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NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
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
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kasakcmar Pecniybriukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmeryze KabblndaHraHbiH xabapraldsi. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicbl XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday wmaceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH Koramo0acmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, 4ymo Hay4Hbil xypHan «Mseecmusi HAH PK. Cepusi xumuu u mexHosnoaul» bbin
npuHam Ans uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
ColepxxaHue 8 amom uHOeKcuposaHuu Haxodumcs 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics Ona OanbHeliweao npuHamus 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 0nis uccriedosameried, asmopos, usdamerel u yupexdeHul. BknwoyeHue Msgecmus
HAH PK e Emerging Sources Citation Index GemMoHCcmpupyem Hawy MnpueepXxeHHocmb K Hauboree
akmyasibHOMY U 8/1USIMmesIbHOMY KOHMEeHMY 0 XUMUYEeCKUM Haykam Ors Hauleeo coobujecmea.



bac pengaxTopsl

X.F.1., npod., KP ¥FA akagemuri
M.K. KypbIiHOB

Pemakmug aixkach:

ArabdexoB B.E. pod., akanemuk (bemopyc)
Baemos A.B. mpod., akamemuk (Kazakcran)
BypkiTtoaeB M.M. npod., akagemuk (Kasakcran)
BoporbinueB M.A. mpod., akanemuk (Peceii)
I'azanueB A.M. nipod., akagemuk (Kazakcramn)
KapmaramberoBa A.K. mpood. (Kazakcran), 6ac pen. opsiHOacapsl
Kopobekona I11.7K. npod., akagemux (KpipreicTaH)
Hrxynosa HI.C. npod. (KazakcTan)

ManTamsn A.A. npod., akagemMuk (ApMeHus)
Mpanues K.[. npod., akagemuk (Kasakcran)
PaxumoB K./I. mpod., akamemuk (Kazakcran)
Pyauk B. npod., akanemuk (Mongosa)

Crpeasnnos E. npod. (benopyc)

TeasTaeB b.b. npod., akagemuk (Kazakcran)
Tyaeyos b.!. mpod., akamemuk (Kazakcran)
®azbiioB C.J. npod., akanemuk (Kasakcran)
®ap3aaueB B. npod., akagemuk (O3ipOaiixan)
XamukoB JI.X. ipod., akamemuk (Toxikcran)

«KP ¥T'A Xa6apaapel. XumMus sKoHe TEXHOJIOT U CEPUSICHD».

ISSN 2518-1491 (Online),
ISSN 2224-5286 (Print)

Menmikrenymni: «Kasakcran PecnyOnukachiHBIH YATTHIK FBUIBIM aKaJeMHSChDy PecmyOnuKanblK KOFaMIbIK
Oipnecriri (AJMaTHI K.).

Kazakcran PecryOirkachIHBIH AKIapar )oHe KOFaMJIBIK JiaMy MUHUCTpIIriHIH Aknapat komureTinae 29.07.2020
kK. 6epinreH Ne KZ66VPY00025419 mep3imaik 0acbUIbIM TipKeyiHe KOMBUTY Typaibl KyoIiK.

TaKbIPBINTBIK OAFBITBI: XUMUA JHCIHE HCAHA MAMEPUATIOAP MEXHOTIOSUACHL CATIACLIHOAZbL
oacwvim 2vlnvimu 3epmmeynepoi Hcapuanay.

Mep3imMaimiri: )KeIIbIHA 6 peT.
Tupaxsr: 300 nana.

Penaknumsasig Mmexerskaiiel: 050010, Anmarts! K., [lleBuenko kxerr., 28; 219, 220 0emn.; Ten.: 272-13-19; 272-13-
18,
http://chemistry-technology.kz/index.php/en/arhiv

© Kazakcran PeciyOnukachiHbIH ¥JITTHIK FRUTBIM akageMusichl, 2021

Penaxuusubiy Mekemkaibl: 050100, Anmatel K., Konae k-ci, 142, «JI. B. CokoNbCcKuil aThIHAaFbl OTBIH, KaTaau3
KoHe eKTpoxuMusi HHCTUTYTh AK, ka0. 310, ten. 291-62-80, dakc 291-57-22, e-mail:orgcat@nursat.kz

TunorpadustaeH Mekermxaitbsl: «NurNaz GRACE», AnMaTts! K., PeickyioB kemr., 103.




