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Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
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and influential content of chemical sciences to our community.

Kasakcmar Pecniybrniukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmenyzae KabbindaHFaHbIH xabaprnaldbl. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicel XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kKabblnday wmacesneciH
kapacmeipyOa. Webof Science 3epmmeywinep, asmopsap, bacnawbiiap MeH MeKeMmesiepee KOHMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramOacmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiIHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «h3eecmus HAH PK. Cepusi xumuu u mexHosnoaul» 6bir
npuHam Ans uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
ColepxxaHue 8 amom uHOeKcuposaHuUu Haxodumcs 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0nsi danbHeliweeo npuHImMusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem kadyecmeo u
enybuHy koHmeHma 0ns uccriedosameried, asmopos, usdamerel u yupexdeHul. BknoyeHue Msgecmus
HAH PK e Emerging Sources Citation Index GemMoHcmpupyem Hawy MnpueepXxeHHocmb K Hauboree
akmyasibHOMY U 8/1USIMmesIbHOMY KOHMEeHMY o XUMUYEeCKUM Haykam Ors Hauleeo coobujecmea.
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EFFECT OF SURFACTANTS ON THE REDUCTION
OF LEADII) IONS ON LEAD ELECTRODE

Abstract. The effect high molecular weight water-soluble surfactants with different functional groups have on
the electroreduction of lead(Il) ions on a lead electrode in various electrolytes is studied. A copolymer of
methacryloylaminophenol with acrylic acid, a leather waste hydrolyzate, and a copolymer of monoethanolamine with
vinyl ether acetate are used as surfactants. The electrolytes that are used are 1| M KCI, KBr, KNO3;, HCOONa,
NH,SOsH, 0.5 M Na,SO4, and 0.35 M Na3;C¢Hs07 -2H,0. It is shown that in 1.0 M KC1 or KBr solutions, there is no
inhibition of the electroreduction of lead(Il) ions by the adsorption layers of surfactants. It is found that the inhibitory
effect of polymers on the electroreduction of lead(Il) ions in different background electrolytes increases in the order
KCI1 > KBr > Na3;CsHs072H,0 > Na,SO4 > KNO; > HCOONa > NH,SOzH.

Key words: lead ions, electroreduction, surfactants, electrolyte, lead electrode, exchange current.

Introduction. Surfactants are widely used to improve the cathodic deposits of metals and alloys, to
obtain coatings with desired physicochemical properties, and as additives to electrolytes for metal refining
and corrosion inhibitors [1-3].

A great many studies have recently been devoted to the effect surfactants have on electrode processes.
Most of them reflect the effect low-molecular compounds have on electrode processes, and only a few
discuss the effects of high-molecular compounds [4-7].

In recent years, there has been growth of interest in studies on additions of water-soluble polymers
with several functional groups with different properties, which provide high adsorption capacity on
electrodes and have an appreciable effect on the electrode reactions [8, 9].

It is known that the presence of surfactants makes it difficult for electrode processes to proceed, as it
produces an inhibitory effect explained by the blocking of the electrode’s surface [10, 11]. The inhibitory
effect of organic additives also depends on a number of other factors, including the composition of the
electrolyte [12—15]. The inhibitory effect of the additive depends on the nature of the anions of the
electrolyte, so it is impossible to predict continuation of the effect of inhibition in different electrolytes. If
we know the general patterns of the effect organic substances have on the anions of a background
electrolyte and their interaction with them, we can interpret the mechanism of electrode processes, and in
some cases adjust the rate of electrochemical reactions [16-18].

Therefore, investigation of the electroreduction of metal ions on electrodes in the presence of polymer
additives with several functional groups that provides the necessary physicochemical properties of the
electrolyte (scattering power, viscosity, electric conductivity, etc.) is very important from both theoretical
and practical viewponits.
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The aim of this work was to study the effect a number of organic compounds have on the rate of lead
electroreduction on a lead electrode in electrolytes, in the presence of different anions of the background
electrolyte.

Methods. The effects of a number of surfactants were studied:a copolymer of
ethacryloylaminophenol with acrylic acid (CMAAP-AA) (Mr = 15000-20000), a hydrolyzate of leather
industry waste (HLIW), and a monoethanolamine vinyl ether acetate copolymer (VEMEA) (Mr = 50000—
100000). Electrolytes of the following composition were studied: 1 M KCIl, KBr, KNO3;, HCOONa,
NH2803H, 0.5M Na2804, and 0.35 M Na3C6H507 '2H20.

KCI and KBr were chosen as the background electrolytes,due to their strong adsorption activity. The
accelerating effect halogen ions have on electrode processes is well known. Na;CsHsO; 2H>O and
HCOONa were chosen from among the organic acids, since they are inert; the NO3™ ion is a weakly
adsorbable anion. It was of interest to use 1.0 M NH,SO;H as the background electrolyte for purposes of
comparison against other electrolytes, since the inhibitory effect of the SO3;H - ion in the presence of
surfactants is strong. It was of particular interest to study Na,SO, as the background electrolyte, since the
SO4* anion does not participate in adsorption. We studied the electrochemical behavior of lead(Il) ions in
the 0.067 x 1072 to 1.33 x 1072 wt % range of surfactant concentrations at 298-328 K. The kinetics of the
discharge of lead(Il) ions on a polycrystalline lead electrode was studied by measuring the polarization
curves using a P-5827M potentiostat.

