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Electrochemical Method for Producing a TiO2 Film
with Photocatalytic Properties

The purpose of this work is to study the production process of titanium dioxide during anode polarization in
sulfuric acid and hydrochloric acid solutions. The studies were carried out by recording cyclic voltammogram
and by measuring the titanium oxidation current with a change in the voltage between the electrodes. It has
been established that with a change in the concentration of sulfuric acid in the range of 50-250 g/l and the
voltage between the electrodes in the range of 0-25 V, the magnitude of the titanium oxidation current in-
creases and reaches 29.4 mA. With an increase in the concentration of hydrochloric acid from 35 to 100 g/l
and a change in the voltage between the electrodes, the titanium oxidation rate<increases evenly, but in the
voltage range of 10-12 V, a sharp increase in the current magnitude up to 360 mAvis observed. A change in
the oxidation current indicates an increase in the rate of titanium dissolution. With an increase in the duration
of electrolysis, the magnitude of the anode current generally decreases. In all:probability, at a voltage of 14 V
and higher, a breakdown of the oxide semiconductor film of titanium dioxide is observed in the hydrochloric
acid solution. In this regard, a noticeable dissolution of titanium occurs and, subsequently, an oxide film is
not produced, but titanium ions are produced. Visual observations have shown that titanium passes into solu-
tion in the form of titanium (1V).

Keywords: titanium dioxide, coating, electrode, electrolyzer, polarization, voltage, sulfuric acid, hydrochloric
acid.

Introduction

Titanium and its compounds have unique physical, chemical and technical characteristics, and therefore
have many applications. Of particular interest is titanium dioxide in the form of powders, as well as in the
form of a film produced on its.surface. For example, nanocrystalline titanium dioxide (TiO,) films have pho-
tocatalytic properties, and therefore are used in solar cells as an N-type conductivity material and a hole-
blocking layer. The thicknessof the TiO; film and its structure have a significant effect on the characteristics
of the solar cell [1].

Titanium dioxide has semiconductor properties and is used in heterogeneous catalysis processes. The
photocatalytic activity of titanium dioxide is determined by its physicochemical properties, which depend on
the conditions of production [2-6]. Due to its photocatalytic activity, TiO, contributes to improving the
efficiency of water.and air purification processes from toxic organic impurities, to synthesize hydrogen as a
result of water photocatalysis, to reduce CO; to CH,4 and its homologues [7-10].

Titanium.dioxide is increasingly being used as a photocatalyst due to its high chemical resistance, lack
of toxicity and low cost [11].

The authors [12] A.K. Abildina, K. Avchukir, R.Z. Dzhumanova, et al. present the results of a study of
the morphological characteristics of an anode based on titanium dioxide powder using ellipsiometry, scan-
ning electron microscopy (SEM) coupled with energy-dispersive X-ray spectroscopy (EDS) and X-ray dif-
fraction (XRD), as well as electrochemical properties by cyclic voltammetry. The main stages of anode pro-
duction were: dispersing, mixing the initial reagents for obtaining homogenized paste and its coating to a
substrate, drying and cutting the electrodes. The results of ellipsiometry, SEM and EDS showed a uniformly
distributed layer of about 200 pm thickness with porous structure, particle diameter in the range of 50-80 nm
and titanium dioxide content (45.7 %). The XRD data confirm the formation of an active anode matrix with a
monoclinic crystal lattice corresponding to the modification of titanium dioxide (B) with small inclusions of
anatase. The electrochemical behavior of the resulting electrode was examined in an Mg(TFSI). solution
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based on acetonitrile. In [13], a self-organized nanotubular titanium dioxide (TiO) array was obtained by
anodizing pure titanium in a mixture of glycerol, distilled water (8 % vol.), and ammonium fluoride using a
system with two electrodes. The size and distribution of nanopores were controlled in the DC voltage range
from 30 V to 60 V. It was shown that the diameter of TiO> nanopores depends on the anodizing voltage.
There are research works [14], which show that electrodes for a supercapacitor were prepared by doping tita-
nium dioxide with gold. It has been established that electrodes with a low gold concentration have the best
electrochemical characteristics.

A one-step electrochemical method for the deposition of nanocrystalline titanium dioxide films on vari-
ous carbon substrates is presented by authors [15]. By optimizing the synthesis conditions, the electrodeposi-
tion of layers of nanocrystalline and porous titanium dioxide was achieved in only a few minutes. The phase
composition of TiO, was controlled by varying the composition of the solution. The photoelectrochemical
performance of the electrodeposited titanium dioxide films was better or at least comparable to the bench-
mark P25 titanium dioxide films.

