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ELECTROCHEMICAL PROPERTIES OF THALLIUM
IN SOLUTIONS CONTAINING NITRATE IONS

Abstract. The clectrochemical behavior of the thallium electrode in solutions of sodium nitrate and nitric acid
has been studied by the method of removing potentiodynamic polarization curves and by electrolysis. Preliminary
studies have shown that thallium electrode does not dissolve in sodium nitrate solution, but it dissolves well in nitric
acid. The laws of electrochemical dissolution of a thallium electrode for polarization with an alternating current at a
frequency of 50 Hz in solutions of nitric acid was first studied. The influence of a number of electrochemical
parameters on the current yield of the product of electrolysis - thallium nitrate (I) is considered. It is shown that the
formation of thallium ions (I) with high current efficiency (95-97%). Electrolysis results show that the concentration
and temperature of the electrolyte have a significant effect on the current efficiency of Tl (I) ions. It is shown that as
the potential of the electrode is increased, the metal is passivated by the formation of thallium hydroxide, an
insoluble protective layer, on the electrode surface. As a result of the studies, an effective method for the synthesis of
Tl (I) salts has been developed. Carried out an elemental analyzes of the crystals and microphotographic thallium
nitrate T1 (I). Due to the fact that thallium salts have low solubility in aqueous solutions, it has been shown that
metallic thallium dissolves only in acid solutions under the action of alternating current.

Key words: thallium, micro photography, electrolysis, electrochemistry, electrode, crystal, alternating current,
nitric acid, thallium (I) nitrate.

Though thallium and its compounds are poisonous, they are widely used in technics, medicine and
other fields. 75% of thallium is used in electronics, electronics and infrared radiation, 7% in agriculture,
3% in medicine, and 15% in other industries.

The chemical and electrochemical properties of thallium have not yet been studied and are signifi-
cantly different from those characteristic to metals of Group III (Al, In, Ga). Since thallium is dispersed in
the environment, its chemical and e¢lectrochemical properties are poorly studied. The detection and
separation of thallium from the composition of natural minerals and synthesizing its compounds cause
difficulties due to its low concentration. The tendency of metal surface to passivity due to oxide shells
formation during the electrochemical deposition determines the specificity of electrochemical properties
of thallium. As shown by the results of studies dedicated to investigate electrical oxidation and electrical
deoxidation processes of thallium, several authors [1-4] show that the kinetics and mechanisms of these
processes depend on a number of factors and have significant features.

The authors of work [5-7] have found that passivation of thallium electrode in the anode polarization
of HCL or NaCl solutions are carried out in two stages. According to them, thallium ions are formed in the
first phase of passivation and in the second phase they become thallium salts. However, the passivation
process in the solution of HCIO4 and Na,SO, is carried out in a single phase. In general, the literature
review on electrochemical properties of thallium in aqueous solutions indicates that they had been
conducted in the field of stationary current and requires replenishment of theoretical data. Moreover, all
the known inorganic salts of thallium are obtained by the chemical exchange reaction.
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The first study of thallium anode properties began with the release of thallium batteries [6].
Therefore, this work focuses on the oxidation reduction system TI'/T1,05. According to the results of the
study, the potential of T1/TI" is that the anode current decreases in the alkaline environment than acids. In
[6], it is established that the thallium oxidative ion is in the stationary electrodes with the threshold of
tension at the threshold of the polarization hole "b" - 60 mV. It has been pointed out that there is a point of
concentration polarization.

In [8], information is given on the electrochemical properties of thallium in the solution of hydro-
chloric acid and its solubility forming a monovalent compound.

The purpose of this research is to develop effective methods for the synthesis of Tl (I) salts by
studying the dependence on various parameters of electrochemical oxidation of thallium electrodes in the
presence of alternating current in nitric acid and its salts in solutions of sodium nitrate.

Thallium shows I and III valence in chemical compounds. Its standard electrode potential in aqueous
solution has the following value at 25 °C:

Tl-e—>TI" E’=-0336V (1)
Tl -3¢ > TI*" E’=+0,710 V )
TI = 2¢ > TI*" E’=+125V (3)

Further, studies on the electrochemical dissolution laws of the thallium electrode were continued by
shooting cathodic, anode and cyclic potentiodynamic curves in neutral nitrate acid solution and
clectrolyzing in the neutral nitrate ion solution.

Potentiostat "Autolab" was used for shooting potentiodynamic polarization curves. The experiments
were carried out in three electrode cells with separated electrode spaces. As a working electrode, the
surface part of thallium wire in 2 mm diameter was used. The second additional electrode was platinum
wire. All potential values were compared to silver chlorine electrode immersed in the saturated solution of
potassium chloride for "an exclusive clean" analysis (+0,203 V).