Results and discussions. Our studies of the electroreduction of lead(Il) ions on a solid electrode
against a background of 1.0 M KCI, 1.0 M KBr, 1.0 M KNO; and 0.35 M Na3;CsHsO;2H,O showed
surfactants had no effect on the discharge of lead ions(Il). This was due to the high specific adsorption of
halogen ions on the surface of a lead electrode, which can compete with the adsorption of adsorbate
molecules. The result is that no inhibition is observed. The depolarizing effect halogen ions have on
inhibition could be due to two phenomena. The first is the altered structure of the adsorption layer, caused
by the adsorption of both halogen ions and surfactant molecules. The second is associated with the
catalytic action of halogen ions; their low content in solution accelerates the electrode process.

Figure 1 shows the polarization curves of the electroreduction of lead(Il) ions on a lead electrode
against 0.5 M Na,SO4 with and without a surfactant at 7 = 298 K. Adding a surfactant to the solution
greatly inhibits the discharge of lead(Il) ions, which is apparent from the falling reduction current and a
substantial increase in polarization. When the content of the surfactant in the solution is increased, the
degree of inhibition grows and the drop in the limiting current becomes greater in the region of negative
potentials. The polarization curves of the electroreduction of lead(Il) ions in the presence of HLIW are N-
shaped, which is characteristic of the discharge of lead(Il) ions in the presence of nitrogen-containing
surfactants.
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Figure 1 - Polarization curves for the electroreduction of lead(Il) ions on a lead electrode obtained at 7= 298 K on the background
of 0.5 M Na2SOs in the presence of surfactants and without them HLIW. Csurf X103, wt %: (1) 0.00, (2) 2.00, (3) 5.30, (4) 13.30

A similar study was conducted in the presence of CMAAP-AA and VEMEA. The introduction of
polymer surfactants into the solution accelerates the electrode process. With increasing surfactant content
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in the solution, the discharge of lead(Il) ions accelerates. This is manifested in an increase in recovery
currents and a decrease in polarization.

Polarization curves of lead(Il) ion discharge in the HCOONa solution in the absence and presence of
polymer surfactants at T=298 K indicate that the introduction of CMAAP-AA and VEMEA into the
solution leads to inhibition of the lead(Il) ion discharge process. With increasing concentration of additive
CMAAP-AA and VEMEA in solution increases the slump of the limiting current and increases the
polarization. With the increase in the content of these surfactants in solution inhibitory action CMAAP-
AA and VEMEA diminished In the case of HLIW the introduction of surfactant in the solution leads to
inhibition of the process of discharge of ions of lead(Il), accompanied by a reduction in currents
reconstruction and zoom eniem polarization. With an increase in the concentration of the HLIW additive
in the solution, the degree of inhibition increases, the decline of the limiting current increases.

In the presence of HLIW, a similar picture is observed in 1.0 M NH>SO3H and 1.0 M KNOj solutions.
It should be noted that in the presence of CMAAP-AA and VEMEA in a solution of 1.0 M NH>SO3H, the
addition of copolymers leads to inhibition of the process, manifested in a decrease in the limiting
reduction current. At the same time, there is a slight increase in polarization. With increasing
concentration of surfactant additives in the solution, the degree of inhibition increases. However, at
surfactant concentration above 1.33.10-2 wt. % there is some weakening of the inhibitory effect of
surfactants.
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0.5 0.6 0.7 EV 05 0.6 0.7 EV
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Figure 2 - Polarization curves for the electroreduction of lead(II) ions on a lead electrode obtained
at =298 K on the background of 1.0 M HCOONa in the presence of surfactants and without them:
(a) CMAAP-AA, Couf %103, wt %: (1) 0.00, (2) 2.00, (3) 5.30, (4) 13.30.

(b) HLIW, Csurt X103, wt %: (1) 0.00, (2) 2.00, (3) 5.30, (4) 6.70, (5) 13.30.

(¢) VEMEA. Csurr x103, wt %: (1) 0.00, (2) 2.00, (3) 5.30, (4) 6.70, (5) 13.30
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The obtained polarization curves were analyzed as described in [19], and the dependences for the
electroreduction of lead(Il) ions were constructed:

where i is the current density, 7 is the number of electrons transmitted, /' is the Faraday constant, 1) is the
overvoltage, R is the universal gas constant, and 7 is the absolute temperature. In the investtigated region
of polarization (figure 3), the dependences were linear and parallel to one another, testifying to the

Ini/(1-e" 7' *y _pn

constant value of the transfer coefficient. The data are presented in table 1.
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Figure 3 - Semi-logarithmic dependences of electroreduction of lead(Il) ions at T=298 K in the absence
and presence of HLIW. Csurt X103, wt %: 1 —0.00; 2 —2.00; 3 — 5.30; 4 — 6.70; 5 - 13.30

The data are presented in table 1.

