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STUDY OF ELECTROCHEMICAL PROPERTIES OF COPPER
IN SOLUTION OF SULPHURIC ACID WITH COPPER (II) IONS
AND TITAN THROUGH POTENTIODYNAMIC POLARIZED CURVE

Abstract. The electrochemical properties of copper, titanium in sulfuric acid and their ions in aqueous solution
are investigated in the potentiodynamic mode by the method of polarization curves. Electrochemical properties of
copper and titanium electrodes in a solution of sulfuric acid involving copper (II) ions and titanium with variable
valency by means of potentiodynamic polarization curves. The recovery of copper (II) ions and the regularity of
dissolution of the electrodes are determined. The reduction wave of tetravalent titanium ions in a solution of sulfuric
acid with copper and titanium electrodes is registered for the first time in the polarization program, and it is indicated
that the reduction wave of trivalent titanium ions in the above electrodes is not registered. It is also determined that
when copper (IT) ions are present in the electrolyte composition, the reduction wave of tetravalent titanium ions in
the polarization curve is not registered. It is known that obtaining the main part of copper powders is performed by
electrochemical method [1-12].
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Previous studies have shown that when titanium (IV) ions are present in the composition of the
copper (II) solution with sulfuric acid, the formation of copper powders in the cathode increases in current
and fine metal powders are formed [10, 13-16]. The study of the electrochemical properties of copper,
titanium in a solution of sulfuric acid and their ions in an aqueous solution, in order to understand the
mechanism of these processes is carried out in the Abtolab potentiostat in the potentiodynamic mode using
the polarization curve method.

The main potentiodynamic polarization curves were captured at a 50 mV/s of potential change rate.
The reference electrode is a silver-chloride electrode (E = + 0,203B), and platinum or graphite electrodes
are used as auxiliary electrodes. The values of the potentials was compared to the silver-chloride
clectrode. Before the tests, the electrodes were cleaned with emery-paper to remove the oxide film and
then washed with alcohol, then with distilled water and wiped with paper filter. The thermostat and a
special YaSE-2 electrochemical cell was used to conduct research at constant temperatures.

Literature data [16,17] and the results of our research show passivity of titanium electrode during
anode polarizationin solutions of sulfur and hydrochloric acids, and cathodic polarization curves show that
only hydrogen is released.

Data on the oxidation-reduction reactions of titanium (IV) and titanium (III) ions in the acidic
environment are insignificant in the literature because polarization curves do not show the oxidation and
reduction waves before hydrogen and oxygen release potential of these ions. Some articles mention only
the standard potential value of the reduction of the tetravalent titanium to thrivalent ions [18-22]:

Ti*+e¢ < Ti' E’=-0,05B (1)

Thus, some of the titanium (IV) ions can be reduced by cementing with some negative potential
metals. Such negative potential valued metals are - lead, zinc etc. There is also information in the literature
that these ions are oxidized by hydrogen-contained, carbon-contained and some other metallo-organic
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compounds. However, the reduction of titanium (IV) ions at room temperature is considered to be at low
speeds. As per known methods, trivalent titanium ions are obtained by reduction of tetravalent titanium in
cathode environment for several hours.

Typically, when obtaining copper powder the titanium electrode is used as a cathode, and in the
sulfuric acid solution the cathode potentiodynamic polarization curve of this electrode shows only the
hydrogen ions reducing current (figure 1). The results show that as the sulfuric acid concentration
increases, cathodic potentiodiodynamic curves show a significant reduction in the hydrogen release
current. This phenomenon is associated with the increase in the concentration of hydrogen ions.

-15.000 m -

-10.000 m =

WE(1).Current (A)

-5.0000 m =

0.0000 -

L ] 1 1 1
0 02 0.4 0.6 0.8 -1 -1.2 1.4 -1.6

Potential applied (V)

Figure 1 — The cathode polarization curves recorded in the titanium electrode of the sulfuric acid solution
at V=50mV/s, t=25°C, Hy,SO, g/l: 1-10,2-25,3-50,4-75,5-100

When adding copper (II) ions to the sulfuric acid solution, the polarogram captures its maximum
reduction at the titanium cathode. With the increase in copper (II) ions, the increase in the maximum
current values of reduction is observed (figure 2).

