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Abstract

The regularities of the PbO:-polyelectrolyte and PbO:-surfactant composite coatings deposition have been
investigated. On a cyclic voltammogram (CV) several characteristic areas can be distinguished: at the anode region
of the CV at potentials higher than 1.4 V, the anode current is growing exponentially due to the simultaneous reactions
of Pb(II) oxidation and the evolution of oxygen. At the cathodic branch of a CV, a current maximum is observed at
potentials of 1.0-1.2 V, corresponding to the reaction of the reduction of lead dioxide. If the polyaminoguanidine
hydrochloride is present in the electrolyte, the electrodeposition of lead dioxide is inhibited. If the anionic polymer
additive Nafion®is in the electrolyte, one can see an increase in the peak of cathodic reduction of lead dioxide, which
indicates an increase in the formation rate of Pb0O:. The addition to the electrolyte of anionic surfactants leads to a
slight inhibition of the process of deposition of PbOz. As one can see from the experimental data, the adsorption of
anionic surfactants is described satisfactorily by the Langmuir isotherm. Values of the limiting adsorption and the
adsorption equilibrium constant were calculated. According to the results obtained, the anionic surfactants, cationic
polyelectrolyte polyaminoguanidine hydrochloride and anionic polyelectrolyte Nafion® can be used as additives to
the electrolyte during the deposition of the lead dioxide. It has been established, that they are being included into the
growing deposit by forming the composite coatings with different composition and various electrocatalytic activity
in the reaction of the evolution of oxygen. The content of organic compound in the oxide can vary from 2 to 16 w.%, a
surfactant-oxide and polyelectrolyte-oxide composite coating is formed. The overpotential of the oxygen evolution
decreases in the line C4F9S03K> C12H2504SNa> C16H29006SNa. It should be noted that the energy of adsorption on PbO:
increases in the same line.
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CUHTE3 TA EJIEKTPOKATAJIITUIHA AKTUBHICTD PbO2-ITOJIIEJIEKTPOJIIT TA
PbO2-IIOBEPXHEBO-AKTUBHA PEYOBUHA KOMITIO3ULIUMHUX MIOKPUTTIB

TeTsaHa B. Jlyk’'sinenko, Osiekcanap b. Besiuenko® Osiecs b. lllMuukosa, Kaposina B. flHoBa,

Haraunis . KpuBoHoCcoBa
JABH3 «Ykpaincokuil depacasHull XiMiko-mexHo02iuHUll yHisepcumemy, npocn. ['azapina 8, m. [Jninpo, 49005 Ykpaina

