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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 (III) ions.
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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 (III) 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.
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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-2e — Cu* 1)

The formed copper (1) 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 ¢lectrode:

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 (II) 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 (II1) 4 g/l and 2 g/l 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(IIl) 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/a?, 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/l, 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(IIl), the stability of the
colloidal copper solution decreases. For example, at the concentration of titanium ions (IIT) 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 ¢lectrolysis, the reactions on the electrode surface
and the anode area occur according to the following scheme:

(+) inthe copper anode —== Cu-2e — Cu*'

l—|

— = Ti¥" — |Cu’+ Ti**

|
(=)  in the cathode — = Ti*" + 2e — T
T

on the surface
of the anode

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 pm. 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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1j:[. B. Coxobckuit ateiHnars! JKanapMali, kaTamus sKoHE BIEKTPOXUMUS HHCTUTYThI, AnmMaTthl, KazakcTaH,
2j:[. Y. MeHpieneeB aThIHAAFH Pecell XUMUS-TEXHOTOTHSUIBIK, YHUBEpCUTETI, Mackey, Peceit

KYKIPT KbIIIIKBLIBI EPITIHAIE JUCTIEPCTI MBIC YHTAKTAPBIHBIH,
AHOJ KEHICTITTH/AE TY3LIVI

AnnoTarus. ¥ ceHBUTHIT oThIpral Makaitafga Ti(1V) < Ti(Ill) kaTamuTukaibIK Kyiieie MbIC 3IeKTPOIbI aHOITHI TOMSIPH-
3aIpsUIaHFaHIa MEeTATIBIH epyi skaHe epireH MbIc (I1) HoHaphIiHAH 6Te MUCTIePCTi YHTAKTHIH TY3UTY1 KapacTHIPBUTIBL DIEKTPOIIH3
TYPaKTH TOK KATHICHIH/IA, KATBIITHI YKaFdabiia, KYKIpT KBIIIKBUTABI OPTajia, SIEKTPoT KEHICTIKTepl GoIiHOereH IIeKTpoIu3epe
KYPrizurai. MbIc 31eKTpo IbIH aHO AT Tonspu3arusiiaranaa Meic (11) monmaps! Ty3uieni. Epitinaire etked Mbic (1) moHmapet cox
corte anoj 6eringe tutan (I11) MoHAApEIMEH apeKeTTecin HaHOPa3MepITi MBIC YHTarbIHA JICHIH TOTHIKCHI3MaHa bl HaTmkecinme
KOIUTOMJTHI MBIC epiTiHficI KanbmTacaasl. ToTeikkaH TuTaH (IV) moHgaphl kaTo/ GarbIThIHA Kapail Juddy3usUIaHbll, YII Ba-
TIEHTTI KY#re JeliiH TOTBIKChI3JaHa bl YTII BAIEHTTI TUTAH HOHAPEI, aHO [Ta TY3UINeH MBICTHIH €Ki BAIeHTTI HOHIaphIH KaiTa Ha-
HOpa3MepIli MeTal YHTarblHa JIeHiH TOTHIKCHI3JAHABIPHIT OTHIPATHIH/IBIFEI KOPCETUIl. DIEKTPOIUT KypaMBbIHAAFEl TUTAH FOH-
JIaphbl HIEKTPOIN3 Ke3iH/le ochUIaiiia o31HIH Y3/IKC13 KaTATUTUKATLIK KEI3METIH aTKapabl. DIEeKTPOITN3 HOTHKECIHIE aHO Ke-
HICTITiHJIe TY3UIMeH KOJUTOMTHI MBIC €pPITIHAICIHIH TYpaKThUIbFe, THTaH (I11) MOHmaphIHBIH KOHIIEHTpaIsIchiHa GallTaHbICTHI
©3TePETIH I AHBIKTAIBL.

Tyiiin ce3mep: MPbIC, YHTAK, TIEKTPOIN3, TUTAH, KAaTATU3aTOP, JIEKTPO/I, KaToI, aHO/,

A. B. Baemosl, A. b. Maxan6eros, V. A. AﬁnyBaJmeBal, A. B. KoecHnkos?

1I/IHCTI/H'yT TOIUIMBA, KaTanusa u snekTpoxumud uM. [1. B. Cokonbckoro, Anmvatsl, Kazaxcras,
*PoccHifckuit XIMIKO-TEXHONOTIUecKIi yrmBepenTeT mM. J[. M. Menseneea, Mocksa, Poccust

POPMHPOBAHUE JTUCTIEPCHOI'O MEJHOI'O ITOPOIIIKA B AHOTHOM ITPOCTPAHCTBE
B PACTBOPE CEPHOU KUCJIOTBI

AnHoTanust. B mpearaeMoit cTaThe paccMOTPEHO PAaCTBOPEHIE METHOTO 3JIEKTPO/Ia IIPU aHO/HOMN ITONSIPU3aIMi MeTallia
B mpucyTcBUM Katanmutuueckolt cucteMsl Ti(IV) < Ti(Ill) u dopmmpoBaHye yIbTpagUCIIEPCHOTO IOPOIIKA, TEePEeamX B
pacTBOp HOHOB Me U (11). DIeKTpoIu3 IIPOBO UM IIPU CTAH/IAPTHBIX YCIOBHAX B CEPHOKUCIION cpejie B BIEKTPONM3Epe ¢ Hepas-
JIeIEHHBIMU IIPOCTPAHCTBAMH C IIPUMEHEHHEM ITOCTOSIHHOTO ToKa. 11py aHO THOM HOISIpU3aIiiy MeJTHBIX IIEKTPOJIOB 00pasyroTes
nonbl Me (11). Tlepememime B pacTBop noHbI Me i (1) Ha MOBEPXHOCTH aHO/ia B3auMo/IeiicTBy s ¢ noHamu ThTaHa (I11) Boccra-
HABJIUBAIOTCS ¢ 00pa30BaHUEM HAaHOPA3MEPHO IIOPOIKa Meau. B pesynbTate QopMuUpyeTcs pacTBOP KOILTOMAHON Memu. OKuc-
JeHHble HoHBI TuTaHa (IV) mud GyH/mpyIoT B HAIIpaBIeHUH KaTo/la ¥ BOCCTAHABIMBAIOTCS JI0 TPEXBAICHTHOTO cOCTOSHUSL. [loka-
38HO, YTO MOHBI TPEXBAIEHTHOIO TUTaHa BOCCTAHABIMBAIOT 00pa3yIOIHecs Ha aHOJE MOHBI JIBYXBaIEHTHOH MeJU JI0 HAHOPa3-
MEPHOTO TIOPOIIKa MeTaa. Takum o6pazoM, IIPH SIEKTPOIIN3€ HOHBI TUTaHa, HaxO/LIIUECs B COCTaBe BIEKTPOIUTA BRICTYIIAIOT
B Ka4uecTBE HEIPEPHIBHON KaTaTUTHUECKOH CUCTEMBL. Y CTaHOBIIEHO, UTO YCTOWUMBOCTD, 00pa30BaHHBIX B aHOIHOM IIPOCTPAHCTRE
IIPH SIEKTPOIIH3E, PACTBOPOB KOJUIOUIHOM MeIU MEHSIETCS B 3aBUCHMOCTH OT KOHIIEHTpaly noHoB Tutana (I11).

KitoueBble ciioBa: Mejib, IIOPOITIOK, SJIEKTPOIIN3, TUTAH, KaTaIU3aTop, SIEKTPOI, KaTo/l, aHOI.
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