When the thallium electrode was immersed in the solution of 100 g/l of sodium nitrate, the potential
value "minus" was found to be 0.7 V. The metallic oxidation current is detected on the maximum pola-
rogram when the potential value of thallium is shifted to the anode direction (figure 1). The dissolution
rate of thallium does not continue to grow when the potential value "minus" is 0.45 V, from which the
metal surface is covered by a thallium nitrate film and remains in the passivation state.
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Figure 1 — Anode potentiodynamic polarization curve of the thallium electrode in the sodium nitrate solution:
[NaNO;] = 100g/1; v = 50 mB/s; t = 25°C
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Figure 2 shows the cathode polarization curves of the thallium electrode in a solution of sodium
nitrate. When the potential of the thallium electrode is shifted to the cathode direction and the minus
approximates the potential of 0.6-0.50 V| the oxidation current is detected in the polarogram.
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Figure 2 — Cathode potentiodynamic polarization curve of the thallium electrode in the sodium nitrate solution:
[NaNO;] = 100 g/I; v= 50 mV/s; t = 25 °C

Figure 3 shows the anode-cathode cycle polarization curve of the thallium electrode in the solution of
sodium nitrate. When moving the electrode potential towards the positive potential zone, the anode oxi-
dation maximum of the thallium is detected at minus 0.5-0.45 V. It can be argued that the observed
maximum occurs due to the oxidation of the thallium (I) nitrate on reaction (1).When the potential of
thallium is shifted to the negative values, the maximum oxidation of thallium (I) nitrate formed on its
surface is detected and the reduction reaction of the water molecules ions in the potential of "minus" 1,7 V

1s realized.
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Figure 3 — Cathode-anode potentiodynamic polarization curve of the thallium electrode in the sodium nitrate solution:
[NaNOs] = 100 g/, v = 50 mV/s; t = 25 °C
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Preliminary studies revealed the insolubility of the thallium electrode in a solution of sodium nitrate.
The work on the study of electrochemical melting laws of thallium electrode continued with further
electrolysis in the nitrogenic acid solution.

Thallium can simultancously form compounds that are present in two different oxidation states,
although its one valence compounds are more stable in the aqueous solution. The ways to obtain inorganic
salts of thallium were determined by polarizing its electrochemical properties in the presence of alter-
nating current with frequency of 50 Hz in the HNO; solution for the first time and its dissolution through
forming one valence compounds was defined.

Preliminary studies revealed the insolubility of the thallium electrode in a solution of sodium nitrate.
In the liquefied HNO; solution under the alternating current, T1 (I) nitrates are formed in the form of white
sediment (figure 4). The formed TINO; salt is poorly soluble in water at room temperature (0.3 g/100g
water) and in liquefied acids, and its solubility in hot water increases (100 °C - 1.97 g/100g). The maxi-
mum current efficiency of thallium (I) nitrate is 76% for i=6000A/m”.
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Figure 4 — Photos Crystals of Thallium nitrate:
a — formed TINOj; crystals; b — 30 times enlarged; ¢ — 100 times enlarged; d — 500 times enlarged

TINO; crystals are formed in HNO; solution (1.0-4.0 n) by polarizing thallium electrodes with
industrial alternating current of 50 Hz frequency (figure 4,a). The maximum current efficiency of thallium
(I) nitrate is 91.6% for i=8000 A/m*. The influence of HNO; concentration on the current efficiency of
thallium electrodes in the acidic solutions by forming Tl (I) was investigated. At each phase, thallium
clectrode (1) is able to dissolve in the anodic half period of the alternating current by forming its ions
according to the reaction. At the cathodic half period of the alterating current, hydrogen ions are oxidized
on the surface of thallium electrodes:

2H" +2¢ —H,. “4)

In conclusion, the results of the research show that, in an optimal condition, the reaction of forming
one valence ions basically occurs in the anodic half period on the surface of thallium electrodes, while in
the cathodic half period, the reaction of hydrogen gas formation takes place [9].




ISSN 1991-3494 M 2. 2018

The effect of the concentration of electrolyte on the current efficiency of thallium (I) ions, which are
formed by polarizing thallium (I) electrodes in nitric acid with the help of alternating current is shown in
figure 5.
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Figure 5 — The electrolyte concentration effect on current formation efficiency of thallium (T) ions:
i=6000 A/m’, 1= 0,5h; t=20°C

The initial concentration of nitric acid has a significant effect on the formation of thallium (I) nitrate
during the polarization by alternating current. The concentration of the nitric acid solution is obtained
within 1.0-4.0 N. Minimal current efficiency of TI ions is ~ 76% in 1.0 N. HNO; solution. The maximum
current efficiency is ~ 99% in 4.0 N. HNO; solutions. The increase of the current efficiency in high con-
centrations of the nitric acid can be explained by the electrochemical and chemical dissolution processes
of the metal. When the concentration of the solution is increased, the recrystallization process takes place
as a result of the over-saturation process. The HNO; solution prevents the formation of an oxide layer on
the surface of the electrode in the anode half-period of alternating current, which ultimately increases the
current efficiency of the thallium nitrate formation.

