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Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

KasakcmaH Pecrniybriukacbl Ynmmbik fbinibiM  akademusicel "KP ¥FA Xabapnapbl. Xumusi XoHe
mexHorsoausi cepusicbl” fblnbiMU XypHanbiHbiH Web of Science-miH xaHanaHfaH Hyckacel Emerging
Sources Citation Index-me uHOekcmeryee KabblndaHraHbiH xabapralobl. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicel XypHandbl odaH opi the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday moaceneciH
kapacmbipyOda. Webof Science 3epmmeyuwinep, asmopnap, bacnawnbinap MeH MeKkeMmeriepee KOHmMeHm
mepeHOdiai MeH canacbiH ycbiHalbl. KP ¥FA Xabapnapbi. Xumusi XeHe mexHonoaus cepusicbl Emerging
Sources Citation Index-ke eHyi 6i30iH KoFamOacmbIK YWiH eH 63eKmi xoHe 6edendi XUuMusinbIK FblribiMOap
6olbiHWa KoHmMeHmke adarndbifbiMbI30bl 6irndipedi.

HAH PK coobwaem, ymo Hay4HblIl xypHan «Mseecmus HAH PK. Cepusi xumuu u mexHosnoaul» 6blin
npuHsm Ons uHOekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web of Science.
ColepxxaHue 8 amom uUHOeKcupoeaHUU Haxodumcs 8 cmaduu paccmompeHusi komnaHuel Clarivate
Analytics dnss danbHeliwezo npuHamus xypHasa e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem kayecmeo u
enybuHy koHmeHma 0r1s1 uccriedosamernel, asmopos, usdamerned u y4ypexdeHuli. BknoyeHue Vseecmusi
HAH PK e Emerging Sources Citation Index demoHcmpupyem Hawly rpusepxeHHocmb K Hauboree
akmyarnbHOMY U 8/USIMesIbHOMY KOHMEeHMY o XUMU4YecKUM Haykam 011 Hauleeo coobwecmaa.
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PHYSICAL-AND-CHEMICAL FEATURES AND MECHANISM OF
COPPER OXIDE (I) FORMATION IN ALKALINE CHLORIDE
SOLUTIONS

Abstract. The most promising ways to obtain highly dispersed copper oxides are electrochemical methods. This
method of transferring copper into a solution allows finding accurately the formation modes of the required valence
ion and obtaining high chemical purity compounds. The methods of producing copper oxide (I) are based on the
anodic oxidation of metallic copper in an alkaline chloride-containing solution. The main advantage of the
electrochemical method is the possibility of obtaining high quality powder with a smaller particle size not containing
metallic copper and bivalent copper oxide. The results of studying anodic corrosion of copper in weakly alkaline and
acidic chloride solutions show that, depending on the content of chloride ions in the solution and the specified
potential value, there can be formed complex copper chloride compounds that in the process of hydrolysis form
copper oxide (1) powder. The region of thermodynamically stable existing of monovalent copper chloride complexes
at low potential values and pH increases.

In this work there has been for the first time made the calculation and a diagram has been constructed that
allows determining only the most probable pH, pCl~ and the electrode region, in which copper oxide (I) can be
obtained.

Key words: copper oxide (1), complex copper chloride, equilibrium potentials, thermodynamics, diagram of
equilibrium systems.

Summary. To predict the reactions occurring under specific conditions for producing copper oxide
(D, and to establish the regions of preferential existence of a particular phase, we constructed the E —pH
diagram for the Cu — Cu— H,0O system. The concentration of chloride ions is assumed to be 4.25 mol.dm-
3, the activity coefficient is 0.78, the pH varies from 0 to 14, the temperature is 298 K. The work presents a
diagram of the stable existence of the Cu,O and CuCl compounds depending on the solution pH and pCl-.
It shows the equilibrium conditions in the Cu — Cu™— H,O system at pH equal to 13 depending on pCI-.
The potential range at which Cu.O is stable is very limited and its width is within 0.2 V under the
conditions studied for the synthesis of copper oxide (1).

The diagrams calculated by us allow determining only the most probable region of pH, pCl- and the
electrode potential, in which copper oxide (1) can be obtained.