I'maBHBIH penakToOp

I.X.H., pod., akanemuk HAH PK
M.K. KypuHos

PenakmuoHHasa KOJNNETHUI:

AraoexoB B.E. pod., akanemuk (bemapych)
Baemos A.b. nipod., akanemuk (Kasaxcran)
Bypkur6aes M.M. npod., akanemuk (Kazaxcran)
BoporbinueB M.A. mipod., akanemuk (Poccus)
I'azaaueB A.M. nipod., akagemuk (Kazaxcran)
KapmaramberoBa A.K. npod. (Kazaxcran), 3am. 1. pen.
Kopobekona I11.7K. npod., akagemuk (Koipreizcran)
Hrrynosa HUI.C. npod. (Kazaxcran)

ManTamsna A.A. npod., akagemMuk (ApMeHus)
Ipanues K.J. npod., akanemuk (Kazaxcran)
PaxumoB K.JI. mpod., akamemuk (Kazaxcran)

Pyauxk B. pod., akanemuk (Mongosa)

Crpeasnos E. npod. (benapycs)

TeastaeB b.b. npod., akagemuk (Kazaxcran)
Tyaeyos b.]. ipod., akamemuk (Kazaxcran)
®azpuioB C.J0. npod., akagemuk (Kazaxcran)
®ap3aaueB B. pod., akagemuk (AzepOaiimkan)
XamukoB J1.X. mpod., akanemuk (TamKuKucTan)

«M3BecTuss HAH PK. Cepusi XMuMHHU U TeXHOJIOTHII».

ISSN 2518-1491 (Online),
ISSN 2224-5286 (Print)

CoOctBeHHUK: PecnyOnmukanckoe oOmecTBeHHOe 00beanHeHne «HannonansHas akageMus Hayk PecmyOmmku
Kazaxcran» (r. Anmarsr).

CBUIETENILCTBO O TMOCTAHOBKE HAa YYeT MEPUOJMUYCSCKOr0o IeyarHoro u3fganus B Komwurere wHbopmaimm
MunucrepcTBa MHGOpPMANIMU U o0IIecTBEHHOTO pa3Butusi PecryOnuku Kazaxcran Ne KZ66VPY 00025419,
BeLanHoe 29.07.2020 r.

TemaTuueckas HaIpaBJI€HHOCTDb: nyﬁﬂummuﬂ npuopumemHblxX HayuUHovlX uccneoosanuil
6 oO1acmu Xumuu u mexHoa02uil HoBbIX mamepuaioe.

ITepuoau4HoCTh: 6 pa3 B rof.
Tupax: 300 3K3eMILIIPOB.

Anpec penakuuu: 050010, r. Anmatsl, ya. [lleBuenko, 28; koM. 219, 220; Ten. 272-13-19; 272-13-18,
http://chemistry-technology.kz/index.php/en/arhiv

© HanwmonanbHas akagemus Hayk PecryOnmku Kasaxcran, 2021

Anpec pepakiuu: 050100, r. Anmatsl, yn. Kynaesa, 142, AO «MHCTUTYT TOIUIMBa, KaTauu3a U 2IEKTPOXUMHHU
um. JI.B. Coxonbckoroy», kab. 310, ten. 291-62-80, daxc 291-57-22, e-mail:orgcat@nursat.kz

Anpec tunorpadun: «NurNaz GRACE», r. Anmartsl, yi. Peickynosa, 103.

— 4 =



Editor in chief

doctor of chemistry, professor, academician of NAS RK
M.Zh. Zhurinov

Editorial board:

Agabekov V.Ye. prof., academician (Belarus)
Bayeshov A.B. prof., academician (Kazakhstan)
Burkitbayev M.M. prof., academician (Kazakhstan)
Vorotyntsev M. A. prof., academician (Russia)
Gazaliyev A.M. prof., academician (Kazakhstan)
Zharmagambetova A.K. prof. (Kazakhstan), deputy editor in chief
Zhorobekova Sh.Zh. prof., academician (Kyrgyzstan)
Itkulova Sh.S. prof. (Kazakhstan)

Mantashyan A.A. prof., academician (Armenia)
Praliyev K.D. prof., academician (Kazakhstan)
Rakhimov K.D. prof., academician (Kazakhstan)
Rudik V. prof., academician (Moldova)

Streltsov Ye. prof. (Belarus)

Teltaev B.B. prof., akademik (Kazahstan)

Tuleuov B.I. prof., akademik (Kazahstan)

Fazylov S.D. prof., akademik (Kazahstan)

Farzaliyev V. prof., academician (Azerbaijan)
Khalikov D.Kh. prof., academician (Tadjikistan)

News of the National Academy of Sciences of the Republic of Kazakhstan. Series of chemistry and
technology.

