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ELECTRODE PROCESSES WITH POTENTIALS
OF ACTIVE DISSOLUTION OF IRON

Abstract. The electrochemical activity of products of anodic reactions in the region of potentials of active
dissolution of iron in a solution of 0.3 M Na,SO, was established by cyclic voltammetry on a compact disk iron
electrode (Cr.3). It is shown that the appearance of two maximums on cathode voltammetric curves can be
associated with the successive reduction of oxide layers of iron. The effect of pH, initial potential, potential rate,
rotation speeds of the disk electrode on the products of reduction of iron oxide compounds was studied. On the basis
of the experimental data, it is concluded that the appearance of cathodic current maximums on the cathode part of
the cyclic current-voltage curves is determined by the rate of the potential. Thus, at a potential rate of 10 mV /s, a
single current maximum appears on the cathode curves, and at higher values of the potential rate (Vp > 30 mV / s)
two distinct current peaks are observed. It is concluded that the appearance of these current peaks is due to the
electroreduction of iron (II) hydroxide compounds with different composition of the internal coordination sphere to
iron (0).

Key words: iron electrode, voltammetry, initial potential, potential rate, pH, iron hydroxide compounds.

VIIK 620.197; 541.13.
B.H. Cranwk, JI.A. ®oreasn, C. AiiT, A. bojna

AO «MHCTUTYT TOINMBA, KaTtanu3a u snekTpoxumun um. JI.B. Cokonsckoro» Anmatsl, Kazaxcran

JJEKTPOJAHBIE ITPOLECCHI B OBJIACTH IOTEHIIUAJIOB
AKTUBHOI'O PACTBOPEHUSA KEJIE3A

AnHoTanus. MeTooM IMUKIMYECKOH BOIBTAMIIEPOMETPHH Ha KOMITAKTHOM IMCKOBOM JKEJIE3HOM JJIEKTPOJIE
(Ct.3) ycTaHOBIIEHAa 3JEKTPOXUMHYECKAs] aKTHMBHOCTH MPOAYKTOB aHOTHBIX PEAKIMH, 00pa3yIoMmHuXcs B 00JIacTu
MOTEHINAJIOB aKTHBHOTO pacTBopeHus xkene3a B pactBope 0,3 M Na,SO,. Ilokazano, 4To mosBICHHE ABYX MaKCH-
MyMOB Ha KaTOIHBIX BOJIETAMIIEPHBIX KPUBBIX MOXET OBITH CBSI3aHO C ITPOIECCaMH IOCIEI0BAaTEIEHOIO BOCCTAHOB-
JICHUST OKCHIHBIX CJIOeB Jkeyie3a. V3yueHo BinusiHue pH, HayalbHOrO MOTCHIMANA, CKOPOCTH Pa3BEPTKU IOTCH-
I[HAJIOB, CKOPOCTEH BpaIlCHUs JHUCKOBOTO 3JEKTPOJA HA MPOAYKThI BOCCTAHOBJICHUS OKCHIIHBIX COCTUHCHUH XKe-
ne3a. Ha ocHoBanuu MOJYYCHHBIX SKCIIEPUMCHTAJIbHBIX JaHHBIX CACJIaH BbIBOJ, YTO MOSABJICHUE Ha KaTO[lHOﬁ qyacTu
MUKITHYECKIX BOJBTAMIICPHBIX KPHBBIX KAaTOJHBIX MAKCHMYMOB TOKa OMPEICIAETCS CKOPOCTBIO Pa3BEPTKU MOTECH-
nuana. Tak mpu CKOpoCTH pa3BepTkH moTeHnuana 10 MB/c Ha KaTOMHBIX KPUBBIX MOSIBISETCS CIUHCTBCHHBIN
MaKCHMyM TOKa, a Ipu 0oJiee BBICOKMX 3Ha4YeHHMsX cKopocTel pazsepTku (V> 30 MB/c) HabmronaroTcs 1Ba YeTKO
BEIpQKEHHBIX MaKCHMyMa Toka. CIieliaH BBIBOJ, YTO IIOSBICHUE ATHX MaKCHMyMOB TOKa OOYCIIOBIIEHO 3JIEKTPO-
BOCCTAaHOBJICHHEM TUAPOKCHIHBIX coenmHeHni skene3a (II) ¢ pa3HBIM cocTaBOM BHYTpPEHHEH KOOPIMHALIMOHHON
chepnr no xenesa (0).

