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NAS RK s pleased to announce that Bulletin of NAS RK scientific journal has been
accepted for indexing in the Emerging Sources Citation 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 Bulletin
of NAS RK in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential multidiscipline content to our community.

Kasakcman Pecnybnukacbkl ¥nmmabiK fbiibiM akademusicbl "KP YFA XabapwbiCbl” fbiibIMU XKypHa-
nbiHeiH Web of Science-miH xaHanaHraH Hyckacbl Emerging Sources Citation Index-me uHOekcmeryee
KabblindaHraHbiH xabapnaliobl. byn uHOekcmery 6apbicbiHOa Clarivate Analytics KomnaHUsICbi XypHanobl
o0aH opi the Science Citation Index Expanded, the Social Sciences Citation Index xoHe the Arts &
Humanities Citation Index-ke kabbinday mecerneciH Kapacmbipyda. Web of Science sepmmeyuwinep,
asmopnap, bacnawbinap MeH MeKkemesiepee KOHMeHm mepeHdiai MeH canacbiH ycbiHaobl. KP ¥FA
XabapwebicbiHbiH Emerging Sources Citation Index-ke eHyi 6i30iH KoramMOacmbiK YWiH eH e3eKmi oHe
6edendi mynbmuducyunnuHapibl KOHMeHmke adasndbifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4Hbll xypHan «BecmHuk HAH PK» 6b1n npuHsam 0nsi uH0ekcuposaHusi
e Emerging Sources Citation Index, obHoeneHHol sepcuu Web of Science. CodepxxaHue 8 3mom UHOeK-
cuposaHuu Haxodumcsi 8 cmaduu paccmompeHusi komrnaHuel Clarivate Analytics 0ns OanbHelwezo
npuHamus xypHana e the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts
& Humanities Citation Index. Web of Science npednacaem kauyecmeo u 2aiybuHy KOHmMeHma Orns
uccnedoeamenel, asmopos, usdamenel u y4pexdeHul. BknoueHue BecmHuka HAH PK e Emerging
Sources Citation Index demoHCcmpupyem Hawy [pPUBEPXKEHHOCMb K Hauboree akmyarnbHOMY U
enusimesisHoMy MynbmuducyuniuHapHoOMy KOHmeHmy 0515 Hawea2o coobuwecmea.
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FORMATION OF DISPERSE COPPER POWDER
IN ANODIC SPACE IN SULFURIC ACID SOLUTION

Abstract. The proposed article considers the dissolution of a copper electrode in the anodic polarization of a
metal in the presence of a Ti (IV) <> Ti (III) catalyst system and the formation of an ultradisperse powder that have
passed into a solution of copper (II) ions. Electrolysis was carried out under standard conditions in a sulfuric acid
medium in an electrolyser with unshared spaces using DC. During the anodic polarization of copper electrodes
copper ions (II) are formed. The copper (II) ions transferred to solution on the anode surface are reacted with ti-
tanium (III) ions to form a nanosized copper powder. As a result, a solution of colloidal copper is formed. The
oxidized titanium (IV) ions diffuse in the direction of the cathode and are reduced to the trivalent state. It is shown
that the ions of trivalent titanium reduce the ions of divalent copper formed at the anode to a nanoscale metal
powder. Thus, in the course of electrolysis, titanium ions in the electrolyte form act as a continuous catalyst system.
It is established that the stability formed in the anode space during electrolysis of solutions of colloidal copper varies
with the concentration of titanium (IIT) ions.

Key words: copper, powder, electrolysis, titanium, catalyst, electrode, cathode, anode.

In the production of modern techniques copper powder is in great demand [1-5]. Copper powder is
used in the welding technique for the alloy, in the work of special cutting, in the preparation of lubricants.
Dispersed copper powders are used in various branches of technology and industry, in particular, for the
manufacture of products in the electrochemical, automotive industries, as well as for the production of
high-quality plating metallic lubricants with a wear-free effect.

Recently dispersed copper powders of spherical shape are widely used in 3D technology.

Metal powder can be obtained in different ways. They are divided into mechanical, physicochemical,
hydroelectrometallurgical methods and a method of spraying [6—9]. And the process of obtaining nano-
sized copper powder through electrolysis is still poorly understood. Therefore, the study of the influence
of various parameters on the process of obtaining and the formation of copper powder through electrolysis
is of great importance.