ISSN 2518-1491 (Online),
ISSN 2224-5286 (Print)

Owner: RPA "National Academy of Sciences of the Republic of Kazakhstan" (Almaty).

The certificate of registration of a periodical printed publication in the Committee of information of the
Ministry of Information and Social Development of the Republic of Kazakhstan No. KZ66VPY 00025419,
issued 29.07.2020.

Thematic scope: publication of priority research in the field of chemistry and technology of new
materials

Periodicity: 6 times a year.
Circulation: 300 copies.

Editorial address: 28, Shevchenko str., of. 219, 220, Almaty, 050010, tel. 272-13-19; 272-13-18,
http://chemistry-technology.kz/index.php/en/arhiv

© National Academy of Sciences of the Republic of Kazakhstan, 2021

Editorial address: JSC «D.V. Sokolsky institute of fuel, catalysis and electrochemistry», 142, Kunayev str., of. 310,
Almaty, 050100, tel. 291-62-80, fax 291-57-22, e-mail: orgcat@nursat.kz

Address of printing house: «NurNaz GRACE», 103, Ryskulov str, Almaty.

— § —



ISSN 2224-5286 Series chemistry and technology. 1. 2021

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES CHEMISTRY AND TECHNOLOGY
ISSN 2224-5286
Volume 1, Number 445 (2021), 47 — 54 https://doi.org/10.32014/2021.2518-1491.6

UDC 541.13:546.5
IRSTI 31.15.33

A. B. Baeshov!, G.T. Sarbayeva?, E. Zh. Tuleshova?, M. A. Ozler®, M.T. Sarbayeva’

1JSC «Institute of Fuel, Catalysis and Electrochemistry named after D. V. Sokolsky», Almaty, Kazakhstan;
’Khoja Akhmet Yessavi Kazakh-Turkish University, Turkestan, Kazakhstan;
3Mugla Sitki Kocman University, Mugla, Turkey.
E-mail: bayeshov@mail.ru, gulnar.sarbayeva@ayu.edu.kz, elmira.tuleshova@ayu.edu.kz,
aozler@mu.edu.tr, makpal.sarbayeva@ayu.edu.kz

SYNTHESIS OF THALLIUM SULPHATE IN A SULFURIC ACID
SOLUTION AT POLARIZATION BY CURRENT

Abstract. Nowadays, the one of the actual problems is the recycling of metal waste and its provision to
consumers. However, it is known that there are a number of difficulties with the recycling of thallium waste. By
using new recycling methods, it's possible to increase thallium resources and lower prices for thallium-derived
products. Therefore, some work was carried out to extract its compounds from thallium waste by studying the
electrochemical properties of thallium in our research work. The experimental results showed that thallium
electrodes dissolve in an aqueous solution of sulfuric acid under alternating current polarization with the formation of
thallium (I) sulfate.

In this work, the kinetics of electrochemical oxidation-reduction of thallium in aqueous solutions of sulfuric
acid is studied by potentiometry. To characterize the mechanism of thallium electrooxidation, the following
parameters were calculated: the order of the reaction and the effective activation energy of the process. The impact of
electrolysis modes: current density, concentration and temperature of the electrolyte on the dimensional charac-
teristics of the obtained thallium (I) sulfate was investigated.

Key words: potentiodynamic polarization curves, electrochemical behavior, thallium, sulfuric acid, current
density.

Most metals discover new uncharacteristic for them properties of electrodissolution during alternating
current polarization. Particularly, the rate of dissolution of a metal can significantly increase or, on the
contrary, noticeably decrease in comparison with its dissolution during anodic direct current polarization.
Differences are also observed in the oxidation states of the released ions in the modes of alternating and
direct current polarization.

