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ELECTROCHEMICAL BEHAVIOR
OF CUPRONICKEL ELECTRODE IN ACIDIC MEDIA

Abstract. The electrochemical properties of the cupronickel electrode polarized by an alternating current in an
aqueous solution of hydrochloric acid were studied for the first time. The electrochemical dissolution of cupronickel
was carried out in a polarization mode with a frequency of 50 Hz in pairs with a titanium electrode. The current
efficiency of dissolution of Cu-Ni alloys dependence on the current density at the titanium (20-120 kA/m?) and
cupronickel (200-1200 A/m?) electrodes, the concentration of a hydrochloric acid solution (0.5-5.0 M), the
electrolysis duration (0.5-1.75 h) and the alternating current effect (50-300 Hz) were considered. It was observed that
the current efficiency of the alloy dissolution decreases linearly with increasing current density at the cupronickel
electrode, while the current density at the titanium electrode passes through a maximum value at 60 kA/m2. The
dependence of the alloy dissolution on the acid concentration was studied, and the reaction order was calculated. The
reaction orders for the formation of copper (I) and nickel (II) ions accounted for 0.95 and 0.85, respectively. As the
frequency of the alternating current increased, the current efficiency of the cupronickel electrode dissolution changed
significantly. It has been shown that high current frequencies do not provide the required anodic half-cycle duration
for the oxidation reaction of the metals, as the periods change very rapidly. It was found that electrolysis is effective
at a frequency of 50 Hz AC. It was observed that the dissolution rate of the copper-nickel alloy increases with
increasing solution temperature. It was found that the dissolution of cupronickel in an aqueous solution of
hydrochloric acid by the temperature-kinetic method takes place in the diffusion-kinetic mode. Ideally, the current
efficiency values were 59% for Cu (I) ions and 15% for Ni (II) ions.

Key words: cupronickel, Cu-Ni alloy, alternating current, titanium electrode, hydrochloric acid, electrolysis,
current density, current efficiency.

Cupronickel is a copper-nickel alloy, usually containing 5-30% nickel, 70-95% copper, and a small
amount of 0.8% iron, 1% manganese. A special property of cupronickel is its corrosion resistance to
seawater and dry gas atmosphere. Cupronickel contains nickel, it exhibits mechanical strength. The higher
the amount of nickel, the higher its strength. Cupronickel alloy containing 30% Ni, 0.8% Fe, 1% Mn, and
68.2% Cu is used as condenser pipes [1], as heat exchanger pipes in the cooling system of nuclear power
plants [2]. Cupronickel B10 is an important material used in aviation due to its good electrochemical and
mechanical properties (corrosion resistance) [3].

Currently, due to the special mechanical properties of alloys based on Cu-Ni, the study of
physicochemical and electrochemical properties of the cupronickel electrode is of interest. The corrosive
properties of cupronickel have been studied in a number of scientific papers [1-6]. Corrosive properties of
cupronickel alloy studied in permanganic acid [2] and in the aqueous solution of sodium chloride [3-5], in
artificial seawater [6,7], and in concentrated LiBr solutions [8]. The corrosion behaviour of cupronickel
alloys (Cu 70, Ni 30) is considered in permanganate under acidic conditions. As a result of cyclic
polarization, it has been shown that in permanganic acid there is uniform corrosion without pitting (point
corrosion) [2].




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

The corrosive properties of cupronickel alloys containing Cu-Ni (90-10) and Cu-Ni (70-30) have
been studied comparatively in brine solutions (NaCl). Cu-Ni (90-10) alloy in 3.5% aqueous solution of
NaCl is more corrosion resistant than alloy Cu-Ni (70-30) [1]. The effects of various parameters
(temperature, chlorides, carbon dioxide, oxygen) affecting the corrosive properties of Cu-Ni (90-10) alloys
in 3.5% NaCl aqueous solution were observed by the electrochemical method [5]. The effect of aluminium
on the corrosion action and mechanical properties of Cu-Ni-Fe-Mn alloys in seawater is considered and
significant changes in the corrosive and mechanical properties of alloy Cu-7Ni-xAl-1Fe-1Mn are shown
[6]. The corrosion resistance of cupronickel (Cu 90-Ni 10) in seawater is provided. During the corrosion
process, it was found that CuO, Cu,0O, and Cu(OH); in the corrosion layer of the alloy are converted into
CuCl, CuCly, and Cux(OH);Cl [7]. The electrochemical corrosion properties of various copper-based
alloys (Cu-10Ni, Cu-Al) in concentrated solutions of LiBr and the corrosion mechanism of cupronickel
alloys were studied and discussed [8].

The electrochemical properties of cupronickel alloy are considered in H,SO4 acid solution [9] and
aqueous LiBr solution [10]. Anodic dissolution of cupronickel alloys in an acidic medium in the presence
of electrically active forms of oxygen was studied. Under optimal conditions, at a potential of 0.3 V and a
current density of 2.54 mA/cm?, a large amount of active oxygen is formed in the process of oxidation, i.e.
dissolution [9]. The electrochemical behaviour of the alloy Cu-Ni (70-30) was studied in different
concentration of LiBr solution from 0.1 up to 9.0 M. It was found that at low values of the anodic potential
(-200V) there is passivation current due to the formation of a doped CuxO film involving surface enriched
in nickel [10]. The electrochemical properties of Cu metal and Cu-10Ni-10Zn alloys in acidic, neutral, and
alkaline solutions were compared. The corrosion rate of the alloy is relatively high in neutral and alkaline
solutions in acidic solutions. It was found that the corrosion rate of Cu metal is high in chloride solutions
[11]. There was considered thermodynamics of chemical and electrochemical stability of copper-nickel
alloys. The chemical stability of cupronickel alloys in the air was determined by nickel, and a phase
diagram of the Cu-Ni-O system was constructed [12].

It is known that the use of alternating current accelerates the dissolution of metals prone to
passivation, including copper and nickel. The electrochemical properties of copper and nickel in the
individual metal states have been studied in several works [13-17]. The mechanism of formation of copper
powders in the anodic and cathodic half-periods of industrial AC at a frequency of 50 Hz is considered in
sulfuric acid. During electrolysis, round metal powders with a current density of 4000 A/m’ of
1-1.5 microns were formed. It was found that ultra disperse copper powders are formed at high current
densities [13]. The electrochemical properties of the copper electrode were studied by anodic polarization
in an aqueous solution of potassium bromide. The effective value of the formation of copper (I) bromide at
the current density of 200 A/m’ of the copper electrode reached 72.1% [14]. The electrochemical
dissolution of copper in hydrochloric acid was studied. It shows the formation of a film of intermediate
compounds of Cu (I) ions during the process, depending on the stability of the chloride complexes Cu (1)
[15]. Electrochemical deposition of copper in a solution of sulfuric acid at different potential values at
alternating current is considered [16].

Electrochemical dissolution of nickel electrodes in an acid medium, in an aqueous solution of H»SO4
acid, was carried out at polarized alternating current. The effect of basic electrochemical parameters on the
formation of nickel (II) ions is studied. Rapid dissolution of nickel was observed between potentials -
160 V and + 200 V [17]. The dissolution of nickel in 100 g/L sulfuric acid is studied by cyclic
voltammetry. The research data revealed that anode nickel oxide films are destroyed during cathodic
polarization as a result of simultancous redox processes and chemical dissolution of oxides in the
electrolyte [18]. Pulse dissolution properties of nickel in rotational processes have been studied, and it has
been shown that the dissolution of nickel depends on the rotational speed and that nickel can be efficiently
processed at low rotational speeds [19].

The dissolution behaviour of brass in sodium phosphate solutions [20] and the electrochemical
properties of the constantine in hydrochloric acid solution [21] polarized by the alternating current are
considered. In both research effect of alternating current of 50 Hz parameters on the dissolution of the
Cu- based alloys were studied. During electrolysis, optimal parameters of electrochemical dissolution
Cu-Zn and Cu-Ni alloys in an aqueous solution were determined [20-21]. Anodic selective dissolution of
copper alloys (Cu 65-Ni 35, Cu 35-Ni 65, Cu 63-Zn 37, Cu40-Zn37, Cu50-Al50) in a mixture of
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carbonates and chlorides of alkali metals were studied. It was shown the possibility of change of the
binary alloy dissolution by changing the kinetic parameters of electrolysis. Due to copper is an
electrostatic component in copper chloride alloys, it was found that during dissolution of alloy a nickel-
enriched layer is formed on the surface of the alloys galvanostatic mode [22]. The corrosion
electrochemical behaviour of Cu based alloys in high-temperature salt electrolytes is studied in the
galvanostatic mode. It was found that L.63 brass samples have the smallest pore diameter in salt melts thus
is the most promising copper-based alloy for the production of nanomaterials [23].

The literature review showed that the electrochemical properties of Cu-Ni based alloys have not been
fully studied, although the electrochemical properties of copper and nickel electrodes polarized by
alternating current in the individual metal state in aqueous media [12-19] have been studied in detail.

In the presented work the electrochemical dissolution behaviour of an electrolytic polarized
cupronickel electrode in an aqueous solution of hydrochloric acid was studied for the first time.

Methods and materials. The electrochemical dissolution behaviour of the cupronickel electrode was
studied in the mode of electrolysis of alternating current at industrial frequencies. The main experiments
were performed in a 100 ml glass electrolyser without separating the eclectrode spaces. A plate of
cupronickel (containing 67.5% Cu, 27.5% Ni) was used as a working electrode and a titanium wire with a
small surface as an auxiliary electrode. The B-24 unit was used as an AC source in the electrochemical
circuit. The deviation of the AC sinusoid was determined by using a universal oscillograph C-1-77. In the
study, a sound generator GEM was used to obtain different frequencies of alternating current. The amount
of copper (II) and nickel (II) ions formed as a result of electrolysis was determined by iodometric, and
photocolorimetric methods [24, 25].

During the experiment, the electrochemical dissolution of cupronickel was carried out in combination
with a titanium electrode. Preliminary studies have shown that when two cupronickel electrodes are
polarized by alternating current, the main processes involved do not take place. When the cupronickel
electrode was paired with a titanium electrode, it was observed that the alloy dissolves by forming copper
(D, copper (II) and nickel (II) ions. This can be explained by the valve property of the titanium electrode,
i.e. the current-correcting property. The valve property is considered to be characteristic of asymmetric
resistance, which is mainly due to the formation of an oxide layer that prevents the passage of electricity at
the titanium electrode during the anode layer that prevents the passage of electricity at the titanium
electrode during the anode half-period [26]. During the cathode half-period, hydrogen is released at the
titanium electrode. In this case, the dissolution of the anchored electrode occurs in the anode half-cycle.
The dissolution current efficiency (CE) of the cupronickel electrode was calculated for the anode half-
cycle of alternating current.

The effects of current densities, electrolyte concentration, solution temperature, electrolysis duration,
and AC frequency on the dissolution of Cu-Ni alloys in the alternating current mode were studied. For
comparison, the electrochemical dissolution of the alloy was carried out in the mode of direct current
electrolysis. Insignificant dissolution of direct current polarized cupronickel electrode was found.

Results and discussion. Dissolution of a cupronickel electrode in a hydrochloric acid aqueous
solution polarized with the alternating current can proceed according to the reactions:

Cu’+CI - ¢ <> CuCl E°=+0.137 B (1)
CuCl-—e < Cu* + CI E’=+0,538 B ()
Ni’ - 2e <> Ni*" E’=-0,250 B 3)

The formation of copper ions proceeds mainly according to reaction (1) since the rate of reaction (2)
is much lower than the first. This is mainly due to the stability of monovalent copper ions in hydrochloric
acid solutions, due to the formation of chloride complexes (reactions 4-6), as well as the disproportionate
reaction [20]:

CuCl + nCl' — CuCly+™ 4
CuCl +HCI — H[CuCl] )
CuCl + 2HCI — Ha[CuCl3] (6)

— 4) ——
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Nickel ions in solution react with chlorine ions to form nickel (II) chloride:
Ni*" + 2CI' — NiCl, (7)

There was studied the effect of titanium electrode current density on the current efficiency of
electrochemical dissolution of a cupronickel electrode polarized by 50 Hz frequency alternating current
(figure 1). It is found that when the current density at the titanium electrode is increased from 20 kA/m? to
120 kA/m?, the current efficiency of the cupronickel electrode passes through the maximum. However, an
increase in the current density at the titanium electrode did not significantly affect the current efficiency of
Ni (II) ions. When the current density value is increased up to 60 kA/m?* the CE values of Cu (I) and
Cu(Il) ions increased from 41% to 59% and from 20.5% to 29.5%, respectively, and the current density
decreased at 120 kA/m*. The increase in current efficiency can be explained by the formation of an oxide
layer on the surface of the titanium electrode with valve, i.e. semiconductor properties. If the current
density at the titanium electrode is increased further, a decrease in the current efficiency of the cupronickel
electrode dissolution is observed. This is due to the formation of titanium oxide layers of different
compositions at different current densities, and changes in their valve properties.

CE.%
100 i A
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80 _ . .
| ——Ni~
60 ey w —+cu”
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Figure 1 — Effect of titanium electrode current density on the efficiency of the cupronickel
electrode dissolution polarized with alternating current: icuni = 400 A/m?, [HCI] = 0,5 M, t=0,5 h.

The reason for the fact that the dissolution of copper-nickel alloys exceeds 100% of the total CE can
be explained by the fact that the copper in the alloy is electrochemically dissolved in hydrochloric acid
solutions, along with electrochemical dissolution:

Cu+ Cu*" — 2Cu" (8)

As a result, copper powders, and cupronickel electrodes formed on the surface of the electrode form a
galvanic couple [20], which facilitates the transfer of nickel from the alloy to the solution. These processes
lead to a high total CE (CE 100%)).

0.5 hours without polarization of the nickel electrode. When placed in an aqueous solution of
hydrochloric acid, 0.47 mg of nickel, 1.04mg of copper, and 1.66 mg of cupronickel electrode were
dissolved.

The effect of current density on the cupronickel electrode on the dissolution of Cu-Ni alloys polarized
by alternating current was studied in the range of 200 A/m* — 1200 A/m” (figure 2). During this
experiment, the current density at the titanium electrode was kept constant at 60 kA/m?. With an increase
in the current density of the cupronickel electrode, there was a significant decrease in the CE of the
formation Cu (I) ions from 70% to 10%, the CE for the Cu (II) ions from 35% to 5%, and the CE for the
Ni (II) ions from 17.5% to 2.5%. This is due to the increase in current density, the increase in the rate of
additional reactions.

Electrolysis by using direct current polarization was also performed for the comparison. It was found
that an increase in the current density at the anode reduces the current efficiency of the cupronickel
electrode dissolution. This phenomenon was observed by the passivation of the electrode.
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Figure 2 — The effect of the cupronickel electrode current density on the current efficiency
of the alternating current polarized Cu-Ni alloy dissolution: iti= 60 kA/m?, [HCI] = 0,5 M, t = 0,5 h.

The effect of the concentration of the hydrochloric acid solution on the electrode process during
polarization with the alternating current was studied. According to figure 3, with an increase in the
concentration of hydrochloric acid by 0.5 M to 5.0 M, the current efficiency value for copper (I), (II), and
nickel (II) ions slightly increased. There is observed stable growth in the current efficiency of the
dissolution cupronickel electrode from 103% to 128%. This is a natural phenomenon, because as the
concentration of the anion increases, so does its oxidizing property.
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Figure 3 — Effect of hydrochloric acid concentration on the current efficiency of cupronickel electrode
dissolution polarized alternating current: icuni= 400 A/m?, iti= 60 kA/m?, 1= 0,5 h.

The reaction order was calculated from the dependence of the acid concentration on the cupronickel
electrode. The reaction order for the total copper ions accounted for 0.95 and nickel (II) ions - 0.85.

Increasing the duration of electrolysis led to a decrease in the current efficiency of copper-nickel
alloys. That is, over time, the electrodes become passivated by the products of electrolysis. When the
electrolysis time exceeded 1 hour, the formation of copper powders was observed at the titanium electrode
of the electrolyte. As a result of the accumulation of copper powders in the titanium electrode, the current-
correcting properties of the titanium electrode decrease.

Figure 5 shows the effect of electrolyte temperature on the current dissolution rate of the cupronickel
electrode polarized by an alternating current. According to the results of the study, a substantial
dissolution of copper-nickel alloys was observed with increasing electrolyte temperature. The value of CE
for total copper and nickel (II) ions increased linearly as well as for total dissolution of Cu-Ni alloy. When
the temperature of the solution was increased from 20 up to 60°C, the CE for nickel (II) ions increased
from 5% to 18.6%, the CE for total copper ions elevated vastly from 22.5% to 132%.
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Figure 4 — The electrolyte temperature effect on the current efficiency of cupronickel electrode dissolution polarized
alternating current, and inverse dependence of the logarithm of the current efficiency of the cupronickel electrode
dissolution on temperature icuni= 400 A/m?, iti = 60 kA/m?, [HCI] = 0,5 M, 1= 0,5 h.

It is known that the rate of chemical reactions is determined by the energy of activation. The
activation energy of electrochemical reactions was found depending on the angular coefficient of the
linear image (figure 4). The average value of the activation energy of total copper ions, and nickel (II) ions
determined by the temperature-kinetic method (IgCE-1/T*10°) was E.x = 9.31 klJ/mol, and
Eact = 21.73 kJ/mol, respectively. This indicates that the ongoing electrochemical reaction takes place in a
diffusion-kinetic mode.
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Figure 5 — AC requencies effect on the current efficiency of cupronickel electrode dissolution polarized
with alternating current: icuni= 400 A/m?, iti= 60 kA/m?, [HCI] = 0,5 M, t = 0,5 h.

As can be seen in figure 5, the effect of AC frequency on the dissolution of Cu-Ni alloys polarized by
the alternating current is significant. The effect of AC frequency on the polarization of the cupronickel
electrode in a hydrochloric acid solution was studied at a current frequency in the range of 50-350 Hz.
Increasing the value of the AC frequency, the total current efficiency dissolution of the Cu-Ni alloys is
reduced from 103.5% up to 8%, respectively, and the dissolution of the cupronickel electrode at 350 Hz
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almost completely stopped. It can be concluded that the decrease in current efficiency with increasing
frequency is caused by the inhibition of the ionization process, i.e. the lack of time required for the
oxidation reaction in the anode half-cycle. Due to the fact that the periods change very rapidly at high
current frequencies, the alloy components do not have time to oxidize copper, and nickel in the anode
half-period. In this case, only hydrogen ions are involved in the electrode process. It can be assumed that
in the cathode half-period hydrogen ions are reduced to the active atomic state, and in the anodic half-
period, they have oxidized again to the H" state. It can also be explained by the regularity of the decrease
in the effect of current density with increasing current frequency, a decrease in the actual polarization at
the electrodes.

Conclusion. The electrochemical dissolution behaviour of a cupronickel electrode in an aqueous
solution of hydrochloric acid under polarization with a 50 Hz frequency alternating current was
systematically studied. On the basis of electrochemical experiments, the influence of the current density at
the titanium and cupronickel electrodes, the hydrochloric acid solution concentration, the electrolyte
temperature, the electrolysis duration and the alternating current frequency on the alloy dissolution
behavior with formation of Cu(l), Cu(ll), Ni(Il) ions were established. Optimal conditions for
electrochemical dissolution of cupronickel alloy in hydrochloric acid medium in the mode of industrial
AC electrolysis were determined: ir= 60 kA/m?, icun= 200 A/m? [HCI]=2.0 M, t=0.5h,t=50"C,v=
50 Hz). Under optimal conditions, the formation of Cu (I), Cu (II), and Ni (II) ions accounted for 59%,
29.6%, and 15%, respectively, and the total dissolution of the alloy reached 103.6%.

P. H. Hypaimnaesal, H. 111. 96ainnal, A. b. Baemon?
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MEJBXHOP 3JIEKTPO/JAbIHBIH KbIIIIKbIJI OPTAJAFBI DJIEKTPOXUMMUSAJIBIK KACHETI

AHHOTanusA. Menpxuop KyHMachIHBIH OepIKTIK jKOHE KOPPO3HSIIBIK TYPAKTHIIHIK KACHETI dKOFaphl OOJFaH-
JBIKTaH, OHIIpic OpBIHAApPBIHAA KOHIEHCATOPIIBIK JKOHE XKBUTYaJIMACTHIPFBIN KYOBIpIap, MEIUIMHATBIK Kypaigap
MEH TYPMBICTBIK a0/bIKTap jKacayla KeHiHeH KoiaaHbuiaabl. Cu-Ni HeriziHieri KyimManapiblH KOJJAHBUTY asichl
KEH, 9pi epeKIle MeXaHUKAJIBIK KacHeTTepiHe OaillaHbICThl MEIbXHUOPABIH JIEKTPOXUMUSIIBIK KaCUETTEPiH 3epTIey-
JIH MaHbI3bl YJIKEH. ¥ CHIHBUIBII OTBIPFaH )KYMbICTa OHIIPICTIK KUUIIKTEr1 alHBIMAJIbl TOKIIEH MOJISpH3aLUsIIaHFaH
MEJIBXHOP 3JEKTPOABIHBIH JJIEKTPOXUMHSIIBIK KACHET! TY3 KBIIIKBUIBIHBIH CYJIBI €PITIHIICIHIE ajiFall PeT 3epTTeIIl.
AJJIBIH ana KYpri3uIreH 3epTTey HOTHKENIEpl €Ki MEJIbXHOP 3JIEKTPOJbIH aiHbIMaJIbl TOKIIEH IOJIsipU3alysiarasia
OaFpITTAIFaH HETI3T1 YJepicTepiH ic )Ky3iHIe *KYPMEWTIHIIrH KepceTTi. Anaiabl, MEIbXHUOpP 3JIEKTPOABIH TUTAaH
ANIEKTPOJBIMEH >KymnTacThipranna KyiMmasslH MbIc (I), mbic (II), >xone Hukens (II) noHmAapBIH Ty3e, KapKbIHIBI
epuTiHAiri 6aiikanael. OcblFaH opaii, MEIbXHOPABIH AIIEKTPOXUMHUSIIBIK €pYi TUTAH JIEKTPOIBIMEH JKYITaCTHIPBUIBIIT
xkuiniri 50 ['m alHBIMANBI TOKTHI 3JEKTPONN3 pekuMinae Kyprizinmi. Cu-Ni KyiMacsIHBIH epyiHiH TOK OOibIHIIA
IWBIFEIMBEIHA THTaH (20-120 kKA/M?) xome Menbxuop (200-1200 A/M?) 311eKTPOABIHAAFEI TOK THIFBI3ABIFEIHBIH, TY3
KBIIKBUTEL epiTiHgici koHneHTpanusicsiHeH (0,5-5,0 M), snektponm3mie xypy yakeITeiHBIH (0,5-1,75 car.) skoHe
aftHpIMaITel TOK Skuimiriaig (50-300 I'm) ocepnepi xKapacTeipbuiabl. CaBICTEIPY MaKCaThIHAA KYIIMaHBIH AJIEKTPOXH-
MUSUTBIK €pyl TYPaKThl TOK 3JIEKTPOIHN3 PEKUMIHAE A€ KYpri3inai. TypaKTsl TOKIEH MOIApH3alUsIIaHFaH METIbXHUOP
AJIEKTPOABIHBIH MaPIBIMCHI3 €PUTIHIIITT AaHBIKTAJIIbI.

KyiiMaHbIH 3J€KTPOXUMHUSUIBIK €pY KbULAaMJBIFbIHA TUTAH OJJIEKTPOJIBIHJIAFBl TOK THIFBI3ABIFBIHBIH 9CEp
eTETIHIT aHBIKTaNAbl. MEIbXHOp ANIEKTPO/Ibl epyiHiH TOK OOMBIHIIA IIBIFBIMbI TUTAH 3JIEKTPOJIBIHAAFbI TOK THIFBI3-
IbIFBL 60 KA/M?-Ta MaKCHMYM apKbLIbl OTill, OFaphbl TOK THIFBI3ABIFBIHIA €19yip ToMeHekH1i. By Turan GeTinge
20-120 kA/M? TOK THIFBI3IBIFBIHAA TYpIi KypaMOarbl THTaH OKCHIAI KabGaTTaphl TY3ilil, ONApIbIH BEHTHJIBIIK
KacHeTiHiH e3repyi Heri3inne Tycinnaipineni. Cu-Ni KyHMachIHBIH 3JIEKTPOXUMHUSIIBIK €pyiHiH TOK OOMBIHINIA IIBIFbI-
MBI MEJIBXHOP 3JIEKTPOABIHAAFEI TOK THIFBI3IBIFBIH )KOFAPhUIATKAHIAa KOChIMILA PeaKLHsIap KbULIaMIBIFBIHBIH OCYi
dCepiHEeH CHI3BIKTHI TYPJE TOMEHIETEHI OalKaIbl.

Kyiima epyiHiH KBIIIKBUT KOHIIEHTPAIMACHIHA TOYENIUIIrT 3€pTTEINiN, peaknus peTi ecemtenni. JKaimbl MBIC
MOH/ApbI TY3U1yiHiH peakius peti 0.95, Hukens (II) HoHmapeiHbIH TY3U1yiHIH peakius peti 0.85 MoHI KepceTTi.

Tyiiin ce3aep: Menbxuop, Cu-Ni KyiiMachl, alHBIMAIBI TOK, TUTaH 3JIEKTPOJIbI, TY3 KBIIIKBUIBI, JIEKTPOJIN3,
TOK TBHIFBI3/IBIFbI, TOK OOMBIHIIIA IIIBIFBIM.
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JIEKTPOXUMHUYECKOE NNOBEJEHUE MEJIbXHOPOBOI'O JIEKTPOJIA B KUCJION CPEJIE

AHHOTanusi. MenbXHOPOBBIM CIIAB MMEET BBICOKYIO IPOYHOCTH W KOPPO3HOHHYIO CTOHKOCTB, HIMPOKO
UCTIONB3YETCS B IIPOM3BOJCTBE KOHICHCATOPHBIX M TEIIOOOMEHHBIX TPYyO, MEIWIMHCKHX HWHCTPYMEHTOB W
os1ToBOTO 000pynmoBaHus. CruraB Cu-Ni MMeeT MHUPOKHUNA CIIEKTP MPUMEHEHHS, U B CBS3U C YHUKAIBHBIMA MEXaHH-
YECKHMH CBOHCTBAMM OOJIBIIOE 3HAYEHHE MMEIOT MCCIICJOBAHMS, ITOCBAIICHHBIE SJIEKTPOXUMHIECKOMY HOBEICHHIO
Menpxuopa. B maHHO# pa®oTe BHEpBBIE HCCIIENOBAHO 3NMEKTPOXHMMUYECKOE TMOBEICHHE MEIbXHOPOBOTO 3JIEKTPOJa
IIPU TOJAPHU3ALMH EPEMEHHBIM TOKOM IPOMBIIIEHHOH 4acTOTHl B BOJHOM PAacTBOPE COJISTHOW KHUCJIOTHL Pe3yib-
TaThl MPEIBAPUTEIBHOTO HCCIEAOBAHMUS TTOKA3alH, YTO MPH MOISIPU3ALUM JBYX MEJIbXHOPOBBIX 3JIEKTPOJIOB IEpe-
MCHHBIM TOKOM IPAKTUYCCKHU HC IMPOUCXOAAT OCHOBHBLIC HAIPaBJICHHLIC MNPOLICCCHI. O}lHaKO npyu NpUMEHCHHUU
MEJIbXHOPOBOTO IEKTPOZA B IIape ¢ THTAHOBBIM 3JIEKTPOAOM HaOJIIONAIOCh MHTEHCUBHOE PACTBOPEHHE CILIAaBA C
obpazoanueM noHoB meau (1), menu (II) n Hukens (II). B cBs3u ¢ 3THM 3JEKTPOXUMHYECKOE PACTBOPEHHE MEJb-
XHOpa MPOBOAMIN B PEKHME 3JIEKTPOJIM3a MO AeHCTBUEM NepeMeHHOro Toka ¢ yacrtorod 50 ' B mape ¢ TuraHo-
BBIM OJIEKTPOJIOM. PaccMOTPEHO BIMSHHE IUIOTHOCTH TOKa Ha TutaHoBoMm (20-120 kA/M?) M MeIbXMOPOBOM
(200-1200 A/M?) snekTpome, KOHIEHTPALMH pacTBopa consHol kuciorel (0,5-5,0 M), HpoooIKHTENEHOCTH
anektponmsa (0,5-1,75 4.) u gactoTsr mepemerHoro Toka (50-300 I'mr) Ha BBIXO IO TOKY pacTBOpeHUs ciutaBa Cu-Ni.
C menpio cpaBHEHHS 3JIEKTPOXUMUYECKOE PACTBOPEHHE CIUIaBA MPOBOAMIOCH TAKXKE B PEXHMME BIICKTPOJIH3A TIOJ
JIEUCTBUEM MTOCTOSHHOTO TOKAa. Y CTAHOBJIEHO, YTO IPHU NOJSIPU3AINH O] JEHCTBHEM MOCTOSHHOTO TOKa MEIbXHO-
POBBIH JIEKTPOJL PACTBOPSIETCS] HE3HAYUTEINIBHO.

Y CTaHOBIIEHO, YTO INIOTHOCTh TOKA HA TUTAHOBOM BJIEKTPOJIE 3HAYNTEIBHO BIMSIET HA CKOPOCTH IEKTPOXUMHU-
YEeCKOro PacTBOPEHHMsI CIIaBa. BBIX0/1 10 TOKY pacTBOPEHUsI MEIbXHOPOBOTO AIIEKTPOAA MPOXOIUT Yepe3 MaKCUMyM
IIPH IWIOTHOCTHU ToKa 60 KA/M? 1 CyIIECTBEHHO YMEHBIIAETCS TIPH BBICOKOM IIOTHOCTH TOKA Ha TUTAHOBOM 3JIEKTPO-
ne. DTO 0OBACHAETCA TeM, YTO MPM IUIOTHOCTAX TOoka Ha Tutane 20-120 kA/M? 06pa3yroTCs CJIOM OKCHJa TUTaHa
Pa3IMYHOTO COCTaBa M N3MEHSIOTCS MX BEHTHJIbHBIE CBOICTBA.

Wzyuyen mporecc pacTBOpeHHs CIUIaBa B 3aBUCHMOCTH OT KOHLIEHTPALMM KHCJIOTHI M OIpPEAETeH MOpPSIOK
peaknun. OOIMKA MOPSIOK peakyy oOpa3oBaHUsl HOHOB Meau cocTaBmi 0,95 M mopsiok peakuuu oOpa3oBaHUS
noHoB Hukens (I1) 0,85.

KuaroueBsblie ciioBa: menpxuop, ciuiaB Cu-Ni, mepeMeHHBIH TOK, TUTAaHOBBIA AIIEKTPOM, COJSHAs KHCIIOTA,
3JIEKTPOIIN3, BBIXOJ 110 TOKY, INIOTHOCTH TOKA.
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