHoK Ha cruiaBe tTutaHa OT-4 ¢ BkiIroyeHHEM B ero cocraB okcuaoB C0,03 u
SnO;,, U3 KOTOPBIX BUAHO, YTO MPUCYTCTBUE ITUX COCAMHEHUN YMEHBIIAET COMpPO-
TUBJICHUE OKCUIHBIX IUICHOK.

ComnpoTuBIeHHUE OKCUAHBIX MMIEHOK ToimuHod 10 — 15 MKM, MOJy4eHHBIX

anekTpoan3oM ¢ go6aBkamu SN0, wu  C0,03, cocTaBmsieT BEIUYUHBI
(2 +2,5)-10" Om-cm.
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Puc. 3 — Biusnue no6aBok okcunoB C0,03 u SNO, Ha yaenbHOE CONMPOTHUBIEHHE OKCHU-
HBIX TUIeHOK T10;: 1 — 6e3 no6aBok, 2 — ¢ gobaBkoit C0,03, 3 — ¢ no6aBkoit SNO;.

OTU JTaHHBIE YKa3bIBAIOT HA PEAIbHYI0 BO3MOKHOCThH YBEIWYEHUS MPOBOJIH -
mMoctu T10; U UCTIOIB30BAaHUE €T0 B KAUeCTBE TBEPIOTO JICKTPOIIHTA.
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Hocnigxena eneKTponpoBigHICT, aHOAHUX OKCHIHMX IUIIBOK HA THTaHi B CyJb(aTHO-XJIOPHUIHOMY
SNIEKTPOJIITI 3 HOMILIKaMHu colieil kobanbTy Ta cranymy. [lokasaHo, 110 IPUCYTHICTD B CKJIaAi OKCUIHUX
mapiB OHIB KoOabTa i cTaHyMa MiABUIIYE iX MPOBIIHICTE. JOCTHiAKEH1 CHCTEMH MOYKIINBO BUKOPUCTATH
B MEMOpaHHOMY €JIEKTPOIi3i Ta BOAHEBIH eHepreTULli.

KurouoBi ciioBa: enekTpomis, eneKTpoiiT, OKCHAYBaHHSA, MOTEHIIa], TYCTHHA CTPYMY, €JIEeKTpO-
MIPOBIIHICTb.

Investigated the electrical conductivity of the anodic oxide films on titanium in the sulfate-chloride
electrolyte with the addition of cobalt and stanum’s salts. It is shown that in the presence of cobalt oxide
layers and stanum increase their conductivity. The systems studied may find use in membrane electroly-
sis and hydrogen energy.

Key words: electrolysis, the electrolyte, oxidation, potential, current density, electrical conductiv-

ity.
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