Although thallium is chemically similar to heavy metals (lead, silver, gold), some of its properties
resemble alkali metals. Since the ionic radii of thallium and alkali metal monovalent ions are very close to
each other, thallium monovalent compounds tend to form isomorphic crystals mixed with alkali metal
compounds. Obviously, the study of the property of an element, in the property of which such a variety is
observed, is always of interest. Thallium in the elemental state is widely used in the production of many
radioactive isotopes (Hg>*®), as well as its own isotopes (TI?%, TI*®®), in many studies of analytical
chemistry. A standard solution of monovalent sulfate thallium permanganate can be titrated in the
presence of dichromate; it is most often used in analyzes for the content of steel [1-2]. And the TINO3
solution is used when titrating the excess of the reagent after the precipitation of potassium, ammonium
and organic bases with sodium tetraphenylboron salt.

Thallium dissolves in acids at a slow rate. In this regard, works devoted to the study of the
mechanism of electrochemical dissolution and the regularities of dissolution of a thallium electrode in
sulfuric acid solution were carried out by the potentiometric method by taking polarization curves and
industrial alternating current polarization with a frequency of 50 Hz [3-13].
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Potentiometric curves were recorded on an Autolab-30 potentiostat. The measurements were carried
out in a three-electrode cell relative to a silver chloride electrode (E0 = +0.203 V). Platinum served as an
auxiliary electrode. A standard solution of sulfuric acid was prepared according to the procedure described
in [14]. Voltammograms, in mainly obtained in the temperature range of 20-25 ° C. Analysis of
polarization curves gives a complete characteristic of electrode processes [15-16]. The method of
recording polarization curves is based on establishing a relationship between the polarization current and
individual values of the electrode potential. To clarify the mechanism of processes occurring during
alternating current polarization, the electrodes were subjected to cyclic polarization (solution concen-
tration 100 g/ L, sweep rate 50 mV / s), i.e., the curves were recorded first in the cathode-anode direction,
then anode-cathode. Thus, to a certain extent, a change in direction current occurring during the passage of
alternating current.

Cyclic polarization curves to a certain extent reflect the situation when the metal is alternately either
the anode or the cathode.
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Figure 1 shows the cathode potentiodynamic polarization curve. When the potential is shifted to the
anode region within the "minus" 0.8-0.85 V, a maximum current is observed, corresponding to the
thallium reduction current. Constant maintenance of the electrolyte temperature during the experiment
ensures a uniform passage of the ionization process, i.e., a slow course of electrochemical processes. In
this zone, only the reduction current of TI" ions is recorded. Further, gas hydrogen is released on the
electrode surface.

As can be seen in figure 2, at a potential sweep rate of 50 mV / s, an anode current is recorded at a
potential "minus" of 0.2 V. This corresponds to the thallium oxidation process. At the "plus" potential, the
oxygen reduction current is observed. The results showed that at very low potentials, thallium oxidation is
accompanied by the reduction of hydrogen and oxygen ions.
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Figure 3 — Cathode-anode potentiodynamic cyclic polarization curves on a thallium electrode
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Figures 3-4 show cyclic cathode-anodic and anode-cathodic potentiodynamic polarization curves
recorded on a thallium electrode with a sweep rate of 50 mV / s in a sulfuric acid solution. As can be seen
from Figure 3, when the potential value shifted in the direction of the cathode within the "minus"
0.85-0.9 V range, waves were recorded indicating the progress of the thallium reduction reaction and the
corresponding reaction of the hydrogen ion reduction from "minus" 0.9 V.

When the value of the potential is shifted in the direction of the anode-cathode at a "minus" of
0.75 V, a wave of current oxidation is observed, from the result it is seen that the thallium oxidation
reaction is difficult:

TI -le — TI' (1)

Then the metal is completely passivated. It is known from the literature [17,18] that the
electrochemical anodic dissolution of thallium in the presence of OH ions in aqueous solutions is
complicated by the formation of dark brown thallium oxide formed on the anode surface. In this case, the
rate of reduction of hydrogen ions on the thallium surface increases:

2H20 + 2¢ —» Ha + 20H- )

In order to comprehensively study the electrochemical properties of thallium in a sulfuric acid
solution, industrial alternating current electrolysis was carried out.