AHoTarnjiqa

JocinigKeHo 3aKOHOMIPHOCTI eJIeKTPOoOcCaJKeHHs KOMMNO3uLiiiHuX NnoKpUTTiB PbO:z-mosienexkrtposit i PbO2-
NoBepXHEeBO-aKTUBHA pe4yoBHHA. Ha 1nuKIiYHIA BoJibTaMmeporpaMi MoO>KHa BHUJIJIMTH KijJibKa XapaKTepHUX
oGJ1acTeill: HA AaHOAHIH riyini 3a noteHuianiB Buie 1,4 B cTpyM 3pocTa€ eKCIOHEHLia/IbHO Yepe3 0AHOYaCHU M nepesir
peaxuiii okucHeHHs Pb(II) Ta BugineHns kucHio. Ha kaToAHii rijini BosibTaMneporpaMu cnocTepira€rbcsi MaKCUMyM
cTpymy 3a moteHuiaais 1,0-1,2 B, BigmoBigHo g0 peaknii BigHoBjeHHA maoM6yM(IV) okcuay. 3a HassBHOCTI
rizpoxysopuay mnoJiiamiHOryaHiJiHy B pO34MHi, eJeKTpoocaxeHHsA MawMGOyM(IV) okcuay iHriGyerbcs, ToAi sk
HasIBHICTh aHiOHHOI mosiimepHoi goGaBku Nafion® nmpuBOAUTH A0 36i/bIIeHHSA MKy KaTOJHOTO BiJHOBJIEHHS
mwioM6yM(IV) okcuay, o BKa3ye Ha 36i/IblIeHHs IBUAKOCTI yTBopeHHsA PbO2. JogaBaHHSA B €J1€eKTPOJIT aHIOHHUX
NOBEPXHEBO-aKTUBHUX Pe4YOBHH NPUBOJMTH A0 He3HAYHOro NpPHUrHiYeHHs nponecy ocaxeHHsA PbO:. Ik BujgHO 3
eKCllepUMeHTA/IbHUX JaHuX, aAcop6uisa aHioHHux IIAP 3amoBiibHO omucyeTbcsi i3oTepMmolo Jlenrmiopa. Bysm
po3paxoBaHi 3HaYeHHS IPaHU4YHOI aJcopoLii Ta KOHCTAHTH aACOpPO6LiiiHOI piBHOBaru. 3riiHO 3 OTpUMaHUMHU
pe3y/JbTaTaMM, aHIiOHHI NOBepXHEBO-aKTHMBHI pe4YOBHMHM, KaTiOHHMH T10JIieJIEKTPOJIT mNoJliaMiHOryaHiAiH
riazpoxysopup i aHioHHNH nosrieneKkTpoiT Nafion® MoXKyTh BUKOPHCTOBYBATHUCS B SIKOCTi J06aBOK [0 €JIEKTPOJIITY
ocamxeHHaA maMGYyM(IV) okcuay. BcraHOB/I€eHO, 10 BOHHM BK/IKYAKOTHCA B OKCHJ, YTBOPIOIOYHM KOMMNO3ULiHHI
NMOKPHUTTA 3 Pi3HUM CKJIAJOM i eJIeKTPOKaTa/IiTUYHOI0 aKTUBHICTIO B peakuii BUAiIeHHs KHCHIO. BMicT opraHiyHoi
CIOJIYKM B OKCHUAI MoOxke BapiloBaTHcs Bij 2 a0 16 Mac.%, yTBopwwo4Yd Kommno3suuiiiHe nokpurrta IAP-okcup i
noJiieneKkTpoJiT-okcuj,. [lepeHanpyra BUijieHHsI KUCHIO 3MeHIIY€EThCA B pAAY C4F9SO3K> C12H2504SNa> C16H2906SNa.
Cu1izx 3a3HAYUTH, 110 eHeprifa ajcop6uiliHol B3aeMojii 3 PbO2 36i/1b1Iy€ETHCS B TOMY XK pAAY.

Katouosi ca06a: io1ieeKTPOJIIT; TOBEPXHEBO-aKTUBHA PEYOBUHA; IJIIOMOYM 1i0OKCUJ; HITPaTHUHN eIeKTPOJIIT.
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CUHTE3 U DJIEKTPOKATAJIMTHYECKAA AKTUBHOCTD PbO2-IIOJIMDJIEKTPOJIUT
U PbO2-IIOBEPXHOCTHO-AKTUBHOE BEHIECTBO KOMIIO3ULITUOHHbIX IOKPBITUH

TatbsiHa B. JlykbssHeHKO, Anekcanap b. Beninuenko®, Onecs B. lllMmbrukoBa, Kaposinna B. AHoBa,

Harasba U. KpuBoHOCOBa
I'BY3 «YkpauHckuii 20cydapcmeeHHbll XUMUKO-meXHO102uYecKull yHugsepcumemy, npocn. 'azapua 8, 2. /[Hunpo, 49005,
Ykpauna