KiroueBble cjI0Ba: jKeIe3HBIN 3JIEKTPOJ, BOIBTAMIIEPOMETPHSI, HAYaJIbHBIN ITOTCHIIHAN, CKOPOCTh Pa3BEPTKH
nmoTeHImana, pH, THApOKCHIHBIE COeTNHEHNS KeTe3a.
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HecMmotps Ha TO, 4TO KHHETHKY aHOJHOTO PACTBOPEHUS JKelle3a UCCIEAYIOT YXKe B TeUeHHUE MHOTHUX
JEeT, Cy)XXIeHHe O MEXaHH3Me OJTOTrOo IIpollecca HE SBIAETCS OJHO3HAYHBIM. HamMeHee u3ydeHO
JNIEKTPOXUMHUYECKOE MOBEJIEHHE Kelle3a B HEHTpanbHBIX M ONM3KHX K HEHTpalbHBIM pacTBOpax, B
pe3yibTaTe Yyero MMEIOLINEcs B JUTEPaType CBEACHHS BO MHOTOM NMPOTHBOpe4HBHl. OIHON M3 MPUYHH
TaKOTO TOJIOXKEHHSI MOXKET OBITh HE TOJBKO HaJMuMe CTaOWIBHBIX OKHUCIEHHBIX (opM xkene3a Fe(OH),,
vFe,0;, YFeOOH u Fe;O4 Ha MOBEpPXHOCTH, HO M IPOIECCH THAPOJIN3a, MPOTEKAIOIINE BO BPEMCHH C
yuactueM uoHoB Fe (II) m Fe (III), mpuBogsmme Kk o0pa3oBaHUIO MOJMMEPOB, TejeoOpa3oBaHUIO,
JIETUPATAIH, OCAXICHUIO OKCHIHO-THIPOKCHUIHBIX COCTUHEHHUN, COCTaB U CTPOCHUE KOTOPBIX MOTYT
M3MEHATHCS B MIMPOKUX mpenenax. llodToMy kiacchyeckuii crmoco0 yCTaHOBIIGHHS MeXaHW3Ma
pacTBOpeHHs Kelle3a, OCHOBAHHBIM Ha aHanmu3e Ta(elneBCKMX HAKIOHOB aHOIHBIX YYacTKOB b, B
COBOKYNHOCTH C OIIpeJe/ieHHeM TMOpsAKa IO HOHaM BOJOPOAa, HE MOXET OBITh HCIIOJIb30BaH.
OTCYTCTBYIOT OJHO3HAYHBIE CBEICHUS O TOM, KaKHe COeIMHEHHs 00EeCIIeYMBAIOT TACCHBHOE COCTOSIHHE
JKene3a M 0 CTPOSHUH MAaCCUBHPYIOIIEH TUIEHKH Ha MTOBEPXHOCTH JKee3a.

B pa6orax [1-3] ycraHOBIIEHO, YTO MACCUBHOE COCTOsIHUE *kele3a obecneunBaroT Fe(OH), u yFe,0;,
a obpazoBanue YFeOOH npuBoauT K OCIIaOIEeHUIO 3aIIUTHBIX CBOWCTB IUICHKH, Tak Kak YFeOOH moxer
BOCCTaHaBIMBAThCA 10 Fe;0,4, He o0iramaromiero 3anMTHRIMA XapakTepuctukamu. Omxaako, B padore [4]
MPUBOAUTCA TPOTUBOIONOKHAA TOYKAa 3pPEHUs, COIJIaCHO KOTOpPOW MAcCCHBHOE COCTOSIHME Kelle3a
00yCIIOBIIEHO HaMYMeM Ha ero nmoBepxHocTH okcuna Fe;O4. CylecTBYIOT JaHHBIE U O TACCUBUPYIOMICH
crmocoonoctrr FeO [5]. Tlo Bompocy O CTpOEHWH NACCHBUPYIOIMICH IUICHKH Ha JKEJIe3€ HMEIOTCS JIBE
OCHOBHBIE TOYKH 3peHusi. COTacHO OJHOM W3 HUX Ha MACCHBHOM jKele3e GOPMUPYIOTCS ABa OKCHUIHBIX
clos: CIOHM, KOHTakTHpyroumii ¢ pactBopoMm YFe,Os; u cnoli, koHTaktupyroumii ¢ MeramioMm Fe;Oy4
(marnetut) [6]. Ilo BTOpoii Momenu (OAHOCIIONHOWN) TpeAroNaraeTcs, YTOo Ha TACCHBHOM JKeJe3e
obpasyercss cmoit okcuma [7, 8]. IlaccuBupyromue IUIEHKH Ha JKele3e¢ B 3HAUYUTEIBHOM CTETICHU
THIIPAaTUPOBAHBL, YTO CKA3bIBAETCS Ha MX CBOMCTBAX [9-13]. ABTOpPHI mOKa3aiiu, YTO OCHOBHAS YacTh BOJBI
COJICP)KUTCS B TOBEPXHOCTHOM CJIO€ W €€ KOJHYECTBO YMEHBINAETCS C YBEJIMYEHHEM IIOTEeHIHANa
(hopMupOBaHUS IJICHKH ¥ BPEMEHH BBIICP)KUBAHUS TP JAHHOM TTOTSHIIAAJE.

Bonbiioe 3HaueHne Mpu 3TOM OTBOJHUTCA COCTAaBY M MPHUPOJIE PACTBOPOB, B KOTOPHIX MPOTEKAIOT 3TH
peakiun. YCTaHOBJICHO, YTO BBEJCHHE B PacTBOp HOHOB SO4* CHIDKACT comepkaHHe BOAbI B 2,8 pasa.
CesizanHas Boma kak B (dopme SO,>, Tak u OH  sBisieTcst TOHOPOB BBHICOKOMOIBHKHBIX HPOTOHOB,
KOTOpBIE HapsAAy C APYTHMH HOCHUTEISIMM 3apsSA0B MOTYT NMPHUHHUMAaTh y4acTHE B Ipolieccax NepeHoca
3apsiia, MAYMHAX HAa POCT M BOCCTAaHOBJICHHE IUICHKH, a TakKKe Ha BHEIIHHE OKHCIHTENbHO-
BOCCTAaHOBUTENbHBIE peakiuu [14-15].