Table 1 - Values of transfer coefficients a for electroreduction of lead ions (II) in various electrolytes
in the presence of surfactants and without them at T=298 K

surfactants without CMAAP-AA HLIW VEMEA
W surfactants
KNO3 0.33+0.01 0.33 0.33 0.33
NH2SOsH 0.62+0.01 0.62 0.62 0.62
HCOONa 0.22+0.01 0.22 0.22 0.22
The electroreduction of lead(Il) ions proceeds in two stages:
Pb*" — Pb*" +2e — Pb
Table 2 - Exchange currents (jo x 10°, A/cm?) of the electroreduction of lead(IT)
ions in different electrolytes in the presence of CMAAP-AA at 7=298-328 K
Electrolyte T,K Csurf X103, wt %
0 2.0 4.0 5.3 7.0 13.3
1.0 M NH2SOsH 298 5.0 4.6 3.7 3.3 3.2 3.7
308 5.1 5.4 5.3 44 3.9 3.8
318 6.8 5.3 4.6 3.8 4.1 3.9
328 6.3 6.3 4.2 4.7 4.7 4.7
1.0 M HCOONa 298 5.9 5.3 4.9 4.3 4.1 3.9
308 6.4 5.9 5.7 5.6 5.8 5.7
318 6.3 - - - - -
328 6.7 - - - - -

— 132 =——




ISSN 2224-5286 2.2020

The slowing of the electron transfer stage does not affect the adsorption of Pb*" ions on the electrode.
The constant transfer coefficient testifies to the uniform mechanism of the discharge of Pb*" ions.
Exchange currents jo for the discharge of lead ions(II) were calculated from dependences. The exchange
currents (jo x 10°, A/cm?) of the electroreduction of lead(Il) ions in different electrolytes in the presence
of surfactants are given in tables 2,3.

Table 3 - Exchange currents (jo x 103, A/cm?) of the electroreduction of lead(II) ions
in different electrolytes in the presence of VEMEA at T =298-328 K

Electrolyte T,K Courf X103, wt %

0 2.0 4.0 53 7.0 13.3

1.0 M NH>SOsH 298 5.0 4.8 4.7 4.6 34 4.1
308 5.4 4.9 4.8 4.7 4.5 4.5

318 6.3 6.3 6.2 5.4 4.5 4.7

328 6.3 6.4 5.9 5.8 4.8 4.8

1.0 M HCOONa 298 59 4.6 4.2 39 5.4 5.4
308 6.4 5.4 5.4 5.2 5.1 7.0

318 6.3 5.9 5.7 5.5 5.4 7.1

328 6.7 6.9 6.2 59 5.5 7.4

Analysis of the data presented in the tables shows that depending on the background anion when there
are no surfactants, the rate of the electroreduction of lead(Il) ions slows in the order
KCI > KBr > Na3;CsH5072H,0 > Na,SO4 > KNO; > HCOONa > NH,SOsH.
Adding a surfactant lowers jo, indicating that this process is slowed. It should be noted that in a
solution of 0.5 M NaxSOs, the electroreduction of lead(Il) ions is strongly inhibited in the presence of a
surfactant. This is because an adsorption surfactant film forms on the electrode’s surface. The inhibitory

effect of the surfactant additive depends on the nature of the electrolyte anions and is enhanced in the
presence of CMAAP-AA in the order

KNO;3;> HCOONa > NH,SO5H > Na,SOq4
while with HLIW and VEMEA we have
Na,SO4> KNO;3; > HCOONa > NH,SO;3H.

The dependences obtained for the discharge of lead(Il) ions with and without surfactants are linear
and parallel to one another; i.e., the mechanism behind the inhibition of the electrore-duction of lead(II)
ions in the presence of surfactants at high temperatures remains unchanged.

The values of transfer coefficient o for the discharge of lead(Il) ions at on a lead electrode remain
constant. The constancy of o suggests that the mechanism of the discharge of lead(Il) ions was not
changed in the presence of surfactants. It is inhibited at the stage where depolarizer ions penetrate into the
surface layer. The analysis of tables 2,3 shows that in solutions of 1.0 M NH,SO3H and 1.0 M HCOONa
with increasing temperature the inhibitory effect of CMAAP-AA and VEMEA weakens. The inhibitory
effect of HLIW persists at T=328 K. In solutions 1.0 M KNOs and 0.5 M Na;SOs inhibition of
electricoreduction of lead ions (II) adsorption surfactant film is not observed.