According to literature sources, the bulk of copper powder is obtained by electrochemical methods
[10]. All processes of copper powder production are well studied [11-15]. The dimensions of the copper
powder obtained by the known method is 40-100 micrometer. And the problems of obtaining metal
powders of dispersed and nano-size remain open. Various scientific studies are carried out to develop a
rational method for producing ultrafine copper powder. Our early research works prove that the formed
copper powders obtained with the participation of electrolysis with titanium ions (IV) and alternating
currents have smaller sizes [16, 17].
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With the participation of alternating current, copper (II) ions are oxidized in the cathode period to a
metal powder, and in the anode period slightly dissolves and dispersion increases, large parts are ground
and eventually copper powders of 0.1-0.3 um are formed.

The possibility of obtaining ultrafine copper powder in the cathode part using the catalytic system
Ti (IV) < Ti (IIl) indicated in early writings of professor Baeshov A.[18-20]. Our detailed studies have
shown that the copper powders formed during the cathodic oxidation of copper (II) ions at high current
density immediately grow in size after formation. As a result, it became known about the impossibility of
obtaining dispersed copper powder by a known electrochemical method.

In earlier research work indicated the possibility of obtaining dispersed copper powder on the surface
of the copper anode and secured this discovery patent of the Republic of Kazakhstan [20]. In the proposed
work showed the possibility of such processes in a simple electrolysis with indivisible electrode spaces.

Electrolysis is carried out in an electrolyzer of 150 ml, made of Plexiglas. A copper electrode is used
as the anode, and a titanium electrode as the cathode. As part of the electrolyte used sulfuric acid solution
with ions of three and tetravalent titanium. It should be noted that copper ions are absent in the solution.
During electrolysis, the formation of fine copper powder on the surface of the copper anode was observed.
The number of copper powders formed using the current is affected by the current density, the
concentration of titanium (III) ions and sulfuric acid in the electrodes.

During electrolysis, the formation of copper powder occurs by the following mechanism:

The reaction scheme that occurs in the electrodes is shown in figure 1.

A
A
D

(+) WY =)
/1 2
Cu-2e — Cp** ™

+

T« — — —Ti .

l A
YCul + Ti— —

Figure 1 — Schematic diagram of the electrolyzer.
The scheme of reactions occurring in the electrodes and electrolytes:
1 — copper electrode; 2 — titanium electrode

With anodic polarization of the copper electrode, it dissolves while forming its own ions:

Cu - 2¢ — Cu*” (1)

The formed copper (II) ions interacting with titanium (III) ions on the surface of the anode to form
copper powders. As a result, the following chemical reaction occurs on the anode electrode:

Cu®" +2Ti"" — |Cu’ + 2Ti*" )
And Ti (IV) ions formed as a result of reaction (2) diffuse in the direction of the cathode and dissolve

in the cathode to the trivalent state:
2Ti* + 2e — 2Ti*" (3)

The ions Ti (III) formed as a result of the reaction(3) are differentiated in the direction of the anode
and re-interacting with the ions of copper (II) formed in the anode according to the reaction on the anode
area to form a copper powder. These reactions during the electrolysis are repeated by cycle.

— ] —
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In the present article the influence of different parameters on the mechanism of copper powder
formation is studied.

Electrolysis with the composition of sulfuric acid 50g/1 titanium (III) 4 g/l and 2 g/1 titanium (IV) is
carried out and the effect of the current density in the electrodes is studied.

The amount of copper powders formed during electrolysis was determined by the solubility of the
copper anode. Since it became known that copper (II) ions formed in the anode and titanium ions (III)
formed on the electrode surface interacting with each other form a colloidal solution with the content of
fine copper powder.After 60-90 minutes, the stability of this colloidal copper solution decreases and
settles on the bottom of the electrolyzer in the form of an ultrafine powder. According to our calculations,
the constant value of the "red-ox" process occurring during the reaction (2) is ~10'’. This shows that
copper (II) ions formed in the anode and titanium(III) ions included in the solution are fully involved in
the reaction.

This means that copper (II) ions formed in the anode are fully involved in the formation of colloidal
copper powder. As the current density in the electrodes increases to 100 A/m?, it can be assumed that
colloidal copper powder is formed up to 100%.

When the concentration of titanium ions (III) varies in the range of 1-4 g/I, copper ions (II) formed in
the anode through a complete reaction (2) form a solution of colloidal copper powder.