B cBsi3u ¢ BBIIEN3NOKEHHBIM BKHOE 3HAUEHHE OTBOAMTCS Pa3pabOTKe HOBBIX METONIOB, KOTOpEIE
Mo3BOMIMIM Obl Ha 0oJiee BBICOKOM YpPOBHE BBUICHUTH MEXaHM3M DPAacTBOPEHHs jKeneza, oOpa3oBaHHE
MPOMEXKYTOUHBIX COCIMHEHHI Xelie3a C KOMIIOHEHTaMH pacTtBopa. s yCTaHOBIEHHS peaKIMOHHON
CITOCOOHOCTH 00pPa3yIOMMXCs Ha MOBEPXHOCTH 3JIEKTPOIa MPOAYKTOB Peakini Hanbonee 00bEKTHBHYIO
WHQOPMAIHIO MOXHO IMOJYYHTh C IMIOMOIIBI0 HECTAIIMOHAPHOTO (in Situ) 3IEKTPOXUMHUYECKOTO METOMa
(XpOHOBOJILTAMIIEPOMETPHS) C MIMPOKAM HHTEPBAJIOM CKOPOCTH pa3BEpTKU MOTEHIMajda B 00JacTu
MOTEHITNAIIOB aKTUBHOTO PACTBOPEHUS XKele3a. B 3THX ycIoBHAX Ha MOBEPXHOCTH JKEJIE3HOTO 3JIEKTPOo/Ia
MOTYT OBITh 3aMKCHPOBAaHBI COCAMHEHWS JKejle3a, OTJIMYaIoIuecs OOJbIINM pa3HooOpasueM
KOOPIMHALMOHHON cephl, B COCTaB KOTOPOH MOTYT BXOAWTH Kak aHMOHBI OH', Tak m aHMOHBI pa3HOU
pupo bl HeOy(hepHBIX U OyhEepHBIX (POHOBBIX IEKTPOIHUTOB.

IKCcNepruMeHTAJIbHAN YaCTh

Huknudyeckne BOIbTaMIIEPHBIE KPUBBIE OBUIM IONyYEHBI ¢ TIOMOLIBbIO MoTeHnuoctatoB Gamry 3000
(CIIA) u Autolab (Hupmepmanamsi) B TEpMOCTaTUPOBAHHOW JIIEKTPOXMUMHUYECKOW sueiike. Pabouum
JMEKTPOIOM CITyXKHI IHCKOBBIH Jkeesusiii smekrpon (CtT.3) ¢ Buammoil moBepxHocThio 0,03 cM’. B
KayecTBe BCIIOMOTAaTEIBLHOTO 3JIEKTPOJia HCIONb30BATIN IUIATHHOBBIM 3JEKTPOA ¢ OONBIION BUIUMON
MOBEPXHOCTBIO, MPEBOCXOMSIIECH MOBEPXHOCTh JKENe3HOro »iekTpona Oomee wem B 100 pas.
[lpuBeneHHble B CTaTbe TMOTCHIHAIBl W3MEPSUIH OTHOCHUTEIEHO XJIOPCEPEOpPSHOTO JIIEKTpoJa B
HaceimenHoM pactBope KCI ¢ morenmuanom 196 MB oTHOCHTENnEHO BOmopomHOTo »iekTpoxda. llepen
CHATHEM UUKINYECKUX BOJBTAMIICPHBIX KPHUBBIX ITOBEPXHOCTH IUCKOBOTO KEJIE3HOTO JIIEKTPOJa
OOHOBIISIITM € TIOMOIIBIO a0pa3WBHBIX MAaTEPHAJIOB C MOCIEAYIONINM MPOMBIBAHUEM IUCTUIIMPOBAHHON
BOJIOH.
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Ha pucynke 1 mnpuBefeHBI IMKINYECKHE BOJBTAMIICPHBIC KPUBBIC HAa KOMIIAKTHOM JHUCKOBOM
JKeJIe3HOM dJIeKTpoze 0e3 Bpamenus B pactBope 0,3M Na,SO,4 ¢ pH=5,9 B nHTEpBaje MOTEHITHAIOB OT -
0,3B 1o -1,2 B.

[, mA LmA

1

0.5

04

a

Pucynoxk 1 - Llukiandeckue BOIbTaMIIEPHBIC KPUBBIE Ha )KEJIE3HOM JICKTPOC
B 0,3 M Na,SO4 pH =5,9 (a) u pH=3,0 (6), En=-0,3, Ex=-1,2;