A temperature-kinetic analysis of the polarization curves in the range T = 298-328 K with no
surfactants was performed using the technique proposed in [20]. The temperature—kinetic curves for the
discharge of lead ions(II) without surfactants and with surfactants are linear and independent of the
overvoltage. Using these data, we calculated the effective energies of activation of the electroreduction of
lead(Il) ions in different electrolytes with and without surfactants. Our findings are listed in table 4.

Table 4 - Effective energy of activation (Aefr, kJ/mol)
of the electroreduction of lead(II) ions in different electrolytes

Electrolyte With no surfactants CMAAP-AA HLIW VEMEA
NH2SOsH 11.5 9.6 15.3 19.1
HCOONa 11.5 45.0 -47.5 6.8
KNO:s 11.5 - 2.3 -
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Conclusion. Thus, the obtained experimental data allow to conclude that on the background of 1.0 M
KCl, KBr 1.0, 0.35 M Na3CgHsO7;2H20 20 inhibition of the electroreduction of lead ions(Il) adsorption of
the surfactant film at the studied temperatures was observed.

In other cases, the rate of electrical recovery of lead ions (II) in dependence on surfactants decreases
in a row:

HLIW > CMAAP-AA > VEMEA.

Temperature studies show that the discharge of lead(Il) ions in the presence of surfactants is inhibited
at T=328 K. It was found that the inhibitory effect of polymers on the electrical recovery of lead(II) ions in
electrolytes increases in the following sequence:

KCl > KBr > Na3;CsHs072H,0 > NaSO4 > KNO3; > HCOONa > NH,SOsH.
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4Camapa MeMJIEKETTIK TEXHUKAJILIK yHuBepcuTeTi, Camapa, Poccus

KOPFACBIH 2JIEKTPOJABIHIA KOPFACBIH HOHJAPBIH(II)
TOTBIKCBI3JJAHYBIHA BETTIK-AKTUBTI 3ATTAP/JBIH 9CEPI

Annoranus. berrik-aktuBTi 3arTap (BA3) MeranmapaslH KaTOATH TyHOATapsl MEH KYWMalapIbl JKakcapTy
YIIiH, OepiireH (U3MKAIBIK-XUMISIIBIK KacweTTepi Oap >KaOBIHOBUIApABI Ay YIIiH, MeTangapAbl paduHupiey
AIEKTPOIUTTEPIHE KOHE KOPPO3HSI HHTHOUTOPIIAphIHA KOCTIajap PeTiH/e KeHiHEH KOJIaHbIIabl.

OnexTponTsl mpouecTtepine BA3-ApIH ocepiH 3epTTeyre KemTereH 3epTTeyiiep apHajFaH, OJMapAblH KeIIiliri
TOMEH MOJIEKYNaNbIK KOCBUIBICTAPABIH 3JIEKTPOATHIK MPOLECTEPIHE 9CEpPiH JKOHE TEK a3 FaHa JKYMBICTAp CaHbI -
JKOorapbl MOJICKYJIAJIbIK KOCBUIBICTAPAbIH chpiH KapacCTbIPpbLIFaH. COHFI)I YaKbITTa FajJbIMAapAblH Ha3apbiH
AJIEKTPOATAPIA KOFAPhI aCOPOIMIIBIK KaOUISTTI KAMTaMachl3 €TETIH JKOHE AJICKTPOATHI PeakIfisuiapra eneyJsi acep
eTeTiH, KacueTTepi OOWBIHIIA epeKIIeNeHeTiH (QYHKIMOHANIBIK TomTapsl 0ap, cyla €pUTiH NOoJMMEpIepAiH
Kocranapbl OOWBIHIIA 3epTTeyiep KbI3BIKTBIPaAbl. OJIEKTPOJIUTTIH KaXeTTI (U3MKO-XUMHUSUIBIK KaCHETTEpiH
(wamsIpaTy KabijeTi, TYTKBIPJIBIFBI, 3JIEKTPOTKI3TIIITIr kaHe T.0.) KaMTaMachl3 eTeTiH OipHele (yHKIMOHAIIBIK
TonTapsl Oap MOJMMEPIIK KOCHAJIapAblH KATBICYBIMEH JIEKTPOATApJa METAI MOHIAPBIH 3JICKTPTOTHIKCHI3AAaHYbI
oTe ©3eKTi Macele OOJBIN TaOBLIAIBI, COHBIMEH Oipre TEOPISUIBIK XKOHE MPAKTUKAIBIK MaHBI3HI Oap.

OPTYpi (QYHKIMOHAIABIK TONTAapMEH (AaKpHJI KBHIIKBUIBI 0ap METaKpIIOWIaMUHO(DEHOIABIH COMONIUMeEpi
(AK-MAA®C), Mr=15-20 w™bIH, ObuFapel ©HEPKaCiOi KamabIKTapblHbH ruaponu3atel  (BOKI)  xoHe
MOHO3TaHOJIAMUH BHHWI 3(upiHiH aneTaTteiHbH comonumepi (MDABD), Mr =50-100 MbIH) cyma epHUTiH >KOFapbl
MoJneKynaiel  OerTik-aktuBTi 3artapaslH  (BA3) arrac amektpoara KoprackiH HoHAApsHBIH(IL)  opTypmi
AIIEKTPOIUTTEPIE ANEKTPTOTHIK-ChI3/IaHybIHA 9CEP1 3epPTTEIII.