Introduction. Powdered copper oxide (1) is used to prepare solder paste, copper-containing additives
in friction and anti-friction couples and a number of other industries. The most large-scale consumer of
copper oxide (1) has recently become the chemical industry, using this reagent to prepare biocidal paints
that protect the underwater part of ships and structures from fouling by microorganisms [1].

However, copper oxide (I) currently being produced does not fully meet the requirements of
mechanical engineering, electronic and chemical industries in terms of the particle size, chemical
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composition and scale of production. Thus, in manufacturing raw materials for semiconductors of the
electronics industry [2], materials with high anti-wear tribological properties [3-5], antifouling paints,
there is required dispersed nano-sized copper oxide (1) with a high content of the main component. Copper
oxide (I) of nanoscale is almost impossible to be obtained by traditional pyrometallurgical, autoclave and
chemical methods.

Experiment methodology. One of present day methods of obtaining high dispersion oxides of metals
is an electrochemical method. The advantage of this method of preparation is formation of nanoscale
powder particles in the electrode layer. The lack of knowledge of the electrochemical processes occurring
on the electrodes, the mechanism of powder formation, the reasons for the poor performance of the
electrolysis process formed by limited anode current densities impede the industrial development of the
electrochemical method of producing copper oxide (1) by direct current electrolysis. Experimental data on
the destruction of metals in alkaline solutions are given in works [6-9]. In electrolysis using various forms
of current other than direct current, it becomes possible to carry out a number of electrochemical processes
with the best performance. In works [10-17] it was shown that during the electrolysis of copper under the
conditions of non-stationary electrolysis in aqueous electrolytes, its intensive destruction with the
formation of copper oxides was observed.

Discussing results. The results of studying anodic corrosion of copper in weakly alkaline and acidic
chloride solutions show that depending on the content of chloride ions in the solution and the value of the

specified potential, chloride complexes of copper (I) CuClm(m D or CuCl, ions can be formed.
Increase the flow velocity contributes to increasing the limiting anodic current density values. Copper
oxide (1) is formed as a result of the hydrolysis reaction of copper (1) chloride complexes.

The electrochemical method of converting metals into a solution allows finding accurately the ion
formation modes of the required valence and obtaining a compound of high chemical purity for the main
component.

The reactions have the following values of standard potentials (E°):

Cu—2e ©Cu*E°=0.3377 & 0.0007B (1)
Cu—e ©Cu"E°=0.5072 £ 0.0015B (2)

Judging by the values of standard potentials in aqueous solutions that do not contain complexing
ligands, with anodic polarization there is more likely running reaction (1) [3].
In the presence of chloride ions, the picture changes: so for the reaction

Cu + CI"&CUCly, + €, (3)

the E° value is equal to 0.137 B, that is much more negative than the potential of reaction (1) [4].
Besides, in chloride solutions there can be copper oxidation to complex ions in the reaction:

Cu+ mCl- & CuClr_n(m_l)+ e ()

It should be noted that at a high concentration of chloride ions in the solution, the composition of
copper (1) is as follows: CuCl; > and CuCl32, at this there is mainly formed CuCl} 3.

Let us calculate the standard potential according to m=4 (E°CU.CLI3/CU). The dissociation constant

(Kg)CuClZ3 makes 2.510°[3, 4]. The copper electrode equilibrium potential for reaction (2), according
to the Nernst equation is equal to: Cu*/Cu

RT
E :E(()Iu"'/Cu + E lgCICu""

In the solution containing chloride ions and copper in the form of CuClZ3, the standard potential
value makes:
[CuCly 3]

_ 5o
ECUC123/Cu = ECu+/Cu +0.05914IgKg + 0.05914|QW_ (6)
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Then:
0
Ecuciz3/cy = 05072 +0.0591419(2,510 %) = 0.176B . @)

This calculation allows drawing a conclusion that the chloride medium is thermodynamically most
favorable for copper oxidation with the formation of Cu (1) ions at the anode, whereas in solutions that do
not contain a complexing ligand, copper is more likely to dissolve with forming copper (lI) by reaction

D).

The calculation has been performed for the system at 298 K due to the absence of literature and
reference data for the dissociation constants of copper (I) chloride complexes at elevated temperatures.
Since relative changes in potentials do not change with increasing temperatures, the results obtained are
useful in analyzing reactions carried out at temperatures higher than 298 K.