The experiments were carried out in an electrolyzer with a capacity of 300-400 ml. Sulfuric acid
solutions of various concentrations were used as the electrolyte. The electrodes are made of 99.99% pure
thallium plates. The magnitude of the alternating current in each phase was controlled by rheostats. The
number of thallium ions transferred into the solution during polarization with alternating current was
determined from the decrease in the weight of the electrodes, as well as from the concentration of metal
ions in the solution.

When a thallium electrode is polarized with an alternating current in a sulfuric acid medium, thallium
is oxidized in the anodic half-period and, according to reaction (1), goes into solution in the form of a
monovalent ion:

TI°- le —» TI"E’=-0.338 B 3)

Thallium, which has a negative potential according to reaction 2, reacts with hydrogen ions, forming
additional thallium ions and releasing gas hydrogen:

T+ 2H" — TI'+ H, )

Thallium ions formed in solution interact with sulfate ions, resulting in the formation of the
compound T1,SOy:

2TI* + SO2 —TLSO, (5)

The influence of the current density on the current efficiency of the formation of thallium (I) ions
was studied in the range of 1000-8000 A / m2. The maximum output value of the formation of thallium (I)
ion by current is 56.7% at 8000 A / m? (figure 5). With an increase in the current density, the current
efficiency of thallium ions (I) also increases. The dissolution current efficiency of thallium ions (I) was
calculated for the anodic half-period of the alternating current in each phase. This is due to the fact that
when thallium electrodes are in the anodic half-cycle of an alternating current, they dissolve, forming a
monovalent ion, and in the cathodic half-cycle, a discharge of hydrogen ions occurs on the surface of the
electrodes.

At high current densities in the cathodic half-period, the rate of reduction of hydrogen ions on the
thallium surface increases:

2H,0 + 2e — H, + 20H" (6)

The influence of the electrolyte concentration on the current efficiency of thallium (I) ions formed
during the polarization of thallium electrodes with alternating current in a sulfuric acid solution was
investigated in the range of 2.0-14.0 mol / 1 (figure 6).
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With alternating current polarization, the initial concentration of sulfuric acid has a significant effect
on the formation of thallium (I) sulfate. The maximum current efficiency of the formation of TI + ions is
observed at 14.0 mol / L and is ~ 51%. Due to the occurrence of the supersaturation process at high
concentrations of the solution, during the anodic half-period of the alternating current, an oxide layer does
not form on the electrode surface, as a result of which the current efficiency of the formation of thallium
sulfate increases:

2TI" + SO+ 2H" — TLSO, + H, (7)

However, it is known that the processes of electrochemical dissolution in more saturated solutions are
carried out with some difficulties. And this increases the proportion of the process taking place in the
cathodic half-period.

The acidity of the solution has a great influence on the electrochemical dissolution of thallium in a
14.0 mol / I sulfuric acid solution. The presence of a sufficient amount of acid concentration does not
allow the formation of an oxide layer on the metal surface, due to which the metal with a negative
potential, freed from the protective layer, intensively dissolves with the formation of its own ion.
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Figure 5 — Influence of the current density at the titanium Figure 6 — Effect of electrolyte concentration
electrode on the current efficiency of thallium (I) ions: on the current efficiency of thallium (I) ions:
Cr2s04 = 14.0 mol / 1; T = 0.5 hour; t =20 °C i=6000 A/m?; 1 =0,5 uac; t=20 °C

The order of the thallium oxidation reaction is determined, which corresponds to a value of 1.5. This
proves that the electrolyte concentration affects the electrode process.

The influence of the temperature of the electrolyte (sulfuric acid) on the dissolution of thallium
electrodes during polarization with alternating current, the current density of 6000 A / m*> was studied in
the range of 20-80 °C (figure 7). As the electrolyte temperature rises, the thickness of the oxide layer
formed on the electrode surface decreases. Due to the dissolution of the oxide layer on the electrode
surface, the current efficiency of Tl (I) ions sharply increases from 39% to 70%. A further increase in
temperature does not affect the current efficiency. Explaining this phenomenon requires special research.

Based on the results of experiments devoted to the study of the effect of the solution temperature on
the current efficiency of thallium (I) ions, the value of the activation energy was calculated using the
Arrhenius equation. The activation energy of thallium ions is 10.07 kJ / mol. This indicates that the main
electrode process takes place in a diffusion mode.