lukmudeckne BoIbTaMIIEpHBbIE KpUBBIE (DUKCHPOBAIM CIEAYROIUM o0pa3oM. BHawane ObUIH
MOJYYEHbl KaTOJHBIE BOJBTAMIIEPHBIC KpPUBBIE OT HadalmbHOTO moTeHiuana E,=-0,3B no xonewHoro
norennuana E,=-1,2B. [To goctmxenuto noreHuuana E, HanmpaBieHne pa3BepTKH MOTEHIMANA U3MEHUIN
Ha TPOTHUBOIONOXHOE A0 moTeHnuana E=-0,3B. Takas depemyromascs KaTOIHO-aHOAHAS TOJSAPU3ALIUS
KEJIE3HOTO JJIEKTPOJIa B HCCIEAYEMOM pPacTBOpE TIO3BOJMIA CHATh NHKIMYECKHE BOJIbTaMIIEpHBIC
KpuBble. B 3THX ycnoBusix kpusbie 2-7 (pucyHok 1 a,0) ObuIM MmoNy4YeHbl 6e3 OOHOBJICHHS TIOBEPXHOCTH
JKEJIEe3HOTO d3JNeKTpoAa. Ha KaTomHOW dYacTH UWKIMYECKHX BOJBTAMIIEPHBIX KPUBBIX B OOJACTH
nmoTeHnmanoB ot -0,85 1o -1,05 B Habmomaercst 4eTko BRIpaKEHHBINH MakcuMyM Toka (A) mpu E=-0,95B
(pucyHok la, xkpuBas 1). C yBenu4eHHEeM 4YMcia IUKIOB BEJIMYMHA TOKa MakcuMmyMa (A) pacTter, a ero
MOTEHIHAI CMeIaeTcs B o0nacTb Oojiee OTpUIATENBHBIX 3HaueHWH moTeHImanta. Ha aHomHo# uwacTtu
UKIMYECKAX BOJBTAMIIEPHBIX KPHUBBIX B oOmactu moreHiuanoB ot -0,83 B mo moreHmmanoB Hadama
MOHHU3AINN JKEJIE3HOTO DJJIEKTpoAa B HCCiIemyeMoM cynbdaTHoM pactBope (pH=5,8) nabmomaercs
HeOompIas BoHA. BennunHa npeAenbHOro ToKa 3TOM BOJHBI CUCTEMATHYECKH yBEIMUUBACTCS 110 MEpe
MOCIIEIOBATENILHOTO IUKITUPOBAHMSL.

O6pammaet Ha ceOs BHUMaHHE TO 00CTOSATENBCTBO, UTO B pacTBope 0,3 M Na,SO, ¢ pH = 3,5 pucyHok
16 (xkpuBble 1-7) Ha TepBOW KPHBOH, NONY4YEHHOH Ha >KEJIIE3HOM DIEKTpoJie C OOHOBJICHHOMN
MOBEPXHOCTBI0, OTCYTCTBYET XOPOLIO BHIPAKEHHBIH MakCUMyM (A), XapaKTepHBIH A7l BOJIbTAMIIEPHBIX
kpuBelX ¢ pH >3. Bmecto emmacTBeHHOro MakcmmyMa (A) (pucyHok 1 ©) Ha KaTOMHOW BETBH
HaAOI0A0TCs /IBa MOJIOTMX Makcumyma, nepesiii ¢ E=-0,95 B, a Btopoit ¢ E=-1,05 B (pucynox 16
(xpuBas 1). ITo Mepe nocinenoBaTeNbHOIO CHATHS HUKINYECKAX BOJIBTAMIICPHBIX KPUBBIX BETMYMHA TOKA
MepPBOro MakcuMyMma pacteT 0Oe3 M3MEHEHHs ero moTeHnuaia (kpuBble 2-7). Haumnas ¢ kpuBoit 4
(pucyHoK 10) BMecTO IBYX MaKCHMyMOB Ha BOJBTAMIIEPHONW KPHUBOW HAONIOMACTCS €IMHCTBEHHBIM
MakcumMyMm Toka ¢ E=-0,95 B. Ha anogHO# 9acTu ITUKINYECKOW BOJBTAMIIEPHON KpHUBOW HAOIIOIACTCS
eauHCTBeHHBIH MakcuMyM (B) ¢ E =-0,55B (pucynok 16 (kpuBsie 1,2). OqHako ¢ yBeIwueHHEM YHCIA
IIUKJIOB BETWYMHA TOKa Makcumyma (B) moHmkaeTcs, TOCTHUTas TMOCTOSHHOTO 3HA4YCHHS (PUCYHOK 10,
KpuBbsle 6,7). Ilpu Oornee oTpuUIATENBHBIX IMOTEHIIMANAaX Ha AHOJHOW YacCTH KpPUBBIX HabOmomaercs
HeOoJbIas BOJHA, HaYaIbHBIN moTeHIman koropoii E=-0,78 B. BenuunHa TOka 3TOI BOJIHBI 1O Mepe
IUKINpOBaHus pacteT (pucyHok 10, kpusble 3-7). [losBnenne makcumyma (B) Ha aHOIHBIX BOJBTaM-
MEPHBIX KPUBBIX MOXKET OBITH 00YCIIOBICHO HOHH3ALMEH JKEJIE3HOTO IEKTPoIa ¢ 00pa30BaHUEM THAPOK-
CHJIHBIX COCJMHEHUH KeTe3a.

CrnemyeT OTMETHTH, YTO TpPH H3MEHEHWH THIPOAMHAMUYECKHX YCIOBHHM 3KCIIEPUMEHTa ITyTeM
YBEIMUYEHHsI CKOPOCTH BPAIICHUS AMCKOBOTO DJIEKTPOAA BEIHMYMHA TOKa MakcuMyMma (A) mOHMXKaeTcs, a
npu ckopoctd BpamieHust Oonbime 100 o0/MUH HaOMIOAaeMBbIE MaKCHMYM IPAaKTHYECKH HCUE3aer.
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CxonHBIC SBJICHUS MPOUCXOJAT NMPU M3MEHEHWH BEIUYHHBI TOKA aHOMHOW BONHBEL Clemyer OTMETHTb,
YTO MOAOOHBIC SBICHHUS HMEIOT MeCTO B IupokoM uHTepBasie pH ot 3,0 10 6,0.

st BBISICHEHUS BIMSHUS HAYaJbHOTO IMOTeHIMana E, Ha BenwunHy TOKa Makcumyma (A) m ero
MOTCHI[MAJIa OBUIM TOJNYYEHBI IUKIMYECKUE BOJHTAMIICPHBIC KPHUBBIC NPHU PA3IMYHBIX 3HAYCHUSIX
HayaJbHOTO MoTeHuuaida B uHTepBaje oT -0,3B mo -0,5 B ¥ HOCTOSSHHOM 3HAYEHUU KOHEUYHOTO
noternuana E,=-1,2 B (pH=5,9) (pucynoxk 2).