The eclectrolyte temperature effect on thallium electrodes dissolution processes was investigated
between 20-80°C by providing thallium electrodes with the current density of 6000 A/m* when polarizing
them with alternating current (figure 6). As the electrolyte temperature increases, the current efficiency
increases dramatically from 37% to 100%. The loss of electrolyte temperature has a beneficial effect on
the electrode processes that occur on the surface of thallium electrodes. This is due to the solubility of T1
(D) nitrate at high temperature.
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Figure 6 — Influence of temperature on thallium (I) ion current flow rate:
Cunos = In; T= 0.5 h; i = 6000 A/m’

The results of the spectral elemental analysis carried on the thallium nitrate composition that has been
obtained by the electrochemical way are shown in table.
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The result of the analysis on the elemental composition of sediment (TINO,) obtained after electrolysis

Spectrum N (@) T1 Total
1 842 16,45 75,13 100,00
2 8,03 16,03 75,94 100,00
3 827 16,30 75,43 100,00
Average 824 16,26 75,5 100,00

It is worth noting, the electrochemical property of the thallium in the aqueous solution has not been
comprehensively studied yet [10, 11]. Currently, electrochemical study of the properties of rare heavy
metals is of great importance [ 12-21]. The acquisition of new data on the electrochemical properties of the
thallium polarized by industrial alternating current highlights the theoretical and practical value of the
work. The obtained results contribute to the electrosynthesis field that allows obtaining analytically clean
metal compounds.

Electrochemical properties of thallium electrode and its salt were comprehensively investigated in the
nitric acid and the sodium nitrate solutions by the method of electrolysis and by shooting potentiodynamic
polarization curves.

The results of experiments conducted to investigate the nature of electrode processes in electro-
chemical oxidation of thallium and the analytical properties of the formed compounds will allow to detect
thallium compounds in the field of metal waste and raw materials, as well as to create new ways of ob-
taining its required compounds.
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TAJUIMHAJIH HUTPAT HOHJAPBI BAP EPITIHALITEPJEIT DJIEKTPOXAMUAIBIK KACHETI

Annoranusa, Tamuil 31CKTPOIBIHBIH HATPUH HHUTPATHI KOHC A30T KBIIOKBLIBI CPITIHALICPIHACTI 3ICKTPOXH-
MIBUIBIK KACHETI TTOTCHIMOIMHAMHKAIBIK MOJSIPHU3ANMIIBIK KHCBIKTAP TYCIPY APKBIIBI )KOHE 3JICKTPOJH3 SKYPTIY
ApKbLIBI 3ePTTENAL. AJIBIH aja KYPri3lIreH 3epTreyiep TANH 3JICKTPOIbIHBIH HATPHA HUTPATHI EPITIHIICIHAE epi-
MEHTIHZITIH, a1 230T KbIIKBUIBI CPITIHAICIHAC >KAKCHI CPUTIHIITIH KOPCETTi. AJNFAII PET TAJUTHHA NICKTPOIBIHBIH a30T
KbIIIKBLTBI CPITIHAICIHACTI JJNCKTPOXUMILIIBIK €PY 3aHABLIBIKTApBI >kuimiri 50 ['m eHmipicTik aHHBIMANBI TOK
KATBICBIHIA 3CPTTEIAL. DICKTPOIN3 OHIMI - Taiumi (1) HUTPAaThIHBIH TY31UTYiHIH TOK OOHMBIHINA MBIFBIMBIHA OipKaTap
3ICKTPOXHMHUSIIBIK TAPAMCTPIICPIIH dcepi KapacThIphUIAbl. A30T KBIMKBLIBI epiTiHaiciHae Taamuii (I) HoHTaphIHBIH
JKOFapbl TOK OOHBIHIIA MBFEIMMEH (95-97%) Ty3inerinairi kepcetinai. Dnexrposms votmwkenepi T1 (I) noHnapeiHBIH
TY3UIyiHiH TOK OOMBIHIIA MIBIFRIMBIHA - JJICKTPOHT KOHICHTPAIMACH MCH TCMIICPATYPACBIHBIH SISyl ocepi Oap
EKEHJITIH KOPCEeTTi. DNEKTPO ] MOTCHIUAIBIHBIH 6CYl, JMEKTPod OCTiHIe epiMEHTIH KOPFAHBIITHIK Ka0aT - TalauH
KOCBUIBICBHIHBIH, TY3LIyiHE OAaHIAHBICTBI METANIBI MACCHBTI KYHre TycipeTiHairi kepcerimmi. JKypriziareH seprrey-
nepair Hotwkeciaae Tl (1) Ty3mapbH CHHTE3ACY AIH THIMAL dAiCi skacanasl. Ty3inreH Taamii (I) HUTpaTsl KpUCTaI-
JAPBIHBIH KYPaMbIHA 3JICMCHTTIK aHATH3 >KOHC MHUKPOQOTOrpadMsUIbIK capanramamap xacanasl. Tammit (1) Ty3ma-
PBIHBIH CYJAFBI CPITIITITT TOMEH OOFAHABIKTAH, TAILIHH TEK KBIIIKBUIABI EPIiTIHAITIEPAC alHBIMAIbBI TOK SCEpiMEH
EPHUTIHZITI KePCeTiIl.

