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Electrochemical behavior of zirconium

In recent years, alternating current has been widely used in various fields of chemical and electrochemical
technology. When a symmetric alternating current passes through an electrochemical cell, in principle there
should be no visible changes, since the product restored to the cathode half-period should be oxidized back to
the anodic half-period. However, depending on the conditions of electrolysis, electrode material, etc. a pur-
poseful course of the electrochemical process is possible. From the point of view of developing methods for
the production of pure metal and its various compounds widely used in modern industry, a study on the elec-
trochemical behavior of zirconium is of theoretical and practical interest. The paper shows the distinctive pe-
culiarities of electrochemical processes occurring on a zirconium electrode during electrolysisdby an industrial
alternating current. Optimal conditions for zirconium dissolution were determined when studying the influ-
ence of current density on zirconium and titanium electrodes, the concentration and temperature of the elec-
trolyte, the duration of electrolysis and the frequency of alternating current. The elimination of the passivation
process of the zirconium electrode and the increase of the rate of the metal dissolution were shown while the
polarization of zirconium by an alternating current in combination with a titanium electrode.

Keywords: electrolysis, zirconium, industrial alternating current, current density, a frequency of alternating
current.

Introduction

At present, the electrochemical behavior of metals under alternating current polarization is comprehen-
sively investigated. However, there is no information‘on obtaining salt of refractory metals, such as zirconi-
um in the literature. As can be seen from preliminary studies, one of the most promising methods for the
preparation of zirconium compounds is the dissolution of metallic zirconium wastes by electrochemical
means when polarized by alternating current in aqueous solutions.

Electrochemical properties of refractory metals have their own characteristics. Their anodic ionization
proceeds by forming a nonmetallic solid phase. In the anodic polarization of refractory metals such as
titanium, zirconium, tungsten passes in a passive, transpasive state, or some become metal-ion through the
formation of a surface film when.the anodic potential in the electrolyte increases [1-6].

Such properties of these metals are due to the electronic and external structure of atoms.

Studies of recent years on the study of electrode processes under the influence of alternating current
have shown that under certain conditions some electrochemical reactions proceed with a sufficiently high
rate with the formation of the target products [7]. In this regard, a comprehensive study of the electrochemi-
cal behavior of zirconium under polarization by alternating current of 50 Hz is perspective.

Experimental

The aim of this work was to study the electrochemical behavior of zirconium under polarization by al-
ternating current in nitric acid solution, the effect of various electrolysis parameters and obtaining its salt —
zirconium nitrate.

The studies were carried out in a 50 ml glass electrochemical cell; the electrode spaces were not sepa-
rated. Zirconium plate of 2.5%2.5 size and a titanium wire (grade VT-01) were used as electrodes. The source
of the sinusoidal alternating current was power supply V-24 (in simplified form, it is a step-down transform-
er with a smooth voltage regulation), which had AC terminals. Before the experiment, the electrodes were
thoroughly cleaned and rinsed with distilled water. It should be noted that after electrolysis the loss of elec-
trode mass was determined and the current output (CO) of zirconium was calculated for the anode half-
period.

The effect of various parameters on the electrolysis process, in particular, the current density at elec-
trodes, the concentration and temperature of electrolyte and the frequency of the current were studied.
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The influence of the current density on the zirconium electrode in the interval of 100-2000 A/m* was
studied. As the results of the study showed, the current output increases from 26 % to 65 % with increasing
current density (Fig. 1).
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Figure 1. Effect of current density on the zirconium electrode on the current output
of zirconium dissolution in nitric acid solution

When investigating the effect of the alternating current density on a titanium-electrode on the current
output (CO) of zirconium dissolution in the range of 10-80 kA/m’ in nitric acid solution 0.5M at a current
density on a zirconium electrode of 2000 A/m’, the dependence has'a curve form passing through the maxi-
mum (Fig. 2). The results of the experiments showed that when.the current density on the titanium electrode
is increased up to 40 kA/m’, the value of the CO of the zirconium dissolution increases, reaching 65 %. Since
the current density is higher than 40 kA/m?, the CO decreases, since it seems that more friable oxide films
which have low semiconductor properties are formed at higher current densities on the titanium electrode.
When zirconium is polarized by alternating current in.the anodic half-period, zirconium ions (IV) are
formed.
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Figure 2. Influence of the alternating current density on a titanium electrode
on the current output of the zirconium dissolution in nitric acid solution

As is known, the use of alternating current accelerates the zirconium dissolution process. In the polari-
zation of zirconium by alternating current in nitric acid solution, zirconium ions (IV) form salt by interacting
with nitrate ions.