It is observed that with an increase in the concentration of titanium ions(Ill), the stability of the
colloidal copper solution decreases. For example, at the concentration of titanium ions (III) 1 g/l stability
of colloidal copper solution is more than 180 minutes. Only after a certain time, the formed copper
powders of nanosizes interact with each other as nano particles settle to the bottom of the electrolyzer.

With the concentration of sulfuric acid in the range of 50-150 g/l in the formation of colloidal copper
solution and in the volume of the powder, no change was observed.

As a result of the study, it was proved that during electrolysis, the reactions on the electrode surface
and the anode area occur according to the following scheme:

(+) in the copper anode —= Cu-2e — Cu*

l—|

on the surface

of the anode —= T¥" — |Cu® + Ti*
|
(=) in the cathode — = Ti* 4+ 2e — Ti°F
T

At the end of the practice, the particles of the formed copper powders were studied and the shapes
and sizes were determined. With the help of a scanning electron microscope, a snapshot of the copper
powder was taken, magnified up to 50,000 times (figure 2). According to the figures (figure 2 of the
scheme a, b), it can be determined that the particle sizes of the powder are almost the same. Only in some
places small particles together created a large volume. The current size of the resulting copper powder can
be observed in the increased to 50,000 times figure 2 g-image.The particle sizes are almost identical, in the
range of 0.097-0123 pum. It is concluded that these dimensions were formed as a result of the combination
of nanosize powders.

In the result of the study it was determined that with Ti(IV) < Ti(Ill) catalytic system involving
direct current, normal condition, sulfuric acid medium, in electrolysiswithout dividing the surface of the
electrodes on the surface of the anode is obtained copper powder with the nanoscale. That is, based on
specified parameters, from any of the copper electrode with the participation of ions of trivalent titanium,
dissolving the anode in the area of the anode can be obtained colloidal copper solution with nano-sizes
metal and this is demonstrated for the first time. It is also indicated for the first time that in this case
chemical and electrochemical reactions occur simultaneously.

In conclusion, would like to note that the proposed research results based on experiments show the
production of very fine copper powders using a new mechanism on the anode surface or on the anode
area.
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Figure 2 — Microscopic image of copper powders formed on the anode area:
a) increased up to 300 times; b) increased up to 3000 times;
¢) increased up to 10,000 times; d) increased up to 50,000 times
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2J1. Y. MenpieneeB aThIHAAFbI Peceil XHMUS-TeXHOTOTHsIIBIK yHUBEpCHTETI, Mackey, Pecei

KYKIPT KbIIIKBLABI EPITIHAIAE JTMCIEPCTI MBIC YHTAKTAPBIHBIH,
AHOJ] KEHICTITTHJE TY3LIYI

AnHOTamms. Y ChIHBUIBII OThIpran Makanazaa Ti(IV) < Ti(Ill) kartanuTHkaibIK xKyHese MBIC 2JISKTPOIBI aHOATHI MOJISIPH-
3auMsUIaHFaH/la METANBIH epyi xoHe epireH Mbic (II) moHIapbIHAH ©Te AUCIIEPCT] YHTAKTBIH TY3U1yl KapacThIPbULABL. DJNEKTPOIN3
TYPAKThl TOK KaTBICBIH/A, KAJIBIITHI JKaFAaiiia, KYKipT KbILIKBUIABI OPTa/a, JIEKTPO KeHICTIKTepi OeiHOereH anekTponusepae
JKYPri3iani. MbIc 2JeKTpOABIH aHOATH NoJsipu3anusutaranaa Meic (11) mormapser Tysineni. Epitinaire etken meic (II) monmapsr con
corre anop Oerinae TutaH (III) moHmapeIMEH opekeTTecin HaHOpa3MepIi MBIC YHTaFbIHA NICHiIH TOTBHIKCHI3AaHaabl. HoTmkecinae
KOJUIOMATH! MBIC epiTiHaici kKamsinracansl. ToTsiKkan TuTaH (IV) monmapel xaton OarbIThIHA Kapai oy ¢y3usUIaHbII, YII Ba-
JICHTTI KY#re NeiiH TOTBIKChI3aHabl. YIII BaIEHTTI TUTaH HOHJAPHI, aHOATA TY3UITeH MBICTHIH €Ki BAJICHTTI HOHJapBIH KaiTa Ha-
HOpa3Mepili MeTall YHTarblHa JNEeHiH TOTBIKCHI3AAHIBIPBIT OTHIPATHIHIBIFEl KOPCETULAI. DJIEKTPOINT KYpPaMbIHIAaFbl TUTAH HOH-
JIapbl AJIEKTPOJIN3 Ke3iHe OChUIaifia 63iHIH Y3/1iKCi3 KaTATUTUKAIBIK KBI3METIH aTKapabl. DIIEKTPOIN3 HOTHKECIHAC aHOM Ke-
HICTITiHE TY3UIreH KOJUIOMATHI MBIC epiTiHAiCiHiH TypakThuibFbl, THTaH (III) HOHIAPBIHBIH KOHLIEHTpAUMsIChIHA OaiIaHBICTHI
©3repeTiH/IIr aHBIKTAJ/IbI.