The effect of the duration of electrolysis on the current efficiency and the formation of TI" ions upon
polarization of thallium electrodes with alternating current in a sulfuric acid solution is shown in figure 8.
With an increase in the electrolysis time, the current efficiency of TI" ions also gradually decreas and
eventually reaches a minimum value. Since with an increase in the duration of electrolysis, the
concentration of sulfate ions in the solution gradually decreases, the output of thallium sulfate by current
decreases accordingly. Apparently, at this time, along with the reaction of the formation of an oxide layer
on the electrode surface, a thin thallium sulfate layer covers the electrode surface and inhibits thallium
dissolution with the formation of a monovalent ion.
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The electrochemical behavior of thallium was studied in an aqueous solution of sulfuric acid by
removing polarization curves and polarization with an alternating current of 50 Hz. The obtained
polarization curves show that thallium hardly dissolves at direct current. When electrolyzed by alternating
current, a white precipitate of thallium (I) sulfate is formed as a product. The conducted studies allow us to
develop electrochemical effective methods for the synthesis of inorganic salts of this metal by polarizing
thallium electrodes with alternating current [19,20].
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AVIHBIMAJIBI TOKIIEH HMOJIAPU3AIIASIIAY APKBLIBI KYKIPT KBIIIIKBLIbI
EPITIHAICIHJIE TAJLJIUA CYJIb®ATHIH CHHTE3/IEY

AHHOTanusi. AWHBIMaJIBI TOKIEH NOJSpH3alsIaFaHa MeTalJap/AblH KOIIIIri 3JeKTPOXUMUSIBIK epyIiH
JKaHa CHIIATTaMaJIbIK €MEeC KaCHEeTTepiH aHBIKTalbl. ATal alTKaH/1a, METAJIbIH epy *KbULAaM/IBIFbl TYPAKThl TOKIIEH
AHOATHI TOJISIPU3ALKSI KE31HE OHBIH epy YJepiCiMEH calbICThIPFaH/a e1dyip apTybl HeMece KepiciHiie aifTapiabKTai
TOMEHJIeyl MYMKiH. AWHBIMaJIbl ’KQHE TYPaKThl TOKTHIH HOJISIPH3ALMs PEXHUMIHIE TY3UICTIH MOHAAPIBIH TOTBIFY
JIOpeKECIHE e albIPMAaITbUIBIKTap 0ap.

Kazipri ke3geri e3exTi MocemnenepiH Oipi — METal KaJIbIKTapbhlH KalTa eHJeI, TYTHIHYIIbUIAPFA YCHIHY.
JlereHMeH TayuTMi KaJIABIKTapbIH OHACY/iH OipKaTap KUBIHIIBUIBIKTAph! Oap exenairi oenrimi. KaanslkTel eHaeyain
JKaHa 9JIiCc-TACUILAEPIH TayblIll, OHbI NaliaiaHy apKbUIbl TAJUIMH PeCypCTapblH KOOSHTyre jKoHe TaIMHACH albIHFaH
eHiMzep OarachlH TeMeHeTyre 6oaabl. COHIBIKTAH Ja >KYMBICBIMBI3/1a TAJUIMIIIH 3JIEKTPOXUMHMSIIBIK KAaCHETTEPiH
3epTTey apKbUIbl TAJUIMH KalJbIKTapblHAH OHBIH KOCBUIBICTAPBIH Ay OarbIThIHIA XKyYMbICTap >Kypriziani. Toxipube
HOTIOKENEPl KYKIPT KBIIIKBUIBIHBIH CYJIbI €pITIHAICIHIE aliHBIMAaJIbl TOKIIEH NOJIIpU3alMsIaHfaH TaIMK 3JIEKTPO/-
TapbIHbIH TN (I) cynbgareiH Ty3€ epUTIHIIrH KOPCeTTi.

By xympIcTa TOTCHIUAMETPHUS SiCi apKBUTBI KYKIPT KBIIIKBUIBI CPITIHIICIHAC TAJUTHHIH JICKTPOXUMHUSITBIK
TOTBIFY-TOTBIKCBI3/JAHy KMHETUKACHI 3epTTeAl. TauTHiIiH 2JIEKTPOXUMUSUIBIK TOTHIFY-TOTBIKChI31aHy KHHETHKAChIH
aHBIKTAy YILIIH KeJeci ImapaMeTpiiep eCenTeNinai: peakuus peti, 3pPeKkTuBTi akTuBTeHIipy dHeprust (Ead). Dnexrpo-
JIM3 PEXUMJIEPIHIH: TOK THIFBI3JBIFBI, IEKTPOIUT KOHIEHTPALMICH J)KOHE TEMIIEPaTypachl, 3JEKTPOJIU3 Y3aKThIFbI
3epTTEeNI.