An increase of the concentration of nitric acid from 0.25 to 1.0M leads to an increase in the current out-
put and a further increase of the concentration to 3.0M leads to a decrease in the current output of dissolution
of the electrode under the study (see Table). The CO of the zirconium dissolution in nitric acid concentration
of 5 mol/l is 41 %. An increase in the concentration of nitric acid leads to a decrease in electrical conductivi-
ty, which in turn reduces the CO. In addition, intense oxygen evolution is observed and the surface of the
zirconium electrode is passivated with an increase of nitrate ions in the anode half-period.
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Table
Influence of the nitric acid concentration on the current output of the zirconium dissolution
(iz:=2000 A/M?%; ir;= 40kA/M*; T =30 min; #=20 °C; v = 50 Hz)
C,M 0.25 0.5 1.0 1.5 2.0 2.5 3.0
CO, % 37 63 82 78 74 72 70

The calculated reaction order is 1.24. It means that the reaction of the zirconium dissolution is first-
order. The known regularities in the course of chemical reactions involve an increase in the rate of the reac-
tion, however in our experiments it has been established that as the temperature rises (Fig. 3), a decrease in
the current output on the dissolution of the zirconium electrode is observed. If the CO is 63 %-at.t.= 20 °C,
then it is 10 % at 80 °C. As the temperature rises, the mobility of ions decreases, which leadsto a decrease in
the current output. Optimal conditions for electrolysis: Ciyno,= 0.5M, iz, = 2000 A/m*; t= 0.5 hour.
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Figure 3. Influence of the electrolyte temperature on the current output
of the zirconium disselution in nitric acid solution

The dependence of the current output of the zirconium dissolution under the polarization by alternating
current on the duration of electrolysis shows that with an increase in the time from 0.25 to 1.5 hours, the CO
decreases. If the CO is 62 % at 0.25 h, then at 1.5'h it reaches 20 %. The decrease in the CO in prolonged
experiments is due to the formation of an oxide on the surface of the electrode, resulting in partial screening
of the electrode and inhibition of the dissolution process.

One of the main parameters of electrolysis is the frequency of alternating current. In this regard, the in-
fluence of the frequency of alternating current on the zirconium dissolution in nitric acid solution was stud-
ied (Fig. 4). It was found that the highest value of the CO on the zirconium dissolution is observed at a fre-
quency of 50 Hz. An increase in-the frequency of alternating current from 50 to 3000 Hz at a current density
on zirconium electrode 2000 A / m” and titanium electrode kA/m” leads to a decrease in the current output of
the zirconium dissolution from 64 % to 5 %.
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Figure 4. Influence of the alternating current frequency on the current output
of the zirconium dissolution in nitric acid solution
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Apparently, at a high current frequency, the required duration of the anode half-period is not ensured
for the dissolution reaction to proceed. This decrease is also associated with a decrease in the magnitude of
the average amplitude of the alternating current with increasing frequency, which leads to a decrease in the
polarization of electrodes. At this point, hydrogen ions are involved in the electrode process. In the cathode
half-period, hydrogen ions are reduced to an active atomic state and in the anodic half- period they are back
oxidized to hydrogen ions.

Conclusions

Thus, for the first time, we have studied the electrochemical behavior of zirconium under polarization
by alternating current. The effect of various parameters of the electrolysis of the current density, the concen-
tration and temperature of the electrolyte, the duration of electrolysis and the frequency of the alternating
current on the current output zirconium dissolution have been studied. Optimal conditions for the zirconium
dissolution have been determined. It was established that zirconium nitrate is formed when zirconium is po-
larized by the alternating current, which allows to develop optimal methods for obtaining zirconium nitrate.
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LupKoOHUITIH 31eKTPOXUMHUSJIBIK KACHeTi

CoHFBI KBUIAAPHL AHHBIMAIIBI TOK OPTYPJIi XUMHUSIIBIK JKOHE 3JIEKTPOXHMHSIBIK TEXHOJIOTHS caalapblHIa
KeHiHeH KoijaHyzna. CHUMMETpHsUIl alHBIMAIbl TOKTHI BJIEKTPOXHUMHSIBIK YAIIBIKTAH OTKI3reH Kesle
Heri3iHeH elIKaHgail e3repicTep OpbIH anMaybl Kepek, ce0edi KaToAThI )KapThllal MepHoITa TOTHIKChI3IaHFaH
OHIM aHONTBl >KapThUIAll MEpPUOATa Kepi TOTHIFYbl THic. Amaiifia 3JIEKTPOJIM3 >KaFJallblHa BIEKTPOJ
MaTepHajiblHA JKOHE Tarbl Oacka )Karjaiylapra OaiJIaHBICTBI MAKCaTTHl AJIEKTPXHMMISIIBIK IIPOIECC KYPYl
MYMKiH., TeopHsIbIK jKoHE MPAKTUKAJIBIK TYPFBIIAH MUPKOHHHIIH JIEKTPOXUMHUSUIBIK KACHETTEpiH 3epTTey
Ka3ipri 3aMaHFBl OHEPKACINTe KEHIHEeH KOJINAHATHIH Ta3a METaUl JKOHE OHBIH KOCBUIBICTApBIH alyfaa
KBI3BIFYIIBUTBIK TYBIHAANIB. Makanasa aiHBIMAbEl TOKIICH MOJSPH3AIMIaHFaH [UPKOHUH SJIEKTPOABIHAA
JKYPETIH DIEKTPOXMMISIIBIK — YPJICTepIiH epekmenikTepi KkepcerinmreH. llupkoHmit >keHe THTaH
NIEKTPOATAPBIHAAFB TOK THIFBI3JbIFBIHBIH, 3JICKTPOJIUT KOHIEHTPAIMAChl MEH TeMIepaTypachiHbIH,
3JIEKTPOJIN3 Y3aKTHIFBIHBIH JKOHE alHBIMANIBl TOK JKHUJITIHIH OcepiepiH 3epTTereH]e aiHbIMalbl TOKIEH
HOJIIPU3ALMSIIAHFAH LIMPKOHMIIH epyiHIH OHTalJIbl JKaFiaiapbl aHBIKTALIbl. THTaH 3JIEKTPOJIBIMEH
KYNTACKAHIA LMPKOHUH BJIEKTPOABIHIA MACCUBTEHY MPOIEC JKOMBUIBIN, METANIbIH €pY JKbUIAaMIBIFbI
apTaTBIH/BIFBI OSNTiT1 OOJIITBI.