JKymeicta keneci anekrposurrep 3eprrenai: 1| M KCI, KBr, KNO;, HCOONa, NH,SOsH, 0.5 M NaSOs,
0.35 M Na3CsHs072H,0. ®oHapIK 3JIEKTPOIUT peTiHle KYIUTI ancopOuumsuibik Oencenninikke Oainanbictel KCl
xkoHe KBr rtaxpmamraH. [anmoumarsl HMOHAAPIBIH DJEKTPOATHIK IPOLECTEpre >KEACNJEHTIH ocepi Oemnrimi.
NazC¢Hs072H,0, HCOONa opraHukanblK KBIIKBUIIApAaH WHEPTTI OoNFaHAbIKTaH TapmainraH. NO; HOH a3
ajicopOIMsITIaHaTBIH aHUOHAAPFa KaTa/lbl.

@DOHABIK 3IEKTPOIHUT peTiHme Oacka >MEKTpOoNUTTepMeH canbicThipy ymiH 1.0 M NH>SOsH 3eprrenres,
oiitkeni BA3 katsicybiMer SO;H- HOHHBIH Texeyim ocepi yiakeH. Annon SO4> ancopOUUAIBIK, OeICEH I TOMEH
OoFaHABIKTaH, POHABIK IEKTPOIUT perinae Na,SO4 3epTTeyi e Oenriti 0ip KbI3BIFYIIBUIBIK Ty IBIPILL.

Kopracein wnongapsiHbiH(II) KOpFacelH 91€KTPOABIHAA 3JIEKTPOXUMHMSUIIBIK KACHETTEPl KapacThIPbUIATHIH
BA3-np1H KOHIEHTpanus uHTepBanbHga 6.7-10* + 1.33:102 macc. % xoHe Temmepatypa 298-328 K apansmeiama
3epTTEeNI.

OKcnepruMeHTaN bl HOTYDKENep Il Tanjay Ke3iHne KopracblH HOHAAPBIHBIH(II) 2/1eKTpTOTHIKCHI3AaHy KbUIIaM-
neirbl BA3 OonmmaraH ke3ze (OHHBIH aHMOHBIHA OallJIaHBICTBI Keyiecl KaTap OolbiHIIA (OapiblK 3epTTEIreH
temneparypanapaa) aseiktangel: HCOONa > KNOs; > NH,SO3H > Na;CeHsO; > NaxSOs. AK-MAA®C
KaTBICYBIMEH 3€PTTEIreH JJICKTPOJIMTTEP/E OHBIH WHrHOMpieymi acepi keneci Katapaa kymedtineni: KNOs >
HCOONa > NH,SOsH > Na,SO4, BOKI xateichiana keneci katapra Na;SO4> KNO3; > HCOONa > NH,SO;H wue.

AnpiaFaH ToXipuOemik HoTmkenep OoiprHma (o perinme kapacteippurad 1.0 M KCI, 1.0 KBr, 0.35 M
Na3CeHs072H,0 epitinainepae 3epTTeNreH TeMmIeparypairapaa aacopOmmsislk BA3 IuieHKackIMEeH KOpPFAachiH
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HMOHJAPBIHBIH 3JEKTPTOTHIKCHI3aHyBIHBIH Texey Oaiikanmaiinbl. Kanran xarmaiinapaa xopracsiH(Il) monmapsHbg
ANIEKTPTOTHIKCHI3AaHy JKbl1nambiFbl BA3-Fa GaitnaneicTsl keseci karapaa: BOKI > AK-MAA®C > MDABD.

Temmneparypanslk 3epTreyiiep KoprachlH HOHAApbIHBIH(II) pa3psapl KapacTelpeiiaTelH BA3  KaThICYbIMEH
T=328 K kesinume ne Texeyai KepceTelmi. DIeKTponuTTepae KoprackiH HOHAAPBIH(II) 37eKTPTOTHIKCHI3IaHybIHA
noJuMepepaiH uHrudupneyui acepi keneci pernen eceni: KCI > KBr > Na3;C¢Hs072H>0 > Na,SO4 > KNO3 >
HCOONa > NH,SOz;H. Temneparypa 298-328 K apanbsIFblHa DOJISPU3ALUSIBIK KUCBIKTapAbIH TEMIIEpaTypa-ibIK-
KHHETUKAIBIK Tajaay kyprisiimi. BA3 kareicysinna H koprackiH(II) MoOHIap paspsaplHBIH TeMIlepaTypalibiK-
KHHETUKAIBIK KUCBIKTAP TY3Y CBHI3BIKTHI OOJIBII KeJe.