AHHoTanuga

UcciegoBaHbl 3aKOHOMEPHOCTH 3JIEKTPOOCAXKAEHUS KOMIO3UIUOHHBIX MOKPBITHI PbO2-m0/IM3JIEKTPOJIUT U
Pb02-I0OBEPXHOCTHO-aKTUBHOE BelecTBO. Ha HMK/IMYECKOil BOJIbTaMIIEPOTpPaMME MOKHO BBIAE/JIMTh HECKOJILKO
XapaKTepHbIX 06J/1acTeii: Ha aHOAHOW BEeTBM NpPH NMOTEeHIHaaxX Bbilie 1,4 B TOK pacTeT 3KCNOHEHIHAJIbHO H3-3a
OJHOBPEMEHHBIX peakuuii okucaenusa Pb(Il) u BelaeieHnsa Kucaopoaa. Ha kaToJHo# BETBU BOJIbTaMIIEPOTPaAMMBbI
Ha6JII0/jaeTcss MAKCUMYM TOKa MpH noTeHuasax 1,0-1,2 B, COOTBEeTCTBYWIMii peaKIiMHi BOCCTAHOBJIEHUA AUOKCHAA
cBuHLA. [Ipy HaJIMYMHU THAPOX/JIOPHAA MOJIMAMUHOTYAaHUAMHA B PACTBOpE, 3JIEKTPOOCAKJEHUE AUOKCHJA CBUHIA
HHTMGUPYETCs, TOTAa KaK Ha/lu4yMe aHUOHHON mosiMMepHOi go6aBku Nafion® mpUBOAUT K YBeJUYEHHUI0 MUKA
KaTOAHOTO BOCCTAaHOBJIEHUS AMOKCHJA CBHMHIQA, YTO yKa3blBaeT Ha yBeJMYE€HHE CKOPOCTH o6pasoBaHus PbO:.
Jo6aBjieHMe B 3JIEKTPOJIUT AHHUOHHBIX NOBEPXHOCTHO-aKTHBHBIX BELIECTB MNPHBOAUT K HE3HAYHUTEJIBLHOMY
HHIMGUPOBAHHUIO Mpouecca ocaxkAeHus Pb0:. Kak BUAHO U3 IKCIEPUMEHTa/IbHBIX AAHHBIX, aACOPOLUA aHUOHHBIX
IIAB yAOBJIETBOPUTEJBHO ONMMCBHIBAETCA H30TEPMOil JleHrMwpa. BbUIM paccyuTaHbl 3HAYEHUS NpeAebHOM
acopouuM M KOHCTAHTBhI aJACOPOLIMOHHOrO paBHOBecHs. COIJIAaCHO MNOJIy4eHHbIM pe3yJabTaTaM, aHUOHHBIE
NMOBEPXHOCTHO-aKTHBHbIE BeIIeCTBa, KATUOHHBIA MOJIU3JIEKTPOJUT TOJUAMHUHOTYaHUJUH THAPOXJIOPUJ |
AQHMOHHBIA MOJIN3/IeKTpoauT Nafion® MOryT McHnoJ/ib30BaThCsi B Ka4eCTBe A0GABOK K IJIEKTPOJIMTY OCAXKAECHUS
JMOKCHJA CBUHLA. YCTaHOBJIEHO, YTO OHHM BKJIIOYAKTCS B PACTYILIHIl 0Ca0K, 06pa3ys KOMIIO3UIUOHHbIE MOKPBITUS
C pa3/IMYHBIM COCTAaBOM U 3JIEKTPOKATAIMTHYECKOIl aKTUBHOCTBIO B PeaKIUM BblJeJIeHUs Kucjaopoja. CoaepxaHue
OpPraHM4YecKoro COeJMHEHUS] B OKCHJE MOXKeT BapbHpoOBaThcA OT 2 A0 16 mac.%, o6pa3ysi KOMNO3ULMOHHOE
nokpbiTie [IAB-0KCHA U MOJIN3JIEKTPOJIMT-0KCUA,. [lepeHanpskeHUe BblJe/IeHUs] KUC/I0Po/Ja YMEHbIIAETCA B PAAY
C4F9S03K> C12H2504SNa> C16H2006SNa. CiiegyeT OTMETUTD, UTO 3HEprus aJcopouoOHHOro B3aumoaeiicreusa ¢ PbO:
yBeJIMYUBAETCSA B TOM Ke psjy.

Kawuyesvle caosa: IOJIN3JIEKTPOJIUT; NOBEPXHOCTHO-AKTHBHOE BEIECTBO; AWOKCHU/] CBUHIIA; HI/lTpaTHbII‘/‘I 3JIEKTPOJIUT.