Kinm ce30ep: 31eKTpoyn3, IUPKOHHUHN, OHIIPICTIK aifHBIMAIIBI TOK, TOK THIFBI3/IBIFBI, AifHPIMABI TOK JKULIIT1,
ANEKTPXUMUSITBIK MTPOIIECC.
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DJIeKTPOXUMHYECKOE MOBeleHHe IMPKOHUS

B mocenaue ros nepeMeHHbIH TOK HAXOAUT Bce OoJiee MIMPOKOe MPUMEHEHUE B Pa3IMIHBIX 00TaCTIX XH-
MUYECKON U 2IEKTPOXUMHUYECKON TexHONoruu. IIpu npomyckaHuy uepes 3J1eKTPOXUMHUYECKYIO SUCHKY CHM-
METPUYHOTO TIEPEMEHHOTO TOKa B IIPUHIUITE HUKAKUX BHIMMBIX U3MEHEHHH NPON30UTH He JOJDKHO, TaK Kak
BOCCTAHOBJICHHBIH B KaTOJHBIH IOJIYEPHO]] IIPOAYKT JIOJDKEH 00PAaTHO OKHUCISATHCS B aHOAHBIH MOTYTIEPHO.
OnHako, B 3aBUCUMOCTH OT YCJIOBHH 3JI€KTPOJIM3a, MaTeprasa 3eKTpoJa U T.1., BO3MOXKHO IieJIeHapaBIIeH-
HOE MPOTEKaHHE 3IEKTPOXUMHYECKOTo Tporiecca. MccneqoBaHue 3MeKTPOXUMHUYECKOTO TOBEICHHS IIHPKO-
HHS TIPEJICTABIISIET U TEOPETUIECKHH, M MPAKTUIECKHH HHTEPEC, C TOUKH 3PEHHs Pa3paboTKU METOIOB MOIy-
YEeHHs YUCTOTO METajjia U Pa3IHYHbIX €ro COeANHEHMH, MIUPOKO NMPUMEHSIEMBIX B COBPEMEHHOH MPOMBIII=
JeHHOCTH. B paboTe moka3aHbl OTIMUHTENIBHBIE OCOOCHHOCTH 3IIEKTPOXHMMHUUYECKHUX MPOLECCOB, MPOTEKaro-
IMX Ha HUPKOHHUEBOM 3JIEKTPOJIE IIPU 3IEKTPOIN3€E IPOMBIIUICHHBIM IEPEMEHHBIM TOKOM. OnpeieieHs! oIl-
THUMAJIBHEIE YCJIOBUSI PACTBOPEHHMS IINPKOHUS IIPU MCCIIEJOBAHNH BIMSHHUS IIOTHOCTH TOKa Ha IUPKOHHEBOM
W TUTAaHOBOM JJIEKTPOJAX, KOHIEHTPAIUH U TEMIEPaTyphl 3JIEKTPOJINTA, TIPOJOIDKUTEILHOCTH DIEKTPOIIH3a
U 4acTOTHI MepeMeHHOro Toka. Iloka3aHo, 4To MpH MONApU3aluK MEPEMEHHBIM TOKOM IIUPKOHMS B I1ape C
THUTAHOBBIM 3JIEKTPOJIOM YCTPAHSAETCs MPOLECC MACCUBALUK IIMPKOHUEBOTO 3JIEKTPOJA, U CKOPOCTh PACTBO-
pEHHs MeTasIa BO3pacTaer.

Kniouesvie cnosa: 3meKTponu3, UUPKOHHUHN, NMPOMBIIITIECHHBIH TEPEMEHHbIH TOK, MIOTHOCTh TOKA, YacToTa
MIEPEMEHHOI0 TOKA, MIEKTPOXUMUYECKUH ITpolecc.
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