Onextponurrepne BA3 KaTpiCyblHOa XoHE KaTBHICYBIHCHI3 TemmepaTypa 298-328 K kesinme xopraceH (II)
HOHJAPHIHEIH AJIEKTPTOTHIKCHI3JaHY YIIIiH aybIcy KO (HUIMEHTTEPiHIH (1) IIaMarapsl eCenTeNreH.

OpT1ypdi anekrponurrepae BA3 KaTbicybIHAA )KOHE KATBICYBIHCHI3 Temrieparypa 298-328 K ke3iHae KOprachH
(1) HOHIAPBIHBIN IEKTPTOTHIKCHI3AAHY YIiH aIMACy TOKTAPBIHBIH MOHAEPI (jo 103 A/cM?) ecenTenren.

Onextponurrepne bA3 xateicybiMen xopracsiH(Il) moHDAp pa3psIBIHBIH THIMII aKTHBTEHAIPY YHEPTUSCHIHBIH
mamanapsl ecenteired. bA3 KaTbICybIMEH YII HETi3ri Karaaijibl Kkepceryre 0ojajbl. AKTUBTEHAIPY IHEPTUSCHI
apranel. bynm KyObUIBIC KOCHIMIIA TIOTEHLMANIbl KEAEPTriHiH Maiia OONybIH KepceTeldl, SFHU TeXeYAiH
AKTHBAIMSUIBIK MEXaHM3MI OpBIH allajibl. AKTHBTEHIIPY SHeprusicbl aszasjsl, sifHM KopracblH(II). moHmapbIHBIH
paspsabl JKeHUIeTIeNi AKTHUBTEHIIPY SHEpPIusiChl Tepic MOHIE He, TEeMIIEpaTypalbK-KMHETUKAIIBIK KHCBHIK Kepi
Toyenzinikke ue. by, anekTpox OETiH TONTBHIPY ASPEKECIHIH e3repyiMeH TeMIlepaTypaHbIH KOFapbulaybl Ke3iHze
KOMITEHCAIMSIIBIK Scep KYOBUIBICBIMEH OaiiIaHbICTHI.

Kymricra 3eprrenreH BA3 KoprachblH 3JEKTPOIBIHAA ancOpOUMsUIaHAABI JKOHE MaKCHUMAIBl aJcopOmus
aiimarbl- 0.4 +~ -1.0 B unTepBanbiHAa opHaNackaH. KoprackIHHBIH HONIIIK 3apsAbIHBIH noTeHnuansl Eq-o = - 0.56 B,
an Ttene-teHAIK moteHmuansl E, = - 0.126 B Tten. BA3 katbicybiHCEI3 KoprachlH(II) MOHDApBIHBIH pa3psasl
3JIEKTPOATHIH OH 3apsiATaraH OCTIHAE OTel.

TyiliH ce3mep: KOpFachlH MOHIAPHI, IEKTPTOTHIKCHI3AAHY, OETTIK-aKTHUBTI 3aTTap, AJIEKTPOJIHT, KOPFACBHIH
ANIEKTPOMABIBI, aJIMACy TOTHL.
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BJIMAHUE ITOBEPXHOCTHO-AKTUBHBIX BEIHIECTB HA BOCCTAHOBJIEHUE HOHOB
CBHUHIA(II) HA CBUHIIOBOM 3JIEKTPOJE

Annoranus. [loBepxHocTHO-akTuBHBIC BemiecTBa ([IAB) Hamwm mmpokoe HTpUMEHEHHE YIS YIIy4IICHHS
KaTOJIHBIX OCaJIKOB METAJIOB U CILIABOB, OJTYYCHHUS TOKPBITHHA C 33JaHHBIMU (PH3UKO-XUMHUYECKAMU CBOHCTBAMU, B
Ka4yecTBe JJ0OABOK B 3JCKTPOJIUTHI paHUPOBAHUS METAIUIOB M HHTHOUTOPOB KOPPO3HH.

Wzyuenuto nevictus [IAB Ha 3JIeKTpOAHBIC MPOIECCH MOCBSIICHO OOJBINOE KOJIMYESCTBO HCCICIOBAHUM,
OOJBITMHCTBO M3 KOTOPHIX OTpakaeT BIMSHUE Ha DJCKTPOIHBIC MPOIECCH HU3KOMOIEKYJSPHBIX COCIMHEHUH M
TONIBKO HE3HAYUTENBHOE YUCIO paboT - JEHCTBHE BBHICOKOMOJICKYIIPHBIX COeOUHEHHWi. B mocmemnee BpeMs Bce
Oorplmee BHUMAaHHE YYCHBIX MPUBJICKAIOT WCCIEOOBaHUS IO JO0aBKaM BOJOPACTBOPUMBIX TIOJHMEPOB C
HECKOJIbKUMH Pa3IMYalolMMHUCS M0 CBOHCTBAM (DyHKIMOHAIBHBIMU TPYIIAMH, KOTOPbIE 00ECIIEUNBAIOT BBICOKYIO
aZCOPOIIMOHHYIO CITOCOOHOCTh Ha JJIEKTPOAAX M OKAa3bIBAIOT 3aMETHOE BIMSHHE Ha DICKTPOIHBIC PEAKIIHH.
DJEKTPOBOCCTAHOBIIEHHNE MOHOB METAJUIOB Ha 3JIEKTPOJAAX B MPHCYTCTBUHU MOJMMEPHBIX JT00AaBOK C HECKOIBKUMH
(hyHKUIMOHAJILHBIMU TPYIIIaMU, KOTOpOe 00ecrednBaeT HeoOXoAuMble (PU3MKO-XUMUYECKUE CBOMCTBA JJIEKTPOJIUTA
(pacceuBaromasi CtoCOOHOCTD, BSI3KOCTh, 3JICKTPOIIPOBOIHOCTD U JP.) OUYCHb aKTYaJIbHO U MMEET KaK TEOPETHUYECKOE,
TaK U MPaKTUIECKOe 3HAYEHHE.