Tyiiin ce3aep: Tammi, MEKpo(hOTOTpadHs, FTEKTPOIH3, INCKTPOXUMHSL, INEKTPO, KPHCTAILL, AHHBIMAIIBI TOK,
a30T KbIIIKBLIbL, Tai (I) HUTpAThL.
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IJEKTPOXUMHNYECKOE NIOBEAEHUE TAJLIIUA B PACTBOPAX,
COAEPKAIIIMX HUTPAT-UOHBI

AnHOTamust. MeToI0M CHSTHS NOTCHIMOAHMHAMHYCCKHIX MOLIPH3ANHOHHBIX KPHBBIX M METOJOM 3JICKTPOIH3a
HM3YYCHO 3ICKTPOXHMHYECKOE MOBEACHHE TAUINECBOTO JICKTPOJA B PACTBOPAX HUTPATA HATPHA M A30THON KHCJOTHI.
IIpeaBapuTenbHBIC HCCIEAOBAHM MOKA3AH, YTO TAJUTHEBBIN JICKTPA HE PACTBOPACTCA B PACTBOPE HUTPATA HATPHH,
HO XOPOHIIO PACTBOPACTCA B Q30THOM KHIOTE. BrepBhle HCCIEIOBAHBI 3aKOHOMEPHOCTH 3JCKTPOXHMHYECKOTO pac-
TBOPEHU: TAJUIHEBOTO IEKTPOAA MPH MOLIPH3AIUH MEPEMEHHBIM TOKOM ¢ 4acToToi 50 I'l B A30THOKHCIBIX pac-
TBOpax. PAacCMOTPEHO BIMAHME PAAA 3ICKTPOXUMHYCCKIX NMAPAMETPOB HA BBIXO MO TOKY MPOAYKTA JNEKTPOIH3A -
aurpara taums (1). [TokazaHo, 4To mpomcxoauT 00pazoBaHHE HOHOB TAWIHS (I) C BHICOKMMHM BBIXOJAMH IO TOKY
(95-97%). PesymbraThl 3MCKTPONH3a TOKA3BIBAFOT, UTO KOHICHTPALHSA M TCMICPATYPa 3JICKTPOJHTA OKA3BIBAIOT
3HAYUTCIBHOC BIIMSHUC HA BBIXOM IO TOKY 0OpazoBanmug noHOB T1 (I). [Toka3ano, YTO MpH YBCAHMUCHAH MOTCHIINAIA
3EKTPOJA METAJUI MACCHBUPYETCS BCICACTBHE 00PA30BAHUS HA TMOBEPXHOCTH 3ICKTPOJA HEPACTBOPHMOTO 3AIIWT-
HOTO CJIOS - COCOMHCHHUS Tajumsa. B pe3ynbTare MpOBCICHHBIX HCCICAOBAHWH Pa3paboTaH 3(PCKTHBHEIA CIIOCO0
cunre3a coner T1 (I). [IposeneHBI 31EMEHTHBIH U MHKPO(OTOrpapuIeCKuil aHATM3bI KPUCTAILIOB HUTPATA TAJLIHSA
Tl (I). B cBs3W ¢ TeM, YTO COMH TAILTHSA HMCIOT HHU3KYHO PACTBOPHMOCTH B BOAHBIX PACTBOPAX, OBLTO MOKA3aHO, YTO
METAUTHYCCKUH TATHH PACTBOPACTCS TOIBKO B PACTBOPAX KHUCJIOT MO ACHCTBHEM IEPEMEHHOTO TOKA.

Kirouesnbie ciaoBa: tammii, MEKpoQoTOTpadus, 3IEKTPOII3, 3ICKTPOXHMUS, KPUCTAILI, NEPEMCHHBIH TOK,
a30THas kucjaoTa, Hutpar (I) Tammus.




