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STUDY OF A MICROELECTRODE MANUFACTURED
OF A NEW MATERIAL - KOVAR, AND A MERCURY-FILM
ELECTRODE ON THE BASIS OF THIS MATERIAL

Abstract. Studies of the processes, proceeding on the surface of the 29 NK alloy in various media (H>SO.,
HNOs. HC1, NaOH, NH4Cl) have been carried out. It has been found that kovar is characterized by a more negative
potential than pure nickel. This is due to the fact that in the 29 NK alloy, iron is potential-determining, the normal
potential of which is much more negative than that of nickel (E°pere= -0.441V; E%ini= -0.250 V, respectively). The
course of the potentiometric curves makes it possible to conclude that in all studied acidic solutions, corrosion
proceeds according to an electrochemical mechanism, which is observed for pure nickel only in the sulfuric acid
solutions.

These studies have been the basis for the creation and introduction into the analytical practice of a mercury-film
microelectrode based on the 29 NK alloy. In this connection, the peculiarities of the redox processes of some
electropositive metals, in particular, mercury, on this indicator microelectrode have been studied.

Upon the reduction of mercury two sharp waves have been detected: the first one - at the potential of 0.25 V (a
pre-wave), the second one - at 0.40 V. The character of the reactions proceeding upon the cathode polarization has
been determined with the help of the potentiometric studies.

It has been established that the high power yields in the initial potential region are explained by the proceeding
of a mercury cementation reaction due to the dissolution of the cathode material, alongside with the electrolytic
reduction process.

The conducted studies allow us to come to the conclusion of expediency of using the 29 NK alloy with a
mercury-film coating as an indicator electrode for the electrochemical determination of metals within the potential
range of 0.2 — 0.6 V in the sulfuric acid electrolyte.

Key words: mercury—film, microelectrode, Alloy Kovar, corrosion, electrochemical determination.

Introduction. Kovar, an alloy based on the ferrous metals (29 NK), contains (mas.%): Ni - 29, Co -
18, Fe - 53, i.c. the basis of such an alloy is iron, and, therefore, one can expect that the regularities of the
corrosion process will not differ significantly from those of pure iron. In most cases, iron passes into the
solution in the form of iron ions Fe*", which are then oxidized to Fe** in the presence of oxygen or other
oxidizing agents. The corrosion rate of iron is very dependent on pH of the medium [1].

Corrosion can be caused by both chemical and electrochemical processes. The chemical corrosion is
stipulated by an interaction of metals with dry gases and liquid non-electrolytes under the conditions,
when moisture is absent on the metal surface and no electrode processes occur at the phase boundary.
Upon the chemical corrosion of iron, metal is oxidized without the formation of an electric current
circuit:

3Fe + 20 = Fe304 (FeO-Fe,05),
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the oxide film formed on the iron surface is very loose, it does not adhere tightly to the metal surface, that
is why corrosion proceeds until the complete destruction of the object.

The cause of the electrochemical corrosion is the formation of a large number of micro-galvanic pairs
on the metal surface, as a result of the conjugated electrode processes, and it occurs when metals come
into contact with electrolytes. The electrochemical corrosion can occur both during a contact of two
metals, and in the absence of a contact with other metals. Since we are interested in the effect of acid
cations and pH of the medium upon the corrosion of iron, let us consider the mechanism of electro-
chemical corrosion initiation, accounting for the nature of the medium. The pH index is a quantitative
characteristic of acidity of the solutions. It shows the measure of activity of hydrogen ions, and is
calculated as a negative decimal logarithm.

The electrochemical corrosion of metals is the result of the two simultaneous processes:

- an anodic process of metal ionization (metal oxidation);

- a cathode process of reduction of the oxidizing component of the corrosive medium (reduction of
hydrogen ions or dissolved oxygen in water).

Corrosion with the release of hydrogen is possible if the potential of a hydrogen clectrode is more
positive than that of the metal. Corrosion with oxygen absorption is possible if the potential of an oxygen
clectrode is more positive than that of the metal [2]. All metals, whose equilibrium potentials are more
negative than the potentials of the hydrogen or oxygen electrodes, corresponding to these conditions, can
be dissolved, and the metals, whose equilibrium potentials are more positive than the latter, are not subject
to corrosion.