Introduction

Lead dioxide electrodes are of considerable
interest in their use at high anodic polarizations
[1-3]. They can be obtained by electrodeposition
from aqueous solutions and are characterized by
high electrical conductivity, low cost, suitable
corrosion resistance and high electrocatalytic
activity in reactions proceeding at high anodic
potentials with the participation of oxygen-
containing radicals [1; 4; 5]. At the same time, lead
dioxide-based materials have not yet had wide
practical application, because of unsuitable
mechanical properties, which are manifested
when the composite metal-based dimensionally-
stable anodes are being created, such as the bad
adhesion of the active layer to the substrate, in
particular. In this case, the rate of mechanical
destruction of the oxide layer of a dimensionally-
stable anode is proportional to the intensity of the
evolution of oxygen. One of the ways to solve this
problem is the surface treatment, the creation of a
transition layer, the deposition of a catalyst on the
another type of substrate, for example Ebonex®
[6]. Another way is to create a composite material
that would not be inferior in its properties to the
base oxide, but at the same time will have lower
internal stresses [7-11].

It is widely recognized, that the presence in the
solutions for the deposition of various additives of
ions and oxides of other metals has a significant

effect on the composition, physico-chemical
properties and electrocatalytic activity of the
obtained lead dioxide based materials [7; 12-15].
At the same time, in contrast to metal coatings, the
effect of organic additives on the regularities of
PbO; electrodeposition and the properties of
resulting materials remains virtually
uninvestigated. Since the electrodeposition of lead
dioxide is carried out at high anodic potentials, at
which most organic compounds oxidize at a
sufficiently high rate, the choice of additives is a
significant problem. Based on the general
considerations, water-soluble polymers
(polyelectrolytes) may have value for its usage as
an additive to the deposition electrolyte. The long
polymer chain and high molecular weight of the
polyelectrolytes would ensure the stability of this
class of compounds in the range of PbO;
electrodeposition potentials. In this paper, we
investigated the effect of a polymer additive on the
electrodeposition of lead dioxide, the composition
and the properties of the materials obtained.

Experimental and Methods

All chemicals were of the class of reagents. Lead
dioxide was electrodeposited from the nitrate
electrolytes which contained 0.1 M HNO3, 0.1 M
Pb(NO3)2.

Platinized titanium was used as a sheet. It was
treated as described in [7] before the platinum
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layer was deposited. The content of organic
compounds varied within: 1-10¢ to 0.01 M,
depending on the purposes of the experiment.
Electrolyte compositions and conditions of the
deposition of composite coatings were selected in
such a way that in all cases the current efficiency
of lead dioxide deposition was about 100%.

Electrodeposition regularities of doped lead
dioxide were studied on a Pt rotating disk
electrode (Pt-RDE, 0.19 cm?) by steady-state
voltammetry, chronoamperometry. For the RDE
experiments the voltammetry system SVA-1BM
was used. The rate of the scanning potential was
varied within 1+100 mV/s depending on purposes
of the experiments. Before an each experiment,
the electrode surface was treated with freshly
prepared mixture (1:1) of concentrated H,SO4 and
H;0; [7]. This preliminary treatment technique
permits to stabilize the electrode surface, which is
oxidized to a certain state under the action of
strong oxidizing medium (the phase and chemical
composition of the oxides on the surface is
defined), which determines the favourable
reproducibility in  obtaining the cyclic
voltammograms in the background electrolyte
(0.1 M HNOs3). Voltammetry measurements were
carried out in a standard temperature-controlled
three-electrode cell.

The reaction of the evolution of oxygen was
investigated by steady-state polarization on a
computer controlled EG & G Princeton Applied
Research potentiostat model 273A in 1M H,SOa.
All potentials were recorded and reported vs.
Ag / AgCl / KCl (sat).

Adsorption measurements were carried out
in 0.5 g of PbO, powder in 0.1 M HCI solutions
containing various amounts of additive. It should
be noted that the measurements were carried out
with the presence of the indifferent electrolyte
(0.1 M KCl), which shielded the electrostatic field
of the oxide surface. The time for establishing the
adsorption equilibrium was 24 hours. The content
of organic substance was determined by the
photocolorimetrical measurements after the
extraction of ionic associate with chloroform.

Results and Discussion

The development of a technology sets the task
of creating new composite polymer coatings or
films that combine both metal and /or oxide
properties and polymer properties (high elasticity
and strength). The electrodeposition method has
been well studied for the preparation of polymer
films [16-19]. Electrodeposition is also an
effective method in the manufacture of ceramic
materials, as well as organoceramic films [20-22].

