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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences 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 News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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COPPER POWDERS FORMATION IN THE CATHODIC
AND ANODIC HALF-PERIODS
WITH INDUSTRIAL ALTERNATING CURRENT

Abstract. For the first time, an installation was created for producing copper powders in the anodic and
cathodic half-periods of industrial alternating current with a frequency of 50 Hz. This device consists of two elec-
trolytic cells interconnected in parallel, in each electrolyzer there are two copper electrodes. Two diodes are also
included in the electrochemical circuit to allow current flowing in opposite directions. The influence of electrodes
current density, sulfuric acid concentration, copper ions, on current output of copper powder formation in each cell
was investigated. It was established that the current output increases within the current density from 2000-8000 A/m?
and decreases with further increase of this parameter. When sulfuric acid concentration was 100 g/l and copper ions
concentration was 15 g/l, the maximum current output of powder in electrolyzes was 50.1-53.3%, and the total
current output exceeded 100%.

Using a JSM-661 LV scanning electron microscope, the shape and size of obtained powders were investigated.
On the basis of the conducted studies and captured oscillograms, the mechanism for copper powders formation in the
anodic and cathodic half-cycles of alternating current was established. For the first time it was shown that the
proposed installation allows to obtain copper powders in two half periods of alternating current. It was established
that at the same time ultrafine metal powders with particle sizes of 1.0-1.5 microns had been formed.

Keywords: alternating current, copper powders, titanium, diode, electrode, electrolyte, cathode and anodic half-
periods, oscillogram.

Electrochemical reactions mechanism, which usually occurs in the electrodes, is very complex.
Electrochemical reactions course depends on an electrolyte composition and its temperature, current den-
sity in the electrode and their nature, hydrodynamic conditions in the electrolyte and other parameters [1].
For example, when the concentration of copper (II) ions is high and the current density at the cathode is
not higher than one electrode surface, a layer of copper is formed. It is known that at a low concentration
of metal ions, and a high surface density of the cathode (i.e., in case of exceeding the limiting current
densities), copper (II) ions are restored and precipitate to form small powder particles [2].

In recent years, many scientific studies have been carried out to obtain ultrafine and nano-sized
copper powders [3-15].

With polarization using unsteady current, the nature and nature of the reactions that take place on the
cathode surface cannot be fully determined. Our previous studies have shown the possibility of obtaining
various metal compounds with polarization by industrial alternating current with a frequency of 50 Hz,
and also demonstrated the ability to manufacture dispersed copper powders [16, 17]. In our earlier studies,
a pair of titanium electrode with a small surface area and a large-area copper electrode was collected for
the first time, and the possibility of producing ultrafine copper powders in sulfuric acid copper (II)
solution with polarization using industrial alternating current was shown for the first time. In this case, in
each cathode half-cycle of alternating current, copper ions can be restored on the surface