If the medium is acidic, then the depolarizers of the cathode process are hydrogen ions; in the neutral,
alkaline media and in the atmospheric conditions the depolarizers of the cathode process are the molecules
of oxygen, dissolved in the electrolyte [3].

Since the standard electrode potential of iron is E°= -0.44 V, iron can be subject to corrosion both
with hydrogen and oxygen depolarization, depending on pH of the medium.

The process of iron corrosion in the acidic medium of the electrolyte solution proceeds with hydrogen
depolarization and is represented by the equation:

Fe +2H — Fe*'+ H,
Fe+ HCI :F€C12+H2

The process of iron corrosion in the neutral medium proceeds with oxygen depolarization and is
represented by the equation:

2 Fe+0x+ 2H,0= 2Fe*" +40H
2 Fe+0,+ 2H,0= 2Fe (OH):

As a result of an analysis of the literature on the effect of various media upon the rate of iron corro-
sion, it has been shown that the pH range of the medium, within the limits of which the pH value influen-
ces changing the rate of the corrosion process, as well as the effect of the nature of an acidic anion upon
the iron corrosion process with different pH values are not always unambiguous and it requires an
additional research [3].

Besides, it is interesting to reveal the effect of the nature of acidic anions in a weakly acidic medium,
most frequently occurring in the environment.

Experimental method. Voltammetric measurements were carried out on a PI-50.1.1 potentiostat,
which made it possible to operate in the mode of cyclic and inversion voltammetry with different potential
sweep rates. The analysis was carried out in a three-clectrode cell, while stirring the solution (V = 25 ml)
due to the electrode rotation at the rate of 900-960 rpm.

A mercury-film electrode of the 29 NK alloy served as a working electrode with an apparent surface
area of 0.013 cm®. The voltammograms were recorded on a two-coordinate self-recording potentiometer
UI-2 with the scanning rate of 100-200 mV/s. The reference electrode was the silver-chloride electrode
EVL-1MZ. 1, the potential of which in relation to normal hydrogen equivalent in a saturated KC1 solution
at 20°C is equal to 0.237 V. Pt wire was used as an auxiliary electrode. Removal of oxygen from the solu-
tion was achieved by purging it with argon for 15 minutes. The initial solutions of the studied metals were
prepared from salts of chemically pure and extra-pure grades. The solutions of lower concentrations were
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obtained by diluting the initial electrolytes with the background electrolytes. The background electrolytes
were prepared by dissolving the corresponding salts of extra-pure grade in distilled water.

A mercury-film coating on the surface of the electrodes was applied by way of electrolysis of 0.05-
0.06 M HgSO, solution for 3-5 minutes according to the method developed by us [4].

Experimental. Only the data, related to the manufacture of ignition electrodes of the 29 NK alloy,
which can be used in metallurgy, space technology, instrument making and power engineering with
sequential spraying of alumina and titanium nitride on the nickel-aluminum intermetallic sublayer, are
known [5]. Unfortunately, the authors were interested in the other branches of science.

For studying the corrosion process of the 29 NK alloy, studies of the electrochemical processes,
proceeding on the surface of the 29 NK alloy in various media have been carried out. The potentiometric
curves for the 29 NK alloy in the studied solutions (H.SO4, HNOs;, HCI, NaOH,NH,4Cl) are presented in

figure 1 a,b.
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Figure 1 — Corrosion resistance of a kovar electrode in various media:
a) 1.2 - HoSOq; 3.4 - HCIL; 5.6 - HNO3; 6) 1.2 - NH4Cl; 3.4 —NaOH; C, mol/1: 1,3,5-0.1;2,4,6-0.5

As is seen from the presented data, kovar is characterized by a more negative potential than pure
nickel, which is connected with the fact that in the 29 NK alloy iron is potential- determining, the normal
potential of which is much more negative than that of nickel (E’rere= -0.441 V; E’nini= -0,250 V,
respectively).

In this connection it follows, that the corrosion process in the alloy will proceed due to iron dissolu-
tion. In our opinion, the course of the potentiometric curves allows us to conclude that in all studied acidic
solutions, corrosion proceeds according to the electrochemical mechanism, which for pure nickel is
observed only in the sulfuric acid solutions. This difference in the behavior of kovar and pure nickel, for
which the mixed (HCIl) and chemical (HNO;) mechanisms of corrosion are marked, is explained by the
electrochemical mechanism, because it is facilitated due to the local corrosion. In the latter case, the
release of hydrogen occurs on a metal with a lower overvoltage value — nickel; and iron, being a more
electronegative metal, dissolves and supplies its ions to the solution [6].