TyiiiH ce3/ep: MbIC, YHTAK, SJICKTPOJIH3, TUTaH, KaTalIM3aToP, SJIEKTPOI, KaTO, aHOJ.

A. B. Baemos), A. B. Maxan6etos’, V. A. AﬁuyBaJmeBal, A. B. Kosecuuxon?

II/IHCTI/ITyT TOIUINBA, KaTanu3a u nekrpoxumun uM. Jl. B. Cokomnbckoro, Anmatsl, Kazaxcran,
2PocCHIfCKMI XMMHUKO-TEXHOIOTMIECKHIA yHusepcureT uM. Jl. 1. Menneneesa, Mocksa, Poccust

O®OPMUPOBAHUE JUCITEPCHOI'O MEJHOI'O IOPOLIKA B AHOJHOM INPOCTPAHCTBE
B PACTBOPE CEPHOM KACJIOTHI

AHHoTanms. B npennaraemoii cTaTbe pacCCMOTPEHO PACTBOPEHHE MEIAHOTO MIEKTPOAA MPH aHOTHOH MONIPU3ALUH METallIa
B mpucyrcBun Katamutudeckor cuctembl Ti(IV) < Ti(lll) u ¢popMupoBanne ymabTpaIuCHEpCHOTO MOPOIIKA, MEpPEIeNnX B
pactBop HoHOB Meau (II). DneKkTponau3 MpOoBOIWIN MIPU CTAHAAPTHBIX YCIOBUSX B CEPHOKHUCIION CPElie B MIICKTPOIH3EpE C Hepas-
JIETICHHBIMU TIPOCTPAHCTBAMH C IPUMEHEHHEM ITOCTOSHHOTO TOKa. [Ipy aHOMHO# MOIIpHU3alii MEAHBIX JJIEKTPOIOB 00pa3yloTcs
nonsl Menu (IT). ITepememmue B pactBop nonsl Mexu (II) Ha moBepxHOCTH aHOzA B3auMoeHcTBYsI ¢ noHamu TutaHa (III) Boccra-
HABJIUBAIOTCS ¢ 00pa30BaHUEM HAHOPa3MEPHO IOpOIIKa Menu. B pesynbrare dopmupyercs pacTBop xoiutougHoi menu. Oxwuc-
nenHble noHbl TTana (IV) muddyHanpyoT B HanpaBiIeHUH KaToaa ¥ BOCCTaHABIMBAIOTCS IO TPEXBAIEHTHOTO cocTostHus. [Toka-
3aHO, YTO MOHBI TPEXBAJICHTHOTO THTaHA BOCCTAHABIMBAIOT 00PA3yIOIIMECS HA aHOJE MOHBI IBYyXBAICHTHOH MEIM O HaHOpa3-
MEPHOTO0 MOPOIIKa MeTala. TakuM 00pa3oM, MpH SMEKTPOIIH3e HOHBI TUTaHA, HAXOASIINECS B COCTABE HJIEKTPOJINTA BBICTYIAIOT
B KaUeCTBE HEIPEPHIBHOM KAaTAINTHIECKOH CHCTEMBI. Y CTAHOBJIEHO, YTO YCTOHIMBOCTH, 0OPA30BAHHBIX B AHOJHOM IIPOCTPAHCTBE
[P 3JICKTPOJIN3E, PACTBOPOB KOJUIOMIHON MEIN MEHSETCS B 3aBUCUMOCTHU OT KOHIIEHTpanuu HoHoB TuTaHa (I1I).

KnioueBble cji0Ba: MeJib, IOPOIIOK, 3JI€KTPOJIN3, TUTAH, KAaTaJIN3aTOP, SIEKTPOM, KaTOM, aHOJ.
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