HccnenoBaHo BIMSHHE BBICOKOMOJICKYJISIPHBIX, PAaCTBOPHMBIX B BOJEC IOBEPXHOCTHO-aKTHBHEIX BEIICCTB
(ITAB) ¢ pasnuuebIMH  (DYHKIIMOHATBHBIMH TPYIAMH (COIOJIMMEP METaKpPHIOWIAMHHO(EHONIA C aKPHIOBOM
KUca0Tol, Mr=15-20 TbIC, THIPOIN3AT OTXOI0B KOXKEBEHHOW MPOMBIIUIEHHOCTH U CONOJIUMED alleTaTa BUHUIOBOTO
a¢pupa MoHOdTaHONMamMuHa, Mr =50-100 TeIC.) Ha 3JeKTpoBOCCTaHOBIcHHEe HOHOB cBUHMIA(Il) Ha omHOMMEHHOM
AIIEKTPOE B PA3ITUYHBIX SICKTPOIUTAX.

HWccnenoBansr amextponutsl crenytomero cocraBa: 1 M KCl, KBr, KNO;, HCOONa, NH,SO3;H, 0.5 M
Na,S04, 0.35 M Na3C¢Hs072H,0. B kauectBe ¢onoBoro anexrtponuta BoiOpansl KCl u KBr BBuay cuiibHOIM
a7COpOIIMOHHON aKTUBHOCTH. VI3BECTHO ycKopsmomiee ACHCTBHE TAJTOUIHBIX MOHOB Ha AJIEKTPOAHBIE IPOILIECCHI.
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Na3zC¢Hs072H,0, HCOONa BbIOpaHBI TOTOMY, YTO SIBIISIIOTCS MHEPTHBIMH W3 YUCIIA OPTaHMYeCKuX KHCIoT. NO3
HOH OTHOCHTCS K MaJI0aJCOPOUPYIOIIMMCS aHHOHAM.

B kauectBe donoBoro anekrponura uzyuer 1.0 M NH>SOsH nuist cpaBHeHuUst ¢ ApYrUMH 3JIEKTPOIUTAMH, TaK
kak Topmosduiee neiicteue SOsH- mona B mpucyrctBuu ITAB Benuko. OmnpezneneHHBI HHTEpeC NPerCTaBIIsIO
Takoke nsydenure NapSO4 B KauecTBe (JOHOBOTO 3JIEKTPONIMTA, TaK Kak aHuoH SO4% ajcopOLHMOHHO MaOaKTHBEH.

HccnenoBaHo 3neKTpOXUMHUUYECKOe MOBejaeHne MOHOB cBHHIA(I]) Ha CBHHIIOBOM 3JIEKTpOJE B NPHCYTCTBHU
BEIOpaHHBIX ITAB B 06nacTu xonuenrpanuu 6.7-10* + 1.33:102 macc. % B uaTepBaie Temmeparyp T = 298-328 K.

AHanu3 3KCIIepUMEHTAIBHBIX JITAHHBIX ITOKa3bIBAET, YTO CKOPOCTh JIEKTPOBOCCTaHOBIEHUST HOHOB cBUHLA(I]) B
3aBHCHMOCTH OT aHWOHAa (oHa B oTcyTcTBHe IIAB yOpIBaeT B psamy (IpH BceX HCCIEIOBAHHBIX TEMIIEpaTypax):
HCOONa > KNO; > NH>SO3H > Na3;CsHsO7; > Na,SO4 . B mpucyrctBun CMAA®-AK ero wmHruOupyromee
JIefiCTBAE B WCCIIEAOBAaHHBIX 3JICKTPOIUTAX yCHIMBaeTcs B cienyromem psany: KNOs; > HCOONa > NH,SO;H >
Na»SOs, B cmygae ['OKII nmeer Bua: Na;SO4> KNO; > HCOONa > NH,SO3H

[TosryueHHBIE AIKCIEPUMEHTANFHBIE TaHHBIE IO3BOJIAIOT CHENaTh 3akimodeHue, uro Ha ¢oue 1.0 M KCIl,
1.0 KBr, 0.35 M Na3C¢Hs072H,O unrubupoBanwusi snekrpoBocctaHoBieHus: noHoB cBuHIA(Il) amcopOrmonHoi
wieHkod ITAB mnpu wu3yueHHbIX Temimeparypax He HaOmojaerca. B ocrampHBIX —Cilyyasx CKOPOCTh
anexTpoBoccTanopienus: nonos cBuHUa(Il) B 3aBucumoctu ot ITAB yOwiBaer B psay: 'OKII > CMAA®-AK >
BOMDA.