The mixed mechanism of the corrosion process of a kovar electrode is also preserved in a weakly
acidic medium, as indicated by the course of the E, t curves (figure 1b, curves 4, 5). The two characteristic
sections are distinguished on the potentiometric curves. Herewith, on the first of them corrosion proceeds
according to the mixed mechanism, and on the second one, where a stable state with a slight shift of
potential to the positive direction is marked, corrosion proceeds according to the electrochemical me-
chanism.




N E W S of the Academy of Sciences of the Republic of Kazakhstan

The course of the potentiometric curves of kovar in the alkaline solutions is somewhat different, with
an increase in the concentration of alkali a shift of the potential to the electronegative direction is
observed. In this case, the electrode potential reaches a certain stable value only after 20 minutes of
contact with the electrolyte. Herewith, the transition of the kovar electrode to the passive state is possible.

Our results and their explanation comply with the data of Frumkin et al. [7, 8], who have found that
the dissolution rate of iron in the alkaline solution is higher than that in the acidic one, and it increases in
proportion to an increase in the concentration of hydroxyl ions [OH-]? [9]. The authors have developed an
idea of a multi-stage electrochemical corrosion process, and for the case of dissolving Fe in NaOH, the
following process scheme has been proposed:

Fe + OH — FeOH' s + ¢

FeOH'.ys + OH — FeOugs+ H:O + ¢
FeO.4s+ OH — HFeOy

HFeO, + H,0 — Fe(OH), + OH

The second stage of the process is limiting, therefore, the corrosion rate of anodic iron dissolution is
described by a kinetic equation [9]:

I. =k;[FeOH" s || OH Jexp [(1-0) FE/RT|= k[OH |*'exp[(1-c) FE/RT]
(a — an electron transfer coefficient in the cathode process).

The second order of the reaction for OH — ions has been confirmed in their further works. According
to the above scheme, the aqua-hydrocomplex of iron FeOH +.4, adsorbed on the surface of an iron
electrode, acts as a corrosion catalyst, and in the slow stage a simultancous transfer of the two electrons
takes place. The considered regularities of the corrosion process of pure iron in the alkaline medium, in
our opinion, hold also true for its alloy, in which it is the base metal with the most electronegative
potential.

Thus, based on the obtained data, a conclusion may be drawn that the acidic solutions (H.SO4, HNO3)
and weakly acidic solutions (NH4Cl) solutions are most suitable as the background electrolytes upon using
an indicator kovar electrode in the method of inversion voltammetry (IVA).

Our work presents the studies of a new material as an indicator electrode and the development of
methods for determining the ultramicrogram quantities of heavy metals by the method of inversion
voltammetry. Voltammetry, on the whole, has shown remarkable capabilities, for example, for highly
sensitive (10® — 10 mas.%) determination of impurities. In all sectors of the national economy and
various environmental services there is a high need for analytical control of substances in very small
doses. In this connection, one of the most urgent tasks is the development of highly sensitive methods for
determining a wide range of elements in ultra-small quantities.

In recent years the number of publications, devoted to the inversion methods, has been steadily
increasing. This is due to the emergence of new devices, as well as the transition to the application of
mercury-film and solid electrodes. In the review papers and books on the electrochemical inversion
analysis, published so far, the emphasis has been made on the works, dedicated to a classical mercury
electrode.

Over the last years, the mercury-film electrodes (MFE) are most commonly used. These include the
electrodes, obtained by applying a uniform mercury film on an inert electrically conductive substrate [10].
The advantages of MFE are as follows: stability, simplicity and low cost, as well as a possibility of use
them in the flow systems. An important advantage of a film electrode is a possibility of electrochemical
cleaning, which allows it to be used repeatedly. For studying the processes of electro-oxidation and
clectro-reduction of substances, reducing the detection limit, improving the accuracy and reproducibility
of the method, it is important to forecast the analytical properties of indicator electrodes and to select the
most promising ones of them. The creation and introduction into the analytical practice of the mercury-
film microelectrodes, wherein metals and alloys, weakly interacting with mercury, are also used as the
base material, have necessitated studying the peculiarities of the redox processes, using the example of
some ¢lectropositive metals, in particular, that of mercury.