To predict the reactions occurring under specific conditions for the production of copper oxide (I),
and to establish the regions of the predominant existence of a particular phase, we have constructed the E
—pH diagram for the Cu — Cu* — H,O system (Figure 1). The concentration of chloride ions is assumed to
be 4.25 mol.dm™3, the activity coefficient is 0.78, the pH value varies from 0 to 14, the temperature is 298
K. Figure 2 shows the diagram of the stable existence of Cu,O and CuCl compounds depending on the
solution pH and pClI-, and Figure 3 shows the equilibrium conditions in the Cu — Cu* — H.O system at pH
equal to 13 depending on pCl-.

Electrochemical and chemical reactions, as well as such expressions for equilibrium potentials are
given in Table 1. The values of standard potentials and constants are taken on the basis of works [18, 21].

Table 1 — Reactions equations and standard potentials values

No. of reactions equation Equilibrium potentials and pH
Electrochemical reactions
1. 2Cu + H20 &Cu20 + 2H* +2e E=0.471 — 0.0591pH
2. Cu+ H20 &CuO + 2H* +2¢ E=0.569 — 0.0591pH
3. Cu + 2H20 < Cu(OH)2 + 2H* +2e E=0.609 — 0.0591pH
4. Cuz20 + H20 & 2CuO + 2H* +2¢ E=0.669 — 0.0591pH
5. Cu20 + 3H20 > 2 Cu(OH)2 + 2H* +2¢ E=0.747 - 0.0591pH
6. CuoCu*?+ 2e E=0.337 + 0.0295 lgacu*?
7. Cut oCu*2+e E=0.153(ctcu” = acu*?)
8.Cu+ Cl/& CuCl + e E=0.124 — 0.0591 Igacr
9. Cu + 2Cl & CuCl; + ¢ E= 0.189+0.0591lgac,c1; — 0.1182lgacr
10.Cu + 3Cle CuClz2 + e E=0.229+0.0591lgarc, i — 0.1773lgaci
11.Cu +4Cle CuCl®+e E=0.176+0.05911gac, iz — 0.2364lgacr
12.Cu20+2H20+Cl- < CUZ(OH)3C|+H++ZE E:0.451+0.0295pH —0.00295 lgacr
13. 2CuCl + 3H20 & Cuz(OH)sCl + CI- +3H*+2e E=0.785 — 0.0882pH — 0.0295Igac
14. CUCl + 2H20 ©CU(OH)z + CI+ 2H" +e E=0.777 — 0.0591pH — 0.0591lgacr
15. Cu* + H2Oe HCuO3 +3H*+e E=1.733 - 2.232pH
Chemical reactions
16. Cu20+ 2H*+2Cl <2CuCl + H20 pH = 5.66 + lgac
17. 2CUO + H* + CI+ H20 ©Cua(OH)sCl OH = 7.4 + lgacr
18. 2CuCl; + H20< Cu20 + 4CI +H* pH = 4.63 + lgaci— lgacucr-
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Figure 1 - E—pH diagram for the Cu — Cu*— H20 system
Cnacl = 4.25 mol.dm3

T=298 K pH

According to the diagram (Figure 1), the region of thermodynamically stable existence of CuCl
decreases with the values of potential smaller than +0.09 V and with increasing pH. At potentials
corresponding to the region above line (13), dicupritrioxychloride may be formed, and at pH exceeding
6.18 copper (1) chloride may hydrolyze to form copper oxide (1).

It should be noted that at high pH the equilibrium potential of reaction () is more negative than the
potential of the copper oxidation to copper (1) chloride and is comparable with the potential for the

formation of complex copper ions: CuClE,CuClgz, CuClZ3 (reactions 9, 10, I1). Therefore, during
electrochemical oxidation of copper in the test solution with pH =13 and with E lower than 0.09 V, the
formation of a solid CuCl phase on the anode is thermodynamically unlikely.

Attention is drawn to the wide range of pH values and at the same time a narrow range of potential
values at which the existence of copper oxide (1) is likely. At potentials above lines (1-5), copper oxide (I)
is oxidized to copper (I1) oxide and copper (I1) hydroxide.