Electrodeposition of ceramic materials can be
performed both in cathodic and anodic ways. At
the same time the nanostructured ceramic films
are formed. The main component of the formation
of films is one that is used for the electrophoresis
- aprocess in which the charged ceramic particles,
which are dispersed in a solution, migrate in an
electric field to the electrode. The formation of the
composite occurs by coagulation of particles on
the surface of the electrode. For a more successful
deposition of ceramic films the electrolytes
include various additives, such as polymers, which
influence the formation of colloidal particles [23].

[t should be noted that there are no data in the
literature discribing the effect of polyelectrolytes
on the regularities of electrodeposition and the
physico-chemical properties of oxide materials,
lead dioxide in particular.

In some cases, small amounts of ionic additives
are included in the growing oxide, forming the
micromodified materials based on lead dioxide [7;
12]. On this basis, it should be assumed that the
addition of organic substances will also affect the
electrodeposition, composition and the properties
of the oxide materials.

At  the beginning of investigation,
polyelectrolytes and surfactants of various classes
were selected.

Polyelectrolytes:

i) cationic

polyaminoguanidine hydrochloride;

acrylamide based polymer Magnafloc (Ciba);

ii) anionic

perfluorinated ionite Nafion® (Du pont).
Surfactants:

i) cationic

aethonium (1,2-ethylene-bis-(N-decyloxycarbo-

nylmethyl-N, N-dimethylammonium) dichloride);

ii) anionic

potassium

(C4F9S0O3K);

sodium dodecyl sulfate (SDS, C12H25S04Na);

sodium laureth sulfate (SLES, C16H20SOsNa);

iii) non-ionic

nonoxynol-3 (monoalkyl ether of polyethylene

glycol based on primary fatty alcohols).

Since the organic additives must be adsorbed
on the surface of the oxide, the adsorprion of the
compounds included in the PbO; has been
investigated.

It was established that the adsorption of
Nafion® (Fig. 1) and polyaminoguanidine
hydrochloride (Fig. 2) on the surface of lead
dioxide is described by an isotherm, similar to the
Langmuir isotherm. The nature of the adsorption
isotherm shows the high affinity of the adsorbate

nonafluoro-1-butanesulfonate



95

Journal of Chemistry and Technologies, 2019, 27(1), 92-100

to the surface. Even at low concentrations, the
magnitude of adsorption increases sharply and
quickly reaches an almost constant value. As a
result of potentiometric measurements, it was
established that the adsorption of Nafion® on PbO,
is accompanied by a shift of the zero charge point
of the oxide to a region of higher pH. This suggests
that the adsorption of polyelectrolyte at pH < pH,
is caused by not only the electrostatic attraction of
the polyanion to the positively charged surface of
lead dioxide, but also, apparently, as a result of
some specific interaction. This assumption is well-
supported by the data on the adsorption material
balance [24]. It was established that the
adsorption of the polymer is accompanied by the
release of OH- ions. If we assume that the
adsorption is carried out with the participation of
the SO3- groups of the polymer, the release of
hydroxide ions can be explained by the
coordinating interaction of the polyanion with the
lead surface cations on the surface of PbO;:
=PHOH + Rn(SO5)m —> =Pb(SO5)R(SO5)m1 + OH"  (1).
With a decrease of the pH of the solution, the
adsorption of Nafion® on PbO; increases
significantly (see Fig. 1), which can be associated
with both the increasing role of the electrostatic
factor, caused by the increase in the positive
charge of the oxide, and the transition of the
polymer to the protonated form.

(3 Swyy

1 T T T T T T
o 0.4 0.8 1.2 1.6

Ceqit Nafion®x16%/ %

Fig. 1. The adsorption of anionic polyelectrolyte
Nafion® on the lead dioxide in 0.1 M HCI (1) and Hz0

(2)

The adsorption of Magnafloc is also specific,
and its basic regularities are similar to those
previously described for Nafion®.

As one can see from the experimental data, the
adsorption of anionic surfactants is described
satisfactorily by the Langmuir isotherm (Fig. 3).