— §0) ——
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Figure 2 — Polarization curves of double-charged mercury reduction
in the sulfuric acid electrolyte on a mercury-film electrode, based on the 29 NK alloy:
1-10*mol/l; 2 — 10> mol/I; 3 — 10 mol/l

The 29 NK alloy (kovar), proposed by us for the first time as a promising material for manufacturing
an indicator microelectrode with a mercury-film coating, has been chosen as a study object.

The cathode polarization curves, recorded on the 29 NK, are shown in figure 2.

As aresult, it has been found that in the pre-wave potential region on the 29 NK alloy the power vield
(VT) of the process of mercury reduction exceeds 100%. With the potentials, corresponding to the limiting
current of the main wave, VT approaches 100%. A further increase in the current leads to a decrease in
VT, related to the release of hydrogen, which is well seen on the basis of the comparison with the back-
ground electrolyte curve. The high power yields in the initial potential region are explained by a reaction
of mercury cementation due to the dissolution of the cathode material, alongside with the electrolytic
reduction process:

Hg?* + Me® — Me2* + Hg®

This is evidenced by the results of the specially conducted experiments. A sample of the material has
been kept in the working electrolyte without the current for 60 minutes, after which the quantity of the
recovered mercury has been determined, and the values of the corresponding cementation currents have
been calculated: icem = lox, WheTe icem and ioy, are the currents of mercury cementation and substrate
oxidation, respectively.

The cementation current, which determines namely the corrosive current, largely depends upon the
ion concentration of double-charged mercury throughout the polarization curve. It becomes clear when
considering the partial curves of ions and oxidation of the material - the substrate. For the 29 NK alloy, it
corresponds to the value of 2.6-10°, mA/cm* and satisfactorily agrees with the experimentally found
values of the limiting currents of the main cathode wave (7).

Reduction of double-charged mercury on the surface of the 29 NK alloy by way of cementation

Material Es, V Mg, Mg iem1073, mA/cm?
29 NK (kovar) -0.12 5.12 2.32
-0.20 4.57 2.65
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For the period of the alloy polarization, upon recording the cathode curves, the electrode surface does
not have time to be covered completely with a mercury film. Due to this, the potentials of the beginning of
hydrogen release in the working and background electrolytes are the same and depend on the nature of the
substrate (figurer 3).
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Figure 3 — Curves in the background (1) and working (2) electrolytes on the 29 NK alloy

Conclusions. Thus, the conducted studies allow us to draw a conclusion of expediency of using the
29 NK alloy with a mercury-film coating as an indicator electrode for the electrochemical determination
of metals within the potential range of 0.2 — 0.6 V in the sulfuric acid electrolyte. The essential difference
of the proposed electrode material from the indicator mercury-film electrode on a nickel substrate consists
in the fact that the content of the alloy component Ni, relatively well-soluble in mercury, makes up only
29%. This property of the alloy makes it possible to practically exclude the formation of an intermetallic
compound NiHgs and other chemical processes, related to the cementation reaction, proceeding in the
systems under consideration.

A. C. Mycunal, T. Y. Baiiramenal, T. C. Beiicenona’?,
M. Kosmaraneronal, B. C. 3akupos®, H. O. Miip3axmerona!

'Kasax yITThIK KBI3Oap MEIATOTHRANBIK yHEBEPCHTETI. AmMarsr, Kaszaxcram,
ZAnp-®apabu ateiEaarsr Kaszak yirTeik yRuBEpCUTETI Anvarsr, Kasaxcran,
3036eKCTaH PeCy OIMKACHT FBITBIM AKAJEMHUSCHIHBIH YKAITBI JKOHE HEOPTAHHKAJIBIK XHMHUS HHCTHTYTHI,
TamkeHT, ©30eKCTaH