TeMneparypHble HCCIIeIOBaHMS MTOKa3bIBAIOT, 4TO pas3psix nonos cBuHua(ll) B mpucyrcrBun nomydenusix [1AB
nHrubupyercs u npu T=328 K. YcranopneHo, yTo HHruOupyrouiee IeiCcTBIE MOJUMEPOB Ha AIIEKTPOBOCCTAHOBIIE-
mue woHoB cBuHHOA(I) B snexTponmmrax Bo3pacTaeT B ciemyromeid mocnemoBatenbHocTH: KCl > KBr >
Naz;CsHs0O72H,0 > Na,SO4 > KNO3; > HCOONa > NH,SOsH.

[IpoBenen TeMmnepaTypHO-KMHETHYECKHH aHAIW3 MOJSPU3ALMOHHBIX KPUBBIX IJISI WHTEpBAla TEMIEpaTyp
T=298-328 K. TemmeparypHOo-KnHeTHdecknue KpuBble paspsga uonoB cuHUA(I) B mpucyrcrBum IIAB
MPSIMOJTUHEHHBI.

YcraHOBIIGHBI BeNMWYUHBI KOA(G(GUIIMEHTOB IMepeHoca o JJIs JISKTPOBOCCTaHOBJIEeHHsT MOHOB cBuHIa (II) B
Pa3IMYHBIX AJIEKTPOJINTaX B OTCYTCTBHE U B mpucytcTBuu [TAB nmpu T=298-328 K.

Paccuntanbl BeJqMuMHBI TOKOB 0oOMeHa (jo10° A/cm?) ns snektpoBoccraHoBieHuss voHoB ceuaua(ll) B
Pa3IMYHBIX AJIEKTPOJIUTaX B OTCYTCTBHE U B pucyTcTBun [TAB npu T=298-328 K.

OmnpeneneHbl BeMUUHBI AP PEKTUBHOM 3Heprun akTuBanuu paspsna nonos ceunna(ll) B npucyrcrsun I1AB B
pasMuHbIX 3JeKTposnTax. B mpucytcrBuu [TAB MOHO BBIIENUTH TPH OCHOBHBIX Cllydas. DHEPrHs aKTHBALMU
BO3pacTaeT. YBeln4eHHe A,pp CBUICTEIBCTBYET O BO3HHKHOBEHHH JONOJHHUTEIBHOTO MOTEHLMAIBHOTO Oapbepa,
T.€. IMEET MECTO AaKTHBALMOHHBIH MEXaHH3M TOPMOXCHHS. DHEPrusi aKTHBAILMM YMEHBINAETCs, T.€. obJyierdaercs
paspsin moHoB cBuHOA(Il). DHeprus akTMBaIMM HMMEET OTPHUIATENLHOE 3HAUEHHWE, TEMIIEPaTypHO-KHHETHUYECKas
KpUBasi MMeEeT OOpaTHYI0 3aBHCHMOCTB. DTO, BEPOSITHO, CBS3aHO C SIBIICHHEM KOMIICHCAIIMOHHOTO 3(QeKTa Mmpu
MOBBIIICHUH TEMIIEPATYPbl ¢ U3MEHEHHEM CTETICHH 3allOJHEHUs MOBEPXHOCTH 3MekTpoaa. M3ydyenHsie Hamu [IAB
a7CcOpOMPYIOTCS Ha CBHHILIOBOM 3JIEKTPOJE M 00JacTh MaKCHMAIIbHOW afcopOuuy HaxoauTcs B uHTEpBajie — 0.4 + -
1.0 B. Ilorenuunan Hynesoro 3apsana cBuHua Eqo = - 0.56 B, a paBHOBecHsIi moreHuman E, = - 0.126 B. Pazpsn
noHoB ceuHIA(II) B orcyTcTBHE ITAB npoTekaeT Ha MONOKUTENBHO 3apsKEHHOM MMOBEPXHOCTH AJIEKTPO/A.

KaioueBble ciioBa: MOHBI CBHHIIA, 3JIEKTPOBOCCTAHOBIICHHE, IOBEPXHOCTHO-aKTUBHBIE BELIECTBA, AJIEKTPOJIHT,
CBHUHILIOBBIN 3JIEKTPOJ, TOK 0OOMEHa.
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