Straight line 16 (Figure 2) is the hydrolysis equilibrium line (according to equation (16). Below line
(16) copper chloride is stable above, its hydrolysis occurs with the formation of copper oxide (1). [22]

The regions of stable existence of metallic copper, copper (I) chloride and copper oxide (I) at pH 13,
depending on pCl- are presented in Figure 3. Straight lines 1, 8 and 16, corresponding to the above
equations, are the lines of the equilibrium state of the systems. In region 1 the metallic phase is stable. In
region Il chloride copper compounds are stable that can hydrolyze to form Cu,O at pCl- that is higher than
6, 18. In region 111 Cu.O is stable.

The range of potentials at which CuO is stable is very limited and its width is within 0.2 - x V under
the conditions studied for the synthesis of copper oxide (I).

16

CuCl Cu,0

2

Ll B BT Y - Y

Figure 2 — Diagram of the CuCl- Cu20 system equilibrium
— 78 ——
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Figure 3 — Diagram of the Cu — CuCl- Cu20 system equilibrium (pH = 13)

Conclusions. Thus, the diagrams calculated by us allow determining only the most probable region of
pH, pCl-and the electrode potential, in which it is possible to obtain copper oxide (I).

M. M. Jlocnaes!, A.Baemor?, M.O. I’xuakudaesa °,
A.C. Kymakanosa?, I.M.Jocnaes’, K.C. Kakenos*, I'.A.Ecen6aena*
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CUITII XUIOPUATI EPITIHAIVIEPJAE MBIC OKCHUAIHIH (I) TY3LIY
MEXAHM3MI MEH ®U3UKA-XUMMUAJIBIK EPEKIHEJIKTEPI

AHHOTanMsi. MBICTBIH >KOFaphbl IUCNIEPCTI OKCHITEPIH Iy IbIH €H THIMI TOCUIIEPI DIICKTPOXUMUSIIBIK d/IiCTED
Ooutbln TaObLIABI. MBIC EPITIHJICIHE ayBICTHIPYABIH KOPCETUITSH 9JIiCi TaNam eTiIeTiH BAIEHTTLUIIK HOHBIHBIH TY31Ty
POKUMIH a0 TabyFa JKOHE >OFapbl XMMUSUIBIK Ta3albIKThl KOCBLIBICTAPIbI ajlyFa MYMKIiHIIK Oepeai. Mbic
okcunin(l) amy omicTepi cinTiMi XJIOPABI ePITIHOIAE METaUl MBICTBIH aHOATHl TOTHIFYBIHA HETi3[eNe]Ii.
DNEeKTPOXUMUSIIBIK OMICTIH HETi3Ti apTHIKIIBUIBIFEI METAJT MBICH JKOHE €Ki BaJeHTTI MBIC OKCHII YKOK
OeNIIeKTepiHiH MOMIepi a3, KOFaphl calaibl YHTAaKTHI aly MYMKIHIITI OOJBIN TaOBIIamel. OJCI3 CINTUT KOHE
KBIIIKBUT XJIOPUATI epIiTiHIUIEepaeri MBICTBIH aHOITHl KOPPO3HSCHIH 3epTTEY HOTHXKENepi epiTiHIimeri XJIopumi-
HOHJAPABIH KYpaMbIHA JKOHE OCpUICTIH oJeyeTTiH KelieMiHe OaiIaHBICTHI THAPONN3 MporeciHae MbIC TOTHIFBI (1)
YHTaFbIH KaJIbINTACTBIPAThIH MBICTBIH XJIOPHATI KelleHJepi naiaa 0osybl MYMKIH eKeHiH kepceTti. bip BaneHTTI
MBICTBIH XJIOPUJITI KEIISHIEPiHIH TEPMOIMHAMHKAJIBIK TYPAKThl OMIp CYpy aliMarbl QJISyeTTiH a3 MoHepi koHe pH
ocyl Ke3iH1e KbICKapasbl.

byn xympicta OipiHmi per ecentey Kyprizingi »xoHe Mbic okcuiiH (I) amy MyMmKiH OONATBIH 3JEKTPO.I
notennuaibiH Tipek ce3mep: mbic TOThIFbI (1), MBICTBIH XJIOPUATIK KOMILICKCTEp, TEME-TCHIK MOTCHIIMATAAP,
TEPMOJIMHAMHUKA, TETIE-TeH K KYPhUIBIMAAP THArPaMMAaChI

biH PH, pCl— bIKTHMAaIN aliMaFbiH FaHa aHBIKTayFa MYMKIHAIK OSpeTiH quarpaMmma sKacalijibl.