EPITIHAI KOBAP K9HE
CBIHAII-IIJIEHKAJIBI MUKPOJJEKTPOATHI
KAHA MATEPHAJIJIAH OHAEJIT'EH 3ATTAP HET'T3IHJAE 3EPTTEY

Annoramust. 29HK xopsrrnacenbie Ocetinae op typm opraza (HoSO4, HNO3 HCL, NaOH, NH4(Cl) eTtken
MPOLECCTCPIl 3EPTTCY KYMBICTAPHI Kyprizimai. Ta3a HuKeAre KaparaHAa KOBapFa TCPIC MOTCHIHMAT TOH CKCHIITL
anbikTangsl. byt 29HK kopeITnachkiHaa MOTCHIMMAN AHBIKTAYIOBI TCMip OOJBIN TaOBLIANBI, OHBIH KABINTHI MMOTCH-
HMATIBl HEKEIBIe KaparaHda Tepicrey (cobikecinme E’rer. = -0.441B; E%ini = -0,250 B) GoaybiHa GaliIaHBEICTEL
IMoTeHmmManemueyi KACHIKTAPABIH MKOJIBL, OApPJBIK 3CPTTCYJCP OOHBIHIIA TOTOACY MPOLECCi 3ICKTPOXHMHIBIK
MEXaHU3MMCH OTCTIHIT] a1, HUKEJb YIIiH TEK KYKIPT KbIIKBUIBI CPITIHAICIHAC KYPETIHAITIH KOPCETTI.

Byn 3eprreynep 29HK koBap epiTiHAICI HETI3iHACTI CHIHAT-IICHKAIBI 3ICKTPOATAPABIH AHATHTHKAJIBIK TPAK-
THUKACHIH CHIIPYMEH KAIBIITACTHIPYFa Heri3 Oomapl. OChiraH OaWIaHBICTBI KEHOIP OH JICKTPII METAIIAPIBIH,
CBIHAIl MBICAIIBIHIA OCBHI MHAMKATOPIBI 3JCKTPOATAPBIHAA TOTHIFY-TOTHIKCHI3TAHY IPOLECCTEPIHIH EPEKIICTIKTEP]
AHBIKTAIIBL.

— §) ——
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ChIHANTHI KANIBIHA KEATIPYJC aHBIK €Ki TONKbIH Kepiadi: 1 — 0,25 B (anabpIHFBI TOJNKBIH) MOTCHIUAIBIHIA,
2 — -0,40 B. PeakumsamapablH KaCHCTi, KAaTOATHI MOUIPH3AMUAAAH OTY JKONBI MOTCHIMAMCTPHSLIBIK 3CPTTCY ISP
KOMETIMEH aHBIKTAIIIBL.

Karoa marepmangapsHbIH epyl eCeOIHEH CHIHANTHIH HEMEHTTENYl PEAKIISCHI ICKTPIIl KAWTa KAJNIbIHA KEJIy
MPOIIEC] MOTCHINAABIH AFANIKBI AyMAFbIHIA >KOFAPHI TOK IIBIFYBI KATAPhI APKBLIBI )KYPETIHAITIMEH TYCIHAIPIICTIHI
AUKBIHIAJIIBL.

XKyprizinren zeprreynep 29HK epirinaici ChIHAN-IICHKANbI SKA0BIHAB HHAMKATOP 3JCKTPOJ PETHIAEC METall-
JApABI ANEKTPOXUMISLIBIK aHbIKTayJa — 0,2—0,6 B uaTEpBaN apanbFbiHAa KYKIPTTI KBIIIKBLT JJICKTPOIHTIHAC Maiiaa-
JAHY YCHIHBLTATBL.

Tyiiin ce3aep: ChIHAN-TIICHKACHI, MHKPOIJICKTPO, KOBAP EPITIHICI, TOTHIKTAHY, 3JCKTPOXUMHUSIIBIK AHBIKTAY .

A. C. Mycunal, T. Y. Baiiramenal, T. C. Beiicenopa’Z,
M. Koamaranberosal, B, C. 3akupor?, H. O. Meip3axmeronal

'Ka3axcKuii HAIMOHATEHBIN JKEHCKHH METATOTHICCKHN YHHBEPCHTET, AnMaTeL, KaszaxcTam,
TKazaxckuii HAHOHATBHBIA YHUBEPCHTET UM, alb-Oapadu, Amvarsr, Kazaxcran,
3HnctutyT 06meit u neopranuueckoit xuvun AH PecnyGmuxu V36exuctan, TamkenT, Y30ekuCTan

HCCIEJOBAHHUE MUKPOJJEKTPOJA
U3 HOBOTI'O BEHIECTBA - CIIVIABA KOBAP U PTYTHO-IJIEHOYHOTI'O 9JEKTPOJA
HA OCHOBE 3TOI'O MATEPHAJIA

AnHoTanmmsi. beutM mpoBeAEHBI MCCICAOBAHMS MPOILIECCOB, MPOXOMIMUX HA HMoBepxHOCTH cmuiaBa 29HK B
pasmuunabIx cpenax (HoSO4, HNOs; HCL, NaOH, NH,Cl). YcTaHoBICHO, UTO IJ1 KOBApa XapakTepeH 00ee OTpHIa-
TCIBHBIN MOTCHIHAI, UM I YHCTOTO HHKSIA. 3TO CBA3AHO C TeM, UTO B CruiaBe 29HK moTCHIHAIOMPEACTIIOIIIM
SIBIBIETCSI HKEJIE30, HOPMAJIbHBIH MOTCHIHNAI KOTOPOTO 3HAYMTEIBHO OTPHUATEIHHEEC HHUKEJICBOTO (COOTBETCTBEHHO
E%ere = -0.441B; E%iny = 0,250 B). Xoa MOTEHIHOMETPUYECKHX KPHBBIX IO3BOISET CAEIATh 3AKJIFOUYCHHE, YTO BO
BCEX M3YUCHHBIX KHCIBIX PACTBOPAX KOPPO3HS MPOTEKACT MO 3IMCKTPOXHMHUCCKOMY MEXAHWU3MY, KOTOPBIH I
YHCTOTO HUKEJIST HAOMOIACTCS TOIBKO B PACTBOPAX CEPHON KHCITOTHL

OTH WCCIEIOBAaHWS SBUJINCH OCHOBOHM [UIT CO3AAHUS M BHEIPCHHS B AHANMTHYCCKYIO IPAKTHKY PTYTHO-
IUIEHOYHOTO MHKPO3JICKTPOIa HA OCHOBE cruiasa koap 29HK. B cBs3u ¢ 31uM ObLIH W3YUYCHBI OCOOCHHOCTH OKHC-
JMTEILHO-BOCCTAHOBHTEIFHBIX IPOLECCOB HA 3TOM HHAMKATOPHOM MHKPOJIEKTPOJAC HEKOTOPBIX 3ICKTPOIOJIO-
SKUTCJIPHBIX METAILIOB, B YACTHOCTH PTYTH.

ITpu BOCCTAHOBICHUM PTYTH BBIABICHBI IBE YETKHE BOMHBL: 1-ad4 — mpu noreHuuane — 0,25 B (mpeasonna), 2-as
mpu — 0,40 B. Xapakrep peakuuii, MPOTSKAMIIUX MPH KATOJHOHN MOAPH3ALMHE BBIACHEH C IIOMOIIBIO NOTCHIIMOMET-
PHUUECKUX HCCIACIOBAHUIM.

YCTaHOBJIEHO, YTO BBICOKHE BBIXO/BI IO TOKY B HAYAIBHOM 00JACTH MOTCHIHAIOB OOBSICHIFOTCS IIPOTCKAHUEM
HApSAY C IMPOLECCOM 3NICKTPOJHTHYSCKOTO BOCCTAHOBJICHHS PEAKIMH IICMEHTALMH PTYTH 3a CHET PAacTBOPSHHS
MaTepHana Karoaa.

[TpoBeneHHbIC HCCICAOBAHMS TIO3BOIIIOT CACTAThH BBHIBOJ O IIEIECO00PAa3HOCTH HCTOIb30BaHms cruasa 29HK ¢
PTYTHO-IUICHOYHBIM TIOKPBITHEM B KAYECTBE MHAMKATOPHOTO JICKTPOAA MPH 3INCKTPOXMMHUECKOM OIIPE/ICICHUA
METAJUIOB B HHTEPBajc NOTeHUHAIOB — 0,2—0,6 B B CEpPHOKHUCIIOM 3JICKTPOJIHTE.

KimoueBbie ciioBa: pryTHas — IUICHKA, MHKPO3JICKTPO, CIIaB KOBAP, KOPPO3WS, INEKTPOXUMHUECKOE OIIpe-
JICTICHUE.
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