12

A/mg gt

T T T T T T T T T T T T T T T T 1
0 0.4 0.8 1.2 1.6

Polyaminoguanidine hydrochloride concentration/ %o

Fig. 2. The adsorption of cationic polyelectrolyte
polyaminoguanidine hydrochloride on the lead dioxide
in H20

In coordinates A-1=f (C-1), a linear dependence
is observed (correlation factor 0.998), from
which the values of the limiting adsorption and
the adsorption equilibrium constant were
calculated (Table 1).

A1107% f gmole?

60 ]
40

20 A

0 100 800 1200
€110 /M2

Fig. 3. The Langmuir isotherm of SDS (a), SLES (b)
and potassium nonafluoro-1-butanesulfonate (c) on
PbO: in linear coordinates

The values of the energy of adsorption
interaction (-AG) are changed in line
C16H2906SNa> Ci2H2504SNa > C4F903SK and are
35.0; 34.1 and 31.5 k] mol?, respectively. The
obtained values indicate the electrostatic
adsorption of anionic surfactants on the lead
dioxide. This is also confirmed by a slight shift of
the pHo of the oxide, which is 0.71£0.1 Vin 0.1 M
HNOs [7; 24].
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Table 1
Adsorption parameters of anionic surfactants
Limiting Adsorption
Surfactant adsorption A 103, equilibrium
mole g1 constant
C4F9S03K 3.07 6022.1
C12H25S04Na 3.72 17162.4
C16H20SO6Na 4.15 24638.4

Non-ionic and cationic surfactants are not
adsorbed on the positively charged PbO; surface.

The next step was to investigate the
electrochemical stability of the organic additives
which have an impact on the PbO; deposition
potentials.

Cyclic voltammograms (CV) were taken on a Pt-
electrode in a 0.1 M HNO3 background electrolyte
with the included additives (potential scan range
0-1.8 V). It was found that the cationic
polyelectrolyte Magnafloc shows an
electrochemical activity, forming a phase film on
the electrode. In this regard, this polyelectrolyte is
not of our interest in further research. The
remaining additives, selected by the adsorption,
did not show an electrochemical activity in the
potential range under study. Thus, anionic
polyelectrolyte Nafion®, cationic polyelectrolyte
polyaminoguanidine hydrochloride and anionic
surfactants can be used as additives to the lead
dioxide deposition electrolyte.

To determine the effect of organic additives on
electrodeposition of lead dioxide qualitatively, the
cyclic voltammograms were obtained on a
platinum electrode. On the CV (potential scan
range 0.8-1.6 V) several characteristic areas can
be distinguished [7, 25] (Fig. 4). At the anode
region of the CV at potentials higher than 1.4 V, an
anode current is growing exponentially due to the
simultaneous reactions of Pb(II) oxidation and
oxygen evolution. At the cathodic branch of the CV,
a current maximum is observed at the potentials
of 1.0-1.2 V, corresponding to the reaction of the
reduction of lead dioxide:

PbO; + 4H* - Pb2* + 2H,0 + 2e- (2)

As it was established earlier [7; 25], the area
and size of the cathode peak characterizes the
amount of oxide formed on the electrode surface,
that allows one to use these parameters for a

qualitative assessment of  the PbO;
electrodeposition rate.

The addition of polyelectrolytes into the
deposition electrolyte affects the oxidation
process of Pb2+ (Fig. 4). At the same time, the
nature of the substance plays a significant role.
When polyaminoguanidine hydrochloride is
present in the electrolyte, the electrodeposition of
lead dioxide is inhibited. With the presence of
anionic polymer additive Nafion® in the
electrolyte, one can see an increase in the peak of
cathodic reduction of lead dioxide on the CV (see
Fig. 4), which indicates an increase in the

formation rate of PbOs,.

0.0 —

g
o
1

ja /mA cm?

-2.0 -

— I r I T T T T T T T 1
0.8 1.0 1.2 1.4

Evs. Ag/AgCl/V

Fig. 4. Cyclic voltammograms cathodic branches (scan
range 0.8 to 1.6 V) on Pt-DE in solutions containing
0.01 M Pb(N03)2+0.1 M HNO3 (1) + 0.2% Nafion® (2) or
0.2% of polyaminoguanidine hydrochloride. v=100
mV/s.

The addition to the deposition electrolyte of
anionic surfactants leads to a slight inhibition of
the process of deposition of PbO; (Fig. 5).