[k,mA “EwB
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0351 " -l
P e n ~.
0.30 0 0.975} '
025t "
n
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020t
0,15 \ 0.965 F
o10f
-
0,960
005}
L = — il -
0.00F L L I L B pesst I 1 I 1
030 035 .40 045 050 g 0,30 0,35 0.40 045 -EnB
a 0

Pucynok 2 - i3meHeHHe Toka MakcMMyMa Toka (A) U moTeHIuana Mmakcumyma (B)
OT HaYaJILHOTO MOTEHIMAaNa skese3Horo 3iexrpoaa B 0,3 M Na,SOy (1 uuki)

M3MmeHeHne BeTUYMHBI TOKa MakcUMyMa (A) OT HayalbHOTO MOTEHIMANA IPEACTABICHO Ha PUCYHKE
2a, a u3MeHeHHe MoTeHuana Makcumyma (A) ot E, mpuseneHo Ha pucyHke 20. CoriacHo pUCYHKY 2a
MIpU CMEIeHUH HadabHOTo noTeHuana E, ot -0,3 no -0,4 B mabmiogaeTcst yBenuueHHEe TOKa MAaKCUMyMa
(A), xoTopbIil mocTuraet MmakcumanbHoro 3HaueHus 330 MxA npu E, =-0,4 B. [Ipu Gonee oTpunaTeasHbIX
3HayeHHusx E, BeIMYMHA TOKa 3TOT0 MaKCMMyMa MOHMXaeTcs U NMpakTH4ecku ucuezaer npu E,=-0,5 B.
CornacHo pUCyHKY 20 U3MEHEHHe MMOTeHIInana MakcuMyMa (A) OT BETMUMHBI HAaYaJIbHOTO NoTeHInana Ey
MMEET CJIOXKHYIO 3aBHUCHUMOCTH, JIOCTHTass MakcuMmanbHOro 3Hauenus -0,98 B mpu E,.- -0,4 B. Omnaxo,
nanbHewIee cMenienne E, B o0yacTh oTpuiiatenbHbix noreHiuanos E; < -0,4 B npuBoauT k oOpaTHOMY
s¢dexTy — noTeHnmuaa MakcuMymMa (A) cMeraeTcs B 001acTh 00ee MOJOKUTEIbHBIX 3HAUCHU.

WuTepecHo 6s110 npocneants Biusaue pH pactsopa 0,3 M Na,SO, Ha BenTHYHHY TOKa MakCUMyMa
(A) m ero morenmman ot pH wuccrmexyemoro pactBopa. 3aBUCHMOCTh W3MEHEHHSI BEIWYMHBI TOKa
MakcuMmyMma (A) ¥ 3HaYCHHUE ero MOTEHIMAaa MPUBENEHBI Ha pucyHke 3. CoriiacHO pUCYHKY 3 BeIWYMHA
TOKa MakcuMyMma (A) rocTuraeT MakCUMajbHOTO 3HaueHus B uHtepBane pH 3,5+4,0. Ognaxo npu G6omee
BBICOKHX 3HaueHHsX pH BenmmunHa MakcuMyma (A) 3aMETHO MOHMXKAETCS, YTO MOXET OBITh CBSA3aHO C
MOSIBJIGHUEM Ha TOBEPXHOCTH KEJIE3HOTO 3JIEKTPOJa THAPOKCHUAHBIX COEIMHEHMH JKele3a C III0XO
BBIPAKEHHOM 3JIEKTPOXUMHUYECKON aKTHUBHOCTBIO.

B ommiuny ot BeMYMHBI TOKa MakcuMyMa (A) B 3aBUCHMOCTH OT pH, BeM4MHA ero MmoTeHIuMana ¢ poc-
ToM pH mpakTHYECKH MOHOTOHHO CMEIIaeTcs B 00JIACTh OoJiee OTPUIATEIBHBIX 3HAYCHUH, YTO MOXKET
CBUJICTENILCTBOBATh 00 yBenmueHuu cojsiepxannss OH B koopIuHAIMOHHOH cepe THIPOKCOKOMILIEKCOB

JKeJIe3a.
-Em,B
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Pucynok 3 - M3meHenne MakcuMyMa Toka (A) 1 moTeHnpana Makcumyma (B)
ot pa3ubix pH Ha xenezHom anexrpone B 0,3 M Na,SO4 (1 nuki)
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[TonmyyeHHbIe SKCTIEpUMEHTAJIbHBIE NaHHbIE O BIUAHUM pH B uccienryeMoM HHTEepBalie M HAYaIbHOTO
NOTEHIMAa Ha BEJMYMHY TOKa KAaTOTHOIO MakcumyMa (A) B cyiab(haTHOM pPacTBOPE COIJIACyeTcs ¢
JMAaHHBIMU paboThl [16], aBTOpBI KOTOPOM H3y4ald MEXaHHW3M PACTBOPCHHS XKejie3a B CYIb(paTHOM
pactBope (pH=4,0+5,3). AHOJIHOE pacTBOpEHHUE >Keje3a MPOTEKAeT COTJACHO CIEAYIOUIMM PEaKIHSIM
[16]:

Fe + H,0 <> (FeOH),,.. + H +e (1)
Fe(OH),. <> FeOH" +¢ (2)
FeOH + H' < Fe*',,. + H,0 3)
(FeOH), . + H,O <> Fe(OH), 5. + H +e 4)
[Fe(OH),]axe. tH <> FeOH"™ + H,0O %)
IIpn mm3kux 3Havenmsx pH (pH < 4,0) m Huskom aHomHoMm mnepeHanpskemnn E, = -0,4 B

peam3yeTcss MeXaHu3M, KOTOphIi onuckiBaeTcs peakiusamu (1-3). [Ipu Gonee BbicOkux 3HaueHusx pH >
4,0 m Ooree BBHICOKOM aHOJHOM IIEPEHAIPSDKEHUH YBEIHMYMBAETCS CKOPOCTH 00pa3oBaHHS
MPOMEXKYTOYHOTO KOMIUIEKca 1Mo ypaBHeHHIO (4). [lo Mepe Bo3pacTaHus CTETIEHN MOKPHITHS KOMITIEKCOM
[Fe(OH);]ayc. PacTBopenne xomiutekca (FeOH),,. MpakTH4eCKH MpeKpaIiaeTcs.

J1sa yCTaHOBIIEHUS TIPUPOJIBI COSNMHEHUH JKene3a, KOTOPhIe CITIOCOOHBI 00pa30BHIBATHCS B OOJIACTH
MOTEHIIHAIOB €r0 aKTHBHOTO PAcCTBOPEHHS, WX PEaKIMOHHOW CIOCOOHOCTH TMoJie3Has HHQOpMAamus
MOJXET OBITh MOJIy4eHA M3 I[UKIMYECKUX BOJIBTAMIICPHBIX KPHUBBIX, (PUKCAIMS KOTOPBIX MPOBOIUTCS C
pa3HON CKOPOCTBIO pa3BepTKU MoTeHIMana. Ha pucyHke 4 mpuBEACHBI HUKIWYECKUE BOJbTAMIICPHBIC
KpHBBIE Ha KEJIE3HOM JAWCKOBOM AJIekTpoje B pactBope 0,3 M Na,SO,4 (pH=4,0) npu pa3HBIX 3HAYESHUAX
ckopocTH pa3BepTku noteHiuana or 10 mo 300 mMB/c B untepBane noreniuanos ot -0,35 mo -1,3 B.
CornacHo pUCYHKY 4a yBeNHYEHHE CKOPOCTH Pa3BEpPTKH MOTEHUIUANIA B OOJNbIICH Mepe MpOsBISETCS Ha
KaTOJHOM 4YacTH BOJBTAMIIEPHBIX KPHUBBIX, Ha KOTOPHIX HAONIOJACTCA TOSBICHHUE JBYX YETKO
BBIP2XEHHBIX MAaKCHMYMOB TOKa. Ha aHOAHBIX BOJIbTAMIIEPHBIX KPUBBIX B OTHUX XK€ YCIOBUSIX YBEIUICHHE
CKOPOCTH pa3BepTKH MMOTEHIMaIa IPUBOAMT JIMIIb K YCUJICHNUIO HOHNU3ALIMU UCIIONb3YEMOTO0 3IEKTPO/a.

Jns moapoOHOTO paccMOTpEHUs BIUSHHUS CKOPOCTH Pa3BEpTKH TOTEHIMANa Ha KaTOIHBIE
BOJIbTAMIIEPHBIE  KPWBBIE  OKCIIEPUMEHTAJbHBIE JAaHHBIE TIONY4YeHBI TpH  0ojJee  BBICOKOU
qyBCTBUTENBHOCTH (puUCYHOK 406). CormacHo pHCYHKY 40 C yBeIMYEHHEM CKOPOCTH pa3BepTKU
MOTEHI[MAJIa HA BOJLTAMIICPHBIX KPHUBBIX HAOIONAIOTCS CYNICCTBCHHBIC M3MCHEHUS, TaK, IPU CKOPOCTH
pa3BepTku noteHnuana V,= 10 MB/c HaOmtogaeTcs AMIIb €MHCTBEHHBIH HE3HAYUTEIbHBIN MO BEIUYUHE
KaTOJHBII MakcuMyM. [lJIs1 CKOPOCTH pa3BepTKH MmoTeHnHana ot 1 10 5 MB/c MakcumyM (A) mpakTHYECKH
HE TPOSBIACTCA. DTOT MAKCUMYM Ha KaTOJHBIX BOJBTAMIIEPHBIX KPUBBIX HAOJIONACTCS IS CKOPOCTEH
pa3BepTku noternuaia ot 10 go 30 mB/c.
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t 221
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| 1,41
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1,0f
2,0 0,6}
3,01 0,21
1 1 1 1 1 1 N
04 06 08 10 12 14-EB 0,4

a
Pucynok 4 — [{uxsinueckue BoIbTaMIepHbIe KpUBbIE (a) M KaTOAHbIE BOJIbTaMIIEpHbIC KpHBbIe (0)
HAa KeJIe3HOM dJekTpoae B pactBope 0,3 M Na,SO,4, pH = 4 npu pa3HBIX CKOPOCTSAX Pa3BepPTKH NOTCHIMATIA