As the concentration of copper (II) ions in the solution grows, it is possible to notice that the hydro-
gen ions discharge voltage drops significantly. This phenomenon can be explained by the fact that in the
copper electrode the hydrogen is released with less volatile than in titanium.
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Figure 2 — Cathode polarization curves registered in titanium electrode at concentrations of various copper (II) ions
in the sulfuric acid solution, V =50 mV/s, t=25 °C, H,S0, - 50 g/L, Cu(Il), g/1.: 1-1,0;2-2,5,3-5,0,4-10,5-15,6-20
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When adding tetravalent titanium ions to the copper (II) in sulfuric acid solution, the reduction
current of the obtained ions are not observed in the polarogram. And in the pure sulfuric acid solution, the
subtly visible reduction wave of the tetravalent titanium ions is recorded in the cathode potentiodynamic
curve (figure 3).
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Figure 3 — Cathodic polarization curve recorded on a titanium electrode in a solution of sulfuric acid containing
titanium (IV) ions IV): 1 - 10 g/l H,SOy; 2 - 10 HySO4 /L+ 10 g/L titanium (IV), V=50 mV/s; t= 25 °C

In the process of electrolysis copper (II) ions are reduced in cathode, then after short time covering
the titanium surface, functions as copper electrode. Therefore, in order to fully understand the mechanism
of reactions occurring in the electrodes during the formation of copper powders, the following studies
were conducted on the copper electrode.

The cathode polarization curves recorded in the copper electrode in the sulfuric acid solution show a
decrease in the voltage of the reduction of hydrogen ions due to the increase in electrolyte acidity (figure 4).
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Figure 4 — Cathode polarization curves recorded from copper electrode in sulfuric acid solution,
V=350mV/s, t=25°C; H,SO,, g/L: 1-50;2-75;3-100

When adding copper (II) ions to the sulfuric acid solution, the cathode reduction maximum rate in the
polarogram is recorded and the maximum value increases with straight linearity regularity due to the
increase in concentration of copper (II) ions (figure 5).
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Figure 5 — Cathode polarization curves of copper electrode in sulfuric acid solutions with different concentrations
of copper (IT) ions, V = 50 mV/s, H,SO, - 50 g/L., CuSO,, g/L: 1-5,0,2 -10; 3-15;,4 - 20

In the above case, the increase in the rate of potential transfer increases the maximum of copper (II)
ions reduction (figure 6). It is assumed that the reduction of copper (II) ions occurs in the diffusion mode.
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Figure 6 — Cathode polarization curves of copper electrodes in sulfuric acid solution with copper (IT) ions,
50 g/L H,SO,4 + 10 g/ CuSO,, V=50 mV/s: 1-25;2-50; 3 -100; 4 - 150; 5 - 200

When adding titanium (IV) ions to sulfuric acid solution with copper (II), the reduction wave of
subsequent ions in the copper electrode is not observed in the polarogram. In the pure sulfuric acid solu-
tion, the reduction wave of the tetra-valent titanium ions is clearly marked on the polarogram (figure 7).

Copper clectrodes are used as copper anodes when copper powders are obtained from the sulfuric
acid copper (II) solution. Therefore, electrochemical properties of copper electrode in sulfuric acid
solution with copper (II) ions were investigated.

Anode, cathode and cyclic polarization curves were recorded for the copper electrode in the sulfuric
acid solution. When polarization begins to grow in the direction of the anode, the maximum current in the
polarogram is registered. On the surface of the electrode copper oxide is formed, passivated and the value
of the current decreases dramatically. Copper potential is further reduced to the right when copper melting
occurs at a very low speed under transpassivation (figure 8), and increase in the rate of the potential
transfer of copper the copper dissipation maximum rate increases (figure 9).
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Figure 7 — Cathode polarization curves recorded for copper electrode in sulfuric acid solution with titanium (IV) ions:
H,S0, —20g/L; titanium (IV) — 30 g/L
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Figure 8 — Anode polarization curves of various copper electrodes in sulfuric acid solutions:
V =50mV/s; t=25°C; H,SO,, g/L: 1-50;2-75;3-100; 4 - 150
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Figure 9 — Copper electrode polarization curves in sulfuric acid solution with different concentrations of the copper (II) ions,
HySO,-50 g/L, V=50mV/s, CuSO, g/L: 1-1,0;,2-25,3-50;,4-75,5-10,0

The presence of copper ions in the sulfuric acid solution and its concentration increase slightly in-
crease the maximum anode value.
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Figure 10 — Anode polarization curves of different potential transfer rates of the copper electrode in the sulfuric acid solution,
H,SO, - 50 g/, V, mV/s: 1 -20; 2 - 50; 3-100; 4 - 150; 5 - 200
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Figure 11 — Potential anodic-cathode (a) and cathodic-anode (b) potentiodynamic polarization curves of copper electrode
in the 50 g/L sulfuric acid solution, V = 50 mV/s; t =25 °C
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Electrochemical properties of copper electrode in sulfuric acid solution were also studied by cyclic
potentiodynamic curves.

When the copper electrode in the sulfuric acid solution is displaced to the potential anode direction,
as it was shown previously, it is melting, followed by an oxidizing film forming, which is then passivated,
and then starting from the 10.0V potential area continues to melt at low velocities under transpassivation.
Oxygen gas release is not observed (up to "plus" 1.5 V). And when the potential is displaced to negative
potentials, the maximum reduction rate of the copper oxide film formed on the surface of the electrode
within the area of 0.0V potentials is registered, and at the "minus" 0.7V potential the hydrogen ion
discharge current is registered on the polarogram (figure 11a).

And in the cathodic-anode cyclic polarogram, the above reactions take place (figure 11b).

We cannot see the oxidation current of the tri-valent titanium ions on titanium and copper electrodes
in anode polarization curves.

Summarizing the above, the electrochemical properties of copper and titanium electrodes in the
sulfuric acid solution in relation with copper (II) and mixed-valence titanium ions were investigated by
potentiodynamic polarization curves. The regularities of copper (II) ions reductions and copper electrodes
melting are determined. The reduction wave of copper and titanium electrodes of the tetravalent titanium
ions in the sulfuric acid solution were recorded for the first time on the polarogram, and the oxidation
waves of the thrivalent titanium ions were not recorded in the above electrodes. We found that when the
electrolyte contains copper (II) ions the reduction wave of tetravalent titanium ions was not registered in
polarization curves.

A. Baemios, /I. A. Agm:kanoBa, Y. A. Agaysammesa, M. XKypbiHos
J. B. CoxoapCKHi aTBIHIAFHI JKAHAPMAH, KATATH3 JKOHE 3ICKTpoxuMust HHCTATYTHI AK, Amvarsl, Kazakcran

MEIC (I) "KOHE THTAH HOHJAPEI BAP KYKIPT KEIIIKELIGI EPITTHICTHAE
MEICTBIH DJIEKTPOXUMHSIBIK KACHETIH NOTEHITHO AUHAMHUKAJIBIK
MOJISIPH3ANMSLILIK KUCBIKTAP TYCIPY APKELIBI 3EPTTEY

AnnoTtamust. KyKipT KbIIIKBIIBI CPITIHAICIHAC MBICTBHIH, THTAHHBIH JKOHE OJIAPJBIH HOHJAPBIHBIH CYJIbI CPIiTIH-
JiTepiHAETi 3MCKTPOXUMILUIBIK KACHETI MOTCHIMOJWHAMUKANBIK PEKUMIC, IOJLIPH3AIFSLIBIK KUCBIKTAp TYCIPY
omiciMeH 3epTTemiHAl. MpIC KOHE THUTAH 3JICKTPOATAPBIHBIH KYKIPT KBIIKBUIBI epiTinaiciHme, mbic (II) xome
ANHBIMAJBI BAJICHTTI THTAH HOHJAPHI KATHICHIHIA 3JICKTPOXUMUSIIBIK KACHETTEP] MOTCHIMO IMHAMHUKAIIBIK MOJIIPH3a-
OUAUTBIK KACBIKTAP TYCIpY apkputsl 3eprrenmi. Meic (II) HOHZAPBIHBIH, TOTHIKCHI3AAHY Bl )KOHE MBIC 3JICKTPOIBIHBIH
€py 3aHABUIBIKTAPBI AHBIKTANABL TOPT BANCHTTI THTAH MOHJAPBIHBIH KYKIPT KBIIKBUIBI CPITIHAICIHAC MBIC YKOHE
THTaH 3JEKTPOATAPBIHIA TOTHIKCHI3AHY TOJIKBIHBI AIFAl PET IOJLIPOTPaMMana TIPKENi, ajl YIO BajJeHTTI THTAaH
HOHTAPBIHBIH, TOTHIFY TOJIKBIHAAPBIHBIH KOFAPhIIA KOPCETLUITEH 3MEKTPOATAPAA TIPKREIMEHTIHAIN KepCeTial. JneK-
Tposmt Kypambiaaa mbic (II) moHmaper 0ap ke3ne TePT BaJCHTTI THTAH HOHIAPBIHBIH TOTBHIKCHI3JAHY TOJKBIHBIHBIH
TOJBIPH3AMUSIIBIK KACHIKTAPAA TIPKSIMCHTIHIITI aHBIKTAIABL. MBIC YHTAKTAPBIHBIH HET13T1 06T 3ICKTPOXHMHUSIIBIK,
TOCLTACPMCH ATBIHATHIHABIFBI Oenrini [1-12].

Tyiiin ce3aep: MbIC, THTAH, NECKTPOATAP, MBIC YHTAKTAPBI, KYKIPT KBIIKBLIBI, JICKTPOJIH3, MOTCHIHOIHHA-
MHKAIIBIK KACBIKTaP.

A. Baemios, /I. A. AOm:kanoBa, Y. A. AdayBammena, M. Kypunos
AO UncTuTyT TOTMBA, KaTanu3a u yekrpoxumuny uM. [, B. Cokombscroro, Amvars, Kazaxcran
HCCIEAOBAHUE JJEKTPOXUMHUYECKOI'O HOBEJAEHWA MEJAHN
B PACTBOPE CEPHOHU KUCJOTHI, COAEPKAIIIUX UOHBI ME/IM (II) U TUTAHA
METOAOM CHATHUA NOTEHHUOJUHAMUYECKHUX MOJIAPUSALIUOHHBIX KPUBBIX
AHHOTAIHS. DICKTPOXUMHIICCKAC CBOMCTBA MEAM, THTAHA B CEPHOH KHCIIOTE M MX HOHOB B BOJHOM PacTBOpE

HCCIICAYCTCA B MOTCHIMOAWNHAMIYHOM PCKAME MECTOJOM MOJAPH3ANHOHHBIX KPHBBIX. JICKTPOXUMHUCCKUC CBOH-
CTBa 3JICKTPOAOB MEIM M THTAHA B PACTBOPE CEPHOM KHUCIOTHI C ydacTueM HOHOB MeaHu (II) u TuTtaHa ¢ mepeMeHHOU
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BAJICHTHOCTBEO IyTEM TOTCHIHOIMHAMIIHBIX MOJSIPH3ANHOHHBIX KPHBBIX. OTpeaessieTCs BOCCTAHOBICHHEC HOHOB
meau (1) 1 3aKOHOMEPHOCTB PACTBOPEHUSA MIEKTPOAOB. BOTHA BOCCTAHOBICHUA HOHOB YETBIPEXBAJICHTHOTO THTAHA
B PACTBOPE CEPHOH KHCIOTHI JMCKTPOAAMH MEIH M THTAHA 3APETUCTPHPOBAHA B MEPBBIM Pa3 B MOIAPONPOTpaMMeE, a
VKa3bIBACTCsI, UTO BOJIHA BOCCTAHOBICHHS HOHOB TPEXBAICHTHOTO THUTAHA B BBHINICYKA3aHHBIX 3JICKTPOJAX HE 3ape-
THCTPUPOBaHA. Taioke ONMPEACNAeTCA, YTO MPH HAMHYMH B COCTaBe JIeKTposuTta HOHOB Meau (II) BomHa BOC-
CTAHOBIICHHUS HOHOB YCTHIPEXBAJCHTHOTO TUTAHA B MOJIPH3AMHOHHOM KPHBOIl HE 3apeTHCTpUpoBaHa. M3BecTHO, UTO
TIOJIy YEHUE OCHOBHOM YACTH MOPOIIKOB MEIH MPOM3BOIUTCS NCKTPOXUMHIICCKAM criocobom [1-12].

KmoueBble c10Ba: Meab, THUTaH, 3JICKTPOAbI, MEIHBIC HMOPOIIKH, CEPHASA KHCJIOTA, 3ICKTPOIU3, HOTCHLHO-
JUHAMIYCCKHC KPUBBIC.
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