It was established that the additives chosen for
further studies (anionic surfactants,
polyaminoguanidine hydrochloride and Nafion®)
are being included in the growing lead dioxide.
The content of organic compound in the oxide can
vary from 2 to 16 w.%, the surfactant-oxide and
polyelectrolyte-oxide composite coating is
formed (Table 2).
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I/ mA

1.2 1.6

1.2 1.6

Evs. Ag/AgCl/V

Fig. 5. Cyclic voltammograms (scan range 0.8 to 1.6 V) on Pt-DE in solutions containing 0.01 M Pb(NO3)z+ 0.1 M
HNOs + 0.0003 M SDS (a); SLES (b); C4F9S03K (c). v=100 mV/s.

Table 2
The content of polyelectrolytes anf surfactants in
Pb0:-anodes due to deposition conditions

Solution, ja= 4 mA cm2 w.%

0.1M HNO3 + 0.1M Pb(NO3)2 + 0.02% 1.9
polyaminoguanidine hydrochloride

0.1M HNO3+ 0.1 M Pb(N03)2+0.05% 7.6
Nafion®

1M HNO3+ 0.1 M Pb(NO3)2+ 0.005 M C4F903Sl 16.2
0.1M HNO3+ 0.1 M Pb(NO3)2+ 0.0007 M C12H2 4.2
0.5M HNO3+ 0.1 M Pb(NO3)2+ 0.007 M C16Hz9! 4.8

The inclusion of organic additives into the
coating (like the ionic additives [12, 25]) can have
a significant impact on physico-chemical
properties of obtained materials, for example, on
their morphology and structure.

It should also be assumed that the composite
oxide-surfactant  and oxide-polyelectrolyte
materials will differ significantly in their

electrocatalytic activity from lead dioxide. Since
the vast majority of electrochemical processes at
high anodic potentials occur with the participation
of oxygen-containing particles which are adsorbed
on the electrode (so-called oxygen transfer
reactions), it is convenient to evaluate the nature
of effects by changing the reaction rate of the
evolution of the oxygen.

The rate of the process of the evolution of
oxygen on composite materials depends on both
the nature and the content of the additive in the
oxide (Fig. 6). Thus, the overpotential for the
evolution of oxygen decreases in the line
C4F9503K> C12H2504SNa> C16H29068Na. It should
be noted that the adsorption energy on PbO;
increases in the same row. The nature and content
of polyelectrolytes in lead dioxide also have a
significant effect on the reaction of the evolution of
oxygen (Fig. 7).
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E vs. Ag/AgCl/ V

Fig. 6. Steady-state polarization curves of the evolution of oxygen in 1 M H2S04 on the next electrodes: PbO: (1);
Pb02-2% C4F9SO3K (2); Pb02-2.2 % C12H2504SNa (3); PbO2-2.4 % C16H2906SNa (4).

- [ ]
40 |- -1 =
o — -2 !
g -3 N
(=]
< B e
= i
S~ J’[ ‘,&
.S, ; .
(ST
;
20 | .
a K
.
/ e
| o 2
Y-
R
,:{5»,7’-@'
o A £ LA T b ik 1 1 L 1
1.8 2.0 22

E vs. Ag/AgCl/ V

Fig. 7. Steady-state polarization curves of the evolution of oxygen in 1 M H2S04 on the next electrodes: PbO: (1);
PbO0:2-2% polyaminoguanidine hydrochloride (2); Pb02-6.6 % Nafion® (3)

Conclusions
Thus, according to the results obtained, anionic
surfactants, cationic polyelectrolyte

polyaminoguanidine hydrochloride and anionic
polyelectrolyte Nafion® can be used as additives to
the electrolyte during the deposition of the lead
dioxide. It has been established, that they are
included into the growing deposit and form the
composite coatings with different composition
and various electrocatalytic activity in the
reaction of the evolution of oxygen. The content of
organic compound in the oxide can vary from 2 to
16 w.% and the composite surfactant-oxide and
polyelectrolyte-oxide coating is formed. The
overpotential for the evolution of oxygen
decreases in the line C4F9SO3K> Ci2Hz504SNa>
C16H2006SNa. It should be noted that the

adsorption energy on PbO; increases in the same
line.
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