HanbHeliliee yBelInueHUEe CKOPOCTH pa3sBepTKU HoTeHuuana Vy,> 30 MB/c mpuBOAMT K MOSBIECHUIO
JIBYX KaTOAHBIX MaKCHUMYyMOB, YBEIMYEHHIO UX TOKa M CMELICHUIO MX IOTEHIMana B obiacTte Oojee
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OTpHUIATENHHBIX 3HaUeHNH (prcyHOK 40). Tak moTeHNIHaN MepBoro MakCuMyma ¢ yBeIIMIeHHEM CKOPOCTH
pasBepTku moTeHnuana B uatepBae ot 10 mo 300 MB/c m3mensercs ot -0,92 mo -1,10 B, a Benmnuuna
Ttoka I, sToro makcumyma or V, pacrer ¢ 3 no 874 MKA. CxonHas TEHACHIHMSA IO HM3MEHEHHIO
NOTEHIMANa U TOKa OT CKOPOCTH Pa3BEPTKH MOTEHLHUaNa V, UMEET MECTO M JUIi BTOPOTO MaKCHMyMa.
M3MeHeHns BeIMYMHBI IOTEHIMANA M TOKAa HAOJIIOAaeMbIX MaKCUMyMOB OT V,, MOTEHIMAada MPUBEICHBI
Ha PUCYHKeE 5.
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Pucynox 5 — U3menenne Benmannsl Toka (1gl) (a) u notennunana (E) (6) kaTomHBIX MakCHMyMOB
OT CKOPOCTH pa3BepTky noreHnuana (1g V)

CornacHo pUCYHKY 5a MOTEHIMAJIBI IEPBOT0 MakcUMyMa (KpuBas 1) u BToporo (KpuBas 2) JIMHEHHO
CMeIlalTcs B 0071acTh 0ojiee OTPUIATENBLHBIX 3HAYEHHH C yBelnuueHueM V, B koopauHatax E, - I1gV,.
Cnenyer oTMETHTB, 4TO BeauunHa HakioHa dE/dIgV, nis o0onx MakCHMMyMOB NIPaKTHYECKH COBIAJAET,
YTO MO3BOJISIET CHIENIATh BBIBOJ O OJNM3KON MPHUPOJE AIEKTPOXUMHUYECKHUX MPOIECCOB [T HAOII0JaeMbIX
MaKCHUMYMOB TOKa.

bonee crnoxHas 3aBUCHMOCTb Ui 000MX MakCHUMyMOB B koopiauHaTax lgl — lg V, (pucyHok 50,
kpuBble 1,2). CortacHO puCyHKY 50 BeIMYHWHA TOKA B HAOOJBIICH CTENEHH YBEIIMUUBACTCS B YCIIOBUSAX,
KoTJa HaOIro1aeTcs eNMHCTBEHHBII MakcuMyM (A) mpu ckopocTa pa3sepTku 10 40 MB/c, a mpu ckopoctn
pa3Beptku Oonee 40 MB/c ¢ mosiBIieHMEM BTOpPOro MakKCHMyMa HapacTaHHE TOKa OOOMX MaKCHMYMOB
3aMeTHO cHHKaeTcs. B atux ycnosusx nsmenenue Igl ot IgV, cocrasnser: dE/dlgV = 0,5.

CormacHo nuTepaTypHbIM JaHHBIM [17-20] mosiBIeHHE JBYX MaKCHMYMOB Ha KaTOIHBIX
BOJIbTAMIICPHBIX KPUBBIX MOXET OBITH CBSI3aHO C TPOLIECCAMHU IOCIEAOBATEIHHOTO BOCCTAHOBIICHHUS
OKCHJIHBIX CIIOEB JKeJe3a M0 PeaKIusIM:

Fe,0; + 6H' + 2e = 2Fe*" + 3 H,0 (6)
Fe;0, + 8H'+2e = xFe*™ + yFe + 4H,0 (7)

rae x =4-z/2,y = z/2-1 —crexuomerpuueckue koddpduimentsl, 3aBucsanue ot pH pacteopa.

OpnHako W3NOXKEeHHBIE B paboTax [17-19] cyxkaeHus He OTpaKarOT yCIOBHS MPOBOJWMBIX HaMH
OKCTIIEPUMEHTOB, TOCKOJBbKY IMpPH MOTEHIHANaX aKTUBHOTO DPAacTBOPEHHUS JKeie3a in situ oOpasyroTcs
THIPOKCUIHBIE COCAMHEHHS jKene3a. B 9THX ycloBUSAX peaklMOHHAs CHOCOOHOCTh aaCcOpOMpPOBAHHBIX Ha
MOBEPXHOCTH THAPOKCUAHBIX COCAMHEHHH >Kene3a OyIeT CYyLIECTBEHHO OTIMYAaThCs OT OKCHIHBIX
COCTMHECHUH XeJe3a, 00pa3yoInX CBSI3H C KPUCTAIUITMYECKON pemeTkoil. boiee Toro, okCHIHBIC COeIH-
HEHHsI 00pa3yroTCs Ha IOBEPXHOCTH Keje3a, KaK MPaBIIo, B KHCIBIX CpeliaX, B OTJIMYHE OT PacTBOPOB,
ONMU3KUX K HEUTPaJIbHBIM C 00pa30BaHUEM THAPOKCHIHBIX COSANHEHHH.