Tyiiin ce3aep: NOTEHIMOANHAMUKAIIBIK MOJIIPU3ALMIIBIK KUCBIKTAP, JIEKTPOXUMHUSIIBIK €py, TaIMH, KYKIpT
KBIIIKBUIBI, TOK THIFBI3/IBIFBL.
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CHUHTE3 CYJb®ATA TAJJIUS B PACTBOPE CEPHOM KUCJIOThI
ITPA NMOJIAPU3AIIMN TIEPEMEHHBIM TOKOM

AnHoTanus. OnHa U3 aKTyalbHBIX IPo0IeM Ha CErOJHSIIIHINA JeHb — mepepaboTKa METATHYECKIX OTXO0B U
npepocraB-jeHue ux norpedurensim. OHAKO U3BECTHO, YTO CYLIECTBYET PsiI CIIOKHOCTEH ¢ mepepaboTKoM Tasutue-
BBIX OTXOJOB. MICHONB3ysl HOBbIE METOJBI MEPEPAOOTKH OTXOO0B, MOXKHO YBEJIMYUTh PECYPChl TAJUIUS U CHHU3HTh
LEHbl Ha TPOAYKThHI, MOJNY4YEeHHbIE M3 Tayuus. [103TOMY B Hallell HCCeIoBaTelnbCKol paboTe ObUIM MPOBEICHBI
paboThI 110 U3BJICYCHHIO €I0 COSAUHEHUI U3 OTXOJOB TAJUIHS IyTeM M3y4YCHHS JIEKTPOXUMHUYECKHX CBOWCTB TAJUIHSL.
Pe3ynbTa-Thl SKCIIEPUMEHTA TIOKAa3alld, YTO B BOJHOM PAaCcTBOPE CEPHOM KHCIOTHI MPH MOJSPU3ALNU TEPEMEHHBIM
TOKOM TaJUINEBBIE AIEKTPO/IbI PACTBOPSIIOTCS ¢ 0Opa3oBanueM cyibdara Tamus (1).

B panHO#t paboTe METOAOM NOTEHIMOMETPUHM HCCIIEJ0BaHa KHHETHKA O3JIEKTPOXMMHUYECKOTO OKHCIICHUSI-
BOCCTAHOBJICHHUS TAJUIMSl B BOJHBIX PAcTBOPax CEPHOIl KUCIOTHI. [IJisi XapaKTEpUCTUKU MeXaHHM3Ma JJIEKTPOOKHUC-
JICHUS! TAJJIUSL PACCUMTAHBI CICAYIOIINE TapaMeTpPhl: MOPSIOK peakuu U 3G (GeKTUBHAS SHEPTHsI AKTHBALMH POLIEC-
ca (Ead). UccnenoBaHo BiusHEE PEKUMOB AJIEKTPOJIM3a: IUIOTHOCTH TOKA, KOHLIEHTPALMH U TEMIIEPATyphl JIEKTPO-
JIUTA, TPOJIOJKUTEIBHOCTD IEKTPOITH3a Ha pa3MepHbIE XapaKTePUCTHUKHU MOTyYeHHOro cybdara tayutust (1).

IToTeHIHOMETPHUYECKHUE KPUBBIE CHHMAIKMCh Ha moTeHimocTare ~Autolab-30". M3amepeHHs MPOBOIMINCH B
TPEX3IIEKTPOJHON suelike OTHOCUTENBHO XJopcepebpsHoro snektpoaa (E° = +0,203 B). BernoMoraTenbHbIM IIeK-
TPOJIOM CITYKHJIa IUIaTHHA.

KioueBble c10Ba: MOTEHIMOJMHAMUYECKUE MOJSPU3ALMOHHBIE KPHUBBIC, 3JEKTPOXUMHUYECKOE MOBEICHNE,
TAJUTHH, CepHast KUCIIOTA, INIOTHOCTh TOKA.
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