Ali, H.M. in the review [16] presented detailed information about the properties-and-applications of ti-
tanium dioxide. He emphasizes the distinctive characteristics of titanium dioxide, such as high refractive in-
dex, extremely high melting and boiling point, high toughness and hardness, photocatalytic nature, ability to
absorb or reflect UV rays, DeNox catalyst, nontoxicity, inertness, etc., have led to massive use of TiO; in
various traditional as well as advanced engineering applications.

The purpose of this work is to study the production process of titanium dioxide during anode
polarization in sulfuric acid and hydrochloric acid solutions. The studies were_carried out by recording cyclic
voltammogram and by measuring the titanium oxidation current with:a change in the voltage between the
electrodes.

The novelty of the work is due to the fact that for the first time.the investigation results of the TiO;
oxide films formation process on the surface of a titanium electrode by measuring the value of the oxidation
current depending on the voltage between the electrodes are‘presented.

Experimental

The mechanism of titanium dioxide production on the titanium surface was studied by recording anode-
cathode cyclic voltammograms and by electrolysis under potentiostatic conditions. VVoltammograms recorded
with a Cortest CS120 single-channel potentiostat (potential range/resolution: £10 V/10 mV, current
measurement range +2 A) (Corrtest Instruments Company, China). The voltammograms are recorded using
the NOVA 1710 program installed on.a personal computer. The main voltammograms were recorded at a
potential scan rate of 100 mV/s. Polarograms were recorded in a three-electrode cell. The surface edge of a
titanium wire with a diameter of 1.5 mm was used as the working electrode, and a platinum wire was used as
the second additional electrode. A silver chloride electrode immersed in a saturated solution of KCI was used
as a reference electrode (E=4+203 mV).

Titanium was used for the experiments, the purity of which corresponds to the elemental analysis data
given in Table 1 (all results in'mass.%):

Table 1

Elemental composition of metallic titanium

Spectrum Ti Si Al 0] Total
Spectrum 1 97.56 0.30 0.48 1.67 100
Spectrum 2 98.16 0.30 0.51 1.03 100
Spectrum 3 97.24 0.44 0.44 1.88 100
Average 97.65 0.34 0.48 1.52 100

Further, to clarify the mechanism of production of the titanium oxide film, electrolysis was carried out
under potentiostatic conditions, i.e. at certain voltages between the electrodes. The schematic diagram of the
installation for obtaining a titanium dioxide film on the titanium surface is shown in Figure 1.

The anodic behavior of the titanium electrode was studied in sulfuric acid (0-250 g/l) and hydrochloric
acid (0-100 g/l) solutions. The experiments were carried out in an electrolyzer with a volume of 100 ml, a
titanium plate was used as a cathode. The electrolysis was carried out under stationary conditions, i.e. in the
absence of electrolyte mixing. The electrodes were polarized using a GPS-1830 D current rectifier.
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1 — electrolyzer; 2 — titanium electrodes; 3 — electrolyte (different medium);
4 — ammeter; 5 — voltmeter; 6 — rectifier; 7 — key

Figure 1. Schematic diagram of the installation for obtaining a TiO- film on the surface of a titanium electrode

We carried out preliminary studies, which showed that during the anode polarization of the titanium
electrode, a very small current flows through the circuit. The electrode surface is instantly covered with an
oxide film, and passivation occurs. In this regard, we studied the effect of the.voltage between the electrodes
on the current value to study the conditions for the production‘of titanium dioxide films on the surface of the
titanium anode.

The structure of the titanium dioxide film obtained as a result of electrolysis was investigated by
methods of physico-chemical analysis. Micrographs of <the surface of the synthesized electrode and its
elemental composition were obtained using a JSM-6610 LV Scanning Electron Microscope (JEOL company
(Japan). Images of the obtained films were taken.using a Canon EOS 2000D EF-S 18-55 SLR camera
(Canon company (Japan).