WHuas Touka 3peHus u3ioxkeHa B padorax [20,21]. CormacHo mpoBeACHHBIM HE3aBUCHMBIM H3MeEpe-
HUSAM (TaJbBaHO-TIOTEHIIMOCTATUYECKHUE, ITUIICOMETPUUECKIE U3MEPEHHUS U PE3UCTOMETPHs) MOSBICHNE
IBYX 3aJepKeK moTeHuuana oOycnosieHo nporekanuem peaknuii: Fe(lll) — Fe(Il) — Fe(0). Omnako
BBIBOJ O NMPOTEKaHWU NPEACTABICHHBIX PEAKLUI HE SBIACTCS OAHO3HAYHBIM, MOCKOJIBKY HE YUUTHIBAET
POJIb cOCTaBa KOOPIMHALMOHHON c(ephl NPpH NPOTEKAaHWU MOCIENOBATEIBHOIO 3JICKTPO-XUMHUYECKOTO
BOCCTAHOBJIEHUS HOHOB JKele3a.
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Habmomaemas tpancopmarmst MakcumyMa (A) OT CKOPOCTH pa3BepTKU TMOTEHIMANlA CBUIECTEIb-
CTBYET O CJIIOXHOH MPHUPOJIE MPOTEKAIOIINX AIEKTPOIHBIX PEAKIIHA, KOTOPHIE MPOSBISAIOTCS HAa KaTOJAHBIX
BOJIbTaMIICPHBIX KPUBBLIX B BUJI€ MAKCUMYMOB. Ham mpeaACTaBIACTCA, YTO HauboJee BEPOATCH MCXAaHU3M
ANEKTPOXUMHUYUECKUX PEAKIIMI, CBSI3aHHBIN C AJIEKTPOBOCCTAaHOBICHHEM TUAPOKcUAHBIX GopMm Fe(Il) mo
Fe(0) ¢ pasHBIM cocTaBOM BHYTpEHHEH KOOpAWHAIIMOHHOW cdepbl. «Bpems XHU3HW» THUIAPOKCUIHBIX
coemuuaennii Fe(1l) onpenenseTcs mapaMeTpoM: MacCOIEpeHOC — CKOPOCTh Pa3BEPTKH MOTEHITHAA.
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B.H. Cramok, JI.A. ®oress, C. AiiT, A. boJx
J.B. Cokonbckuii aTeiHAars! JXKanapmai, KaTaau3 jKOHE AIEKTPOXUMHUS HHCTUTYTHI, AJIMaTH K., Ka3zakcTan

TEMIPIAIH BEJICEHI EPY IIOTEHIUAJIIAPBI AYMAFBIHJIA JKYPETIH
YJEKTPOATBIK HPOIIECTEP

Annotanus. [ukii BonbramnepoMeTpusutblK onicneH auckini temip (Ct.3) amekrpompraaa 0,3 M Na,SO4
epiTiHAiciHae TeMIpIiH aKTHUBTI epy NOTEHIHAIIapbl ayMarblHAAFbl TY3UITeH aHONTHIK peaknus eHIMACPiHiH
AIIEKTPOXUMUSIIBIK OCJICeHIIITT aHBIKTaIbIHABL. KaToATel BombTaMIIepili KUCHIKTapIaFbl €Ki MaKCHMyMHBIH Taiina
0OJyBI TEMipAIH OKCHATH KaOaTTapBIHBIH PETTI TOTHIKCHI3IAHY MPOIECTepiMEH OalIaHBICTEI OOYBl MYMKIH €KEH-
niri kepceringi. TeMipiH OKCHATI KOCBUIBICTAPBIHBIH TOTHIKCHI3ZaHy OHIMEpiHe epiTinainig pH MoHi, GacTankel
MOTEHIUAJ, MOTEHIUAl 0epy KbULAaMJBIFbI )KOHE IUCKII DJIEKTPOATHI alHAJIIBIPY >KbLUIIAMIIBIKTAPBIHBIH ocepi
3epTTEIiHAl. AJIBIHFAH TOHKIPHOETIK MOIIMETTEp HETi3iHAe MMKIAI BOJIBTAMICPIIK KHCBHIKTAPIBIH KaTOATHI 06JIi-
TiHJIE TOKTBHIH KaTOATHI MaKCHUMyMIApbIH Maiaa OoJybl MOTCHIMAT Oepy KbUIIAMIBIFBIMEH aHBIKTAIATHIH]BIFbI
JKOHIHJIE KOPBITBIHBI KacanbiHabl. [lorennuan Oepy sxpuinamasirbl 10 MB/c GonraH ke3ne KaTonThl KUCHIKTapa
TOKTHIH Oip FaHa MaKCHMYMBI Taiiaa Gornca, ain noTeHunan 6epy KelngamMasIFs! xKorapel (V,> 30 MB/c) Gonran ke3ae
TOKTHIH alKbIH KOPIHETIH €Ki MakCUMyMbl maiija 6oiajasl. TOKTHIH MyHIal MaKCHMYyMJApbIHBIH Maiiia 0oybl
opTYp imKi KoopanHauMsUIBIK cepanapsl 6ap Temipain (1) ruapokeuari kKocbutsicTapbiHbIH TeMip (0) re neiinri
AIIEKTPOTOTHIKCHI3JAHYbIMEH OalTaHBICThI OOTATHIH/IBIFBI KOPBITHIH/IbIIAHA/IBL.

Tyiiin ce3mep: TeMip 3J1EKTPO/IbI, BOJIBTAMIIEPOMETPHSI, OACTANKBI OTCHIMAN, TIOTCHIHAT 0Py JKbLIIAM/IBIFbI,
pH, TemipIiH THAPOKCUATI KOCEUTBICTAPHI.
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