VK 541.13:546.19
M. M. Jlocnaes’, A.baemos?, M.O. J:xnikuoaesa 2,
A.C. Kymakanosa?, I.M.Jocnaes’, K.C. Kakenos*, I'.A.Ecenfaena*

Xumuko-merannyprudeckuii uHcTHTYT uM. JK. A6umena, Kaparanna, Kazaxcran,
2 IHCTHTYT TOIUIHBA, KaTanu3a u snekTpoxumun uM. J.B.Cokonbckoro, Anmartsl, Kazaxcran,
3KaparaH)1nHCKm>'1 rocyapCcTBEHHBIN TexHuYeckuil yausepcuret, Kaparanga, Kazaxcran,
“KaparanauHckuil skoHomuueckuil yausepcuter Kasnorpebeorosa, Kaparanaa, Kazaxcran

OU3UKO-XUMHNYECKHUE OCOBEHHOCTHU 1 MEXAHN3M OBPA30BAHUA OKCUJA MEJU (I)
B IEJTOYHBIX XJIOPUIHBIX PACTBOPAX

AHHOTAIHS. Hawubonee NEPCIICKTUBHBIMU crocobamu MOJYy4YCHUSA BBICOKOJAUCIICPCHBIX OKCUAOB MEAU
SABJIAKOTCA JJICKTPOXUMUYCCKUE METOAbI. VYKka3aHHBIA METOA HNepeBoJia B pacTBOP MEAM MO3BOJIACT JOCTATOYHO
TOYHO HAWTH PEIKUMBI O6pa3OBaHI/I${ HOHa Tpe6yeM01>'1 BAJICHTHOCTH U NOJYYUTb COCAUHCHUS BBICOKOM XUMHUYECKOM
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yucToThl. Meroasl momydenust okcuzpa meau(l) 06asupyloTcs Ha aHOAHOM OKHCJIEHHHM METAUIMYeCKOW Menu B
LIEJIOYHOM XJIOpUAcoepKaieM pacTBope. OCHOBHBIM NPEHMYIIECTBOM 3JIEKTPOXUMHYECKOTO METOAA SIBISIETCS
BO3MOXKHOCTh TIOJIy4€HHs TIIOpPOIIKAa BBICOKOTO KauecTBa C MEHBIIUM pa3MEpOM 4YacTUIl, HE COJEpIKalluX
METAUTMYECKYI0 MEIb M OKCHJ JIByXBaJICHTHOH Menu. Pe3ynbTaTbl McciaeqoBaHMH aHOJHON KOPPO3MHM MEIH B
C1a0OIIENIOYHBIX U KUCIIBIX XJIOPUIHBIX pacTBOpax MOKAa3ald, YTO B 3aBUCUMOCTH OT COAEPIKaHUS XJIOPUA-HOHOB B
pacTBope M BEIWYMHEI 33JaBaeMOr0 MOTEHINAIa MOTYT 00pPa30BBIBAThCS XJIOPHIHBIC KOMIUIEKCH MEIH, KOTOPHIC B
mporecce rumponnza (popmupyioT mopomok okcuma Memu (I). OOmacTe TepMOAWHAMHYECKH YCTOWYHBOTO
CYIIECTBOBAHUS XJOPHIHBIX KOMIUICKCOB OJHOBAJICHTHOW MEIW IPH MaJbIX 3HAUYCHMSAX INOTeHIMana u pocre pH
COKpaIaeTcs.

B nanHOW pabore BIepBble NMPOW3BENCH pacyeT M MOCTPOCHA JHArpaMMa, KOTopas IO3BOJISET ONPEIEIHTh
TOJIbKO Hambonee BeposTHyIo 061acts pH, pCl™ 1 noTeHnnana anekrpoaa, B KOTOPOH BO3MOXKHO MOTYYCHHUE OKCHAA
menu (I).

KatoueBble caoBa: oxcun wmenu (1), XJopuaHble KOMIUIEKCHI MEIH, paBHOBECHBIE MOTECHIUAJbI,
TEPMOJUHAMMKA. TUarpaMma paBHOBECHBIX CUCTEM.
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