Results and Discussion

On the anode-cathode voltammograms, obtained in a solution of sulfuric acid with a concentration of
100 g/l, a weakly noticeable maximum is observed at a potential of 0.01 V (Fig. 2). When the potential is
shifted further, in the anode direction, the height of the current maximum does not increase. At the same
time, it is visually seen that the titanium surface darkens, in all likelihood, titanium oxide films are produced.
We believe that, at these potentials, titanium is oxidized through the stage of production of TixOy oxide films.
With a further shift of the anode potential to “plus” 2.6 V, oxygen release on the surface of the titanium elec-
trode is not observed. When the potential is shifted in the cathode direction, at potentials close to “minus”
1.2 V, the hydrogen ion reduction current is observed on the voltammogram.
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Figure 2. Cyclic anode-cathode voltammograms of titanium electrode in sulfuric acid solution
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Then the anode-cathode cyclic voltammograms were recorded in hydrochloric acid solution. The volt-
ammograms have a similar character, but the value of the anode trans-passivation current has a higher value.
The voltammograms are analogous, but the value of the anode transpassivation current is higher. This indi-
cates a more active anodic oxidation of titanium with the production of titanium oxide films.

Based on the analysis of the anode-cathode cyclic voltammograms, it can be assumed in acidic
solutions during anode polarization, an oxide film is produced on the titanium surface and, possibly, the
electrode is partially dissolved at a very low rate. In this case, the following reactions can occur on the
titanium anode:

Ti—3e — Ti* Eo=-1.23V; (1)
Ti + 2H,0 — de~ — TiO; + 4H* Ee=-1.00V; )
Ti + HoO — 4~ — TiO? + 2H* °=_0.88 V. 3)

The main objective of this article is to obtain titanium dioxide on the surface of titanium metal in the
form of a thin film. Preliminary studies have shown that during anode polarization of a titanium electrode in
aqueous solutions, titanium dioxide (TixOy) is produced on its surface depending on the experimental
conditions (i.e., on the voltage between the electrodes, current density, solution compasition, electrolyte
temperature, etc.). It is established that, depending on the polarization conditions, various.colors of titanium
dioxide is produced on the titanium surface.

With anodic polarization of the titanium electrode, apparently it is completely passivated immediately.
However the detected currents on the voltammograms and the change in.the color of the electrode surface
show that titanium is not completely passivated, and its dissolution continues through a layer of oxide films.
We have studied the processes occurring under various conditions of electrolysis. The results of the study
showed that first a thin layer of titanium oxide with high electrical resistance is formed. Then there is a
further increase in the thickness of the titanium oxide films at a very low rate. The oxidation of titanium and
the formation of the next layer occur according to a very complex mechanism. The production of new TiO;
oxide film layers can occur as a result of titanium ionization reactions through micropores of the obtained
oxide films. These processes, depending on the conditions of electrolysis (the composition of the electrolyte,
the voltage between the electrodes, etc.), the reaction rate of oxide films production proceed differently.

We have studied the rate of titanium oxidation and the production of TiO- on its surface depending on
various parameters. The influence of the voltage between the electrodes on the current power of titanium
oxide production at various concentrations of sulfuric acid is established. The results are presented in
Table.2. It is shown that with the concentration growth of sulfuric acid and the voltage between the
electrodes, the initial current value for obtaining titanium oxide films by reaction (2) increases (Table 2). For
example, at a voltage between the. electrodes of 15.0 V, the titanium oxidation current at concentrations of
50, 150, 250 g/l, respectively, is'11.7; 15.:5; 18.9 mA. At a concentration of sulfuric acid of 150 g/l and at a
voltage between the electrodesof 5.0 V; the oxidation current is 10.0 mpa, and at 25.0 V is 26.1 mA.

Table 2

Influence of voltage between the electrodes on the value of the anode current at various concentrations
of sulfuric acid (the current value was measured 3 minutes after the voltage was applied)

The value of the anode current, mA
H2SO4, g/l E,V
0 5.0 10.0 15.0 20.0 25.0
50 0 1.1 5.0 11.7 16.0 23.4
150 0 10.0 12.4 15.5 19.3 26.1
250 0 12.2 13.3 18.9 20.8 29.4

The experimental results showed that, in all cases, the value of the anode oxidation current decreases
over time (Table 3). At the beginning of the polarization process, the oxidation current has a large value, but
after a while its decrease is observed. Within 60 minutes, the anode current decreases and its value reaches 0.
This indicates that in a sulfuric acid solution, the anode current flowing through the titanium electrode is
mainly consumed for the production of titanium dioxide on its surface.
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Table 3

Influence of the duration of electrolysis on the value of the anode current at different voltages
between the electrodes in a solution of sulfuric acid: H2SO4 — 150 g/I, t = 25 °C

The value of the anode current, mA
EV T, min
0 3 6 9 12 15 18 21 24
5.0 121.1 10.0 0.64 0.38 0.28 0.25 0.19 0.15 0.12
10.0 152.2 12.4 11.5 11.3 8.6 7.7 6.3 5.9 5.1
15.0 154.4 15.5 12.3 11.6 10.4 9.5 8.4 8.0 7.5

The process of production of an oxide film on titanium in hydrochloric acid solutions was‘studied. It
was established that the oxidation of titanium in a hydrochloric acid solution proceeds more intensively
compared to the process occurring in a sulfuric acid solution. There are dependences on the Figures 3 and 4
showing that with an increase in the concentration of hydrochloric acid and the voltage between the elec-
trodes, the rate of titanium oxidation growths evenly. However, at a voltage of 10-12.V, a sharp increase in
the dissolution rate of titanium is observed (judging by the magnitude of the oxidation-current). At hydro-
chloric acid concentrations of 35, 70, 100 g/l, the anode current value is 325, 365, 366 mA, respectively (the
current value was measured 3 minutes after the voltage was applied) (Fig. 3). With an‘increase in the dura-
tion of electrolysis, the value of the anode current decreases. However, at:a voltage of 14 V, the anode cur-
rent increases sharply within 30 minutes and slightly decreases from 360 to 320 mA (Fig. 4). We believe that
a breakdown of the oxide film of titanium dioxide is observed in a hydrochleric acid solution at a voltage of
14 V and above. In this regard, titanium dissolves, further oxide production does not occur, but titanium ions
are produced. It is visually observed the solution remains colorless, which indicates the production of tetra-
valent titanium ions. The production of trivalent ions is excluded, since they have a purple color.
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300+ 1 3004
250 ~
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Concentrations of hydrochloric acid, g/l: HCI— 70 g/l, t = 25 °C;
1-—35;2—70;3—100 1—80V;2—100V;3—14.0V
Figure 3.Influence of the voltage between the electrodes Figure 4. Influence of the duration of electrolysis
on the value of the anode oxidation current on titanium on the value of the anode oxidation current of titanium
at different concentrations of hydrochloric acid at different voltages between the electrodes

Thus, we have established that in a hydrochloric acid solution with anode polarization, the production
of titanium dioxide occurs only at low voltages between the electrodes, not exceeding 10 V, and in a sulfuric
acid solution, inclusive, 25 V.

Identification of the TiO, film produced as a result of electrolysis of sulfuric acid solutions at a voltage
not higher than 10 V was carried out using physical and chemical methods. As the results of the physical and
chemical analysis showed, in all cases, titanium oxide of the composition TiO- is produced on the surface of
titanium (Table 4).
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Table 4

The composition of the oxide film produced on the surface of the electrode in a solution of sulfuric acid:
H2SO4 — 50 g/1, E=20 V, 7=1 hour, t=25 °C

Spectrum 0 Ti Si Al Fe Zn Total
Spectrum 1 37.09 62.42 0.09 0.07 0.26 0.09 100
Spectrum 2 39.55 59.79 0.10 0.05 0.37 0.14 100
Spectrum 3 40.28 58.90 0.09 0.09 0.37 0.28 100
Average 38.97 60.37 0.09 0.07 0.33 0.17 100

Micrographs of films on a titanium electrode are shown in Figure 5. The micrograph in Figure 5a was
obtained by a magnification of 3000 times, in Figure 5b — by a magnification of 1000 times. In both cases,
the grain size of the particles is visible.

&l . - Jo
SEl  20kV WD8mm §820 x1,000 10pm
Sample 14879 15 Nov 2021

SElI  20kV WD8mm §820
Sample 14878 15 Nov 2021

Figure 5. Micrographs of titanium dioxide films produced on the surface of a titanium anode
in a sulfuric acid solution with an increase: a) 3000 times; b) 1000 times

~

a b
a— H;S0,— 150 ¢g/l; E=10V; t=1hour; b —HCI—70g/l, E=10 V; t=1 hour

Figure 6. Photographs of the titanium surface after electrolysis of the coated oxide film

Researchers Kuz'mina M.Yu., Belik O.D. [17] argue that films often produced on the surface of metals
have non-uniform thickness. Using X-ray diffraction analysis, they studied the composition of oxide layers
on titanium during its anodization in aqueous solutions of acids and alkalis in galvano- and potentiostatic
conditions. It is shown that the composition of the films obtained in aqueous electrolytes, along with the
basic oxide TiO, (anatase), also includes a number of lower oxides (TisO7, TizOs, Ti>Os, TiO). It is known
from the literature [18] that, during the electrochemical oxidation of titanium, oxide films with an interfer-
ence color are formed. In our experiments, light blue films were obtained in a solution of sulfuric acid and
golden yellow in a solution of hydrochloric acid (Fig. 6). The composition of the film was identified by X-
ray phase analysis (Fig. 7) as titanium dioxide in the form of anatase (all reflections refer to TiO,).
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Figure 7. X-ray of titanium dioxide

Conclusions

Titanium is an unusual metal with special properties. It. does not dissolve under normal conditions in
aqueous solutions of acids and during anodic polarization,.i.e. it undergoes passivation, since an oxide film
forms on its surface. It is believed that after the formation of'an oxide film, the dissolution of titanium stops
completely. However, the results of our studies have shown, titanium continues to oxidize even with further
polarization. This can be judged by the increase current value of the titanium oxidation with a change in the
voltage between the electrodes as a function.of time. It has been established that transpassive dissolution
occurs in the sulfuric acid medium, while the value of the oxidation current reaches 29.4 mA at a voltage of
25V, and in the hydrochloricracid medium, the oxidation current reaches 360 mA at a voltage of 14
V. These data show that titanium continues transpassive oxidation in electrolyte solutions, and in a
hydrochloric acid medium, the-dissolution rate increases significantly.
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Becta. UpI'TY. — 2011. — Ne 8 (55).~— C. 139-143,

A. Baemos, A.C. Kagup6aeBa, A K. baemosa, A.A. )KapmeHos

DoTOKATATNTHKAIBIK KacueTke ue TiO» ;ka0bLIHBIH
AJYAbIH JIEKTPOXUMHUSJIBIK JicCi

JKyMBICTBIH MaKcaTbl KYKiPTKBIIIKBULIBI )KOHE TY3 KBIIIKBULIBI pITIHALIEp/e aHOATHIK NOJIIpU3anysl Ke3iHue
TUTAH HUOKCHUIIHIH TY311y MPOIECIH 3epTTey. 3epTTeysiep MUKIII MOTCHIIMOANHAMUKAIIBIK BOJIBTAMIIEPIIIK
KHCBIKTBI TYCIpy JKOHE 3JICKTPOATAp apachIHIAFrbl KEpHEYHIH e3repyiHe OaiilaHbICTBI THTaHHBIH TOTBIFY
TOTBIHBIH IIAMAChIH OJIIIEY apKbUIBI KYpTri3inai. KyKipT KBIIIKBUIBIHBIH KOHIEHTpamusceiH 50-250 r/n
apaibIFBIH/IA )KOHE AIIEKTPOATap apachiHAarsl KepHeyai 0—25 B apanbsiFbIHIa ©3repTKEHAE, TUTAHHBIH TOTBIFY
TOTBIHBIH [IaMachl ©CETiHI XoHe Oy mama 29,4 MA-re jkeTeTiHi aHBIKTaNAbl. Ty3 KBIIKBUIBIHBIH
KOHIeHTpauusiceiH 35-teH 100 1/n-re neifiH e3repTKeHe JKoHe IEKTPOATAp apackiHaarsl kepHeyai 0-14 B
apaJbIFbIHIA ©3TePTKEH I, TUTAHHBIH €py JKbUIIaM/IBIFEI Oip KAJIBIITHI ©CETiHI, OipaK KepHeyaiH Moni 1012
B apacbiHa 6osFaHa THTAHHBIH TOTBIFY TOTHI KYPT ocir, 360 MA-Te xxereTiHi kepceTini. TOTBIFY TOTbIHBIH
e3repyi THTAHHBIH €pYy KbULIAM/IbIFBIHBIH apTaThIHBIH JAJIEIIe/i. DIEKTPOIN3 Y3aKThIFbIH apTThIPY Ke3iHae
AQHOATHIK TOKTHIH IIaMAachl HeTi3iHeH a3assl. [llamackl, kepHey 14 B jxoHe onaH 1a )KoFapbl OOJIFaH Ke3/1e Ty3
KBIIIKBUIIBI €PITIH/AIAE JKapThUIall OTKI3TIMITIK KACHETKE He TUTAaH JHOKCHIIHIH IUIEHKACHIHBIH TECLITyl OpBIH
ananpl. OcblFaH OailIaHBICTBI THTAHHBIH aWTapibIKTall MeIIepae epyi OaiKamaabl OHE OJaH aphl Kapait
OKCH/ITIK TJIEHKA Ty3inmMmeimi me, tTuTaH woHAapbl Ty3ineni. Kepueki Gakputaymap tutanubiH tHTan (1V)
TYPIHJETI epiTIH/Ire aybICaTHIHBIH KOPCETTI.

Kinm ce30ep: TWTaH, TUTAaH AWOKCH[I, TJICHKA, 3JIEKTPOJ, TOTBIFY TOTBI, MOJSIPH3ALHs, KEPHEY, KYKipT
KBIIIKBUTBL, TY3 KBIIIKBUIBL.
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A. baemos, A.C. Kagup6aesa, A.K. baemosa, A.A. XXapmeHoB

DJIeKTPOXUMHYECKHH crioco0 moaydyenus mieHku TiO2, o6aanarmeit
(doTokaTaINTHUYECKMMU CBOHCTBAMU

Ienpto paboThI ABISETCS U3yUCHHE Tpoliecca GOPMUPOBAHUS JHOKCHIA THTAHA NP aHOIHON MOJISPU3AINN
B CEPHOKHCIBIX M COJSIHOKHCIBIX pacTBopax. VccinenoBaHHS HPOBOAWIM METOJOM CHATHSA IMOTEHIMO-
JIMHAMHUYECKON LUKIMYECKOW BOJIBTAMIIEPHOM KPUBOW M METOIOM HM3MEPEHMs BEIMYUHBI TOKA OKHUCIECHHUS
TUTaHA IPH U3MEHEHUH HANPSHKEHUSI MEXKIY JICKTPOJAaMH. Y CTAaHOBIICHO, YTO C M3MEHEHUEM KOHIIEHTPAIUU
CEepHOI KUCIIOThI B mHTepBaie 50—250 1/ u HanpsDKeHUsI MeX Ty dIeKTpoaaMu B npenenax 0—25 B BenuunHa
TOKa OKHUCIIEHHMs] THTaHa Bo3pacraeT M jgocturaer 29,4 MA. Ilpu yBelWYeHHH KOHIIGHTpAaLMU COJISTHOM
KACIOTHI OT 35 mo 100 r/;1 1 M3MEHEHUH HANpPSDKEHHUS MEXITY DJICKTPOJIAMHU BEIUYMHA CKOPOCTH OKUCIICHHS
TUTaHA pPAacTeT PaBHOMEPHO, HO B HHTEpBaJic 3HaueHWW HampspkeHus 10-12 B nHabmromaetrcs peskoe
MOBBIINICHAE BEIHUYUHBI TOKa 10 360 MA. V3MeHEHUe TOKa OKUCICHHUS CBHJICTEIBCTBYET 00 YBEIHYCHUH
CKOpOCTH pacTBOopeHusi TuraHa. C yBeIMUEHHEM HPOJOJDKUTENHOCTH 3JIEKTPOJIM3a BEJIWYMHA aHOJHOTO
TOKa B OCHOBHOM yMeHbIIaeTcs. Ilo Bceil BepOATHOCTH NpH HampsoKeHWH, paBHOM 14'B u Bbime, B
COJISTHOKHCIIOM pacTBOpe HabroaaeTcss mpo0oi OKCHAHON MOIyPOBOIHUKOBON TICHKH JHOKCHIA TUTaHa. B
STOH CBSI3M MIPOMCXOINT 3aMETHOE pACTBOPEHHE THTAHA U B JAIbHEHIIIEM OKCHUIHAS IUICHKa HE oOpasyeTcs, a
00pa3yroTcs MOHBI THTaHA. BusyaibHbIe HAOMIOACHHUS MOKA3ald, YTO THTAH MEPEXOJUT B PAacTBOp B BUIE
turana (V).

Knrouesvie cnosa: TUTaH, TUOKCUJ TUTaHa, IUICHKA, 3JICKTPOA, TOK OKUCJICHUA, IOJIsIpU3allvs, HAIIPSAKCHUE,
CEpHas KUCJI0Ta, COJIsIHas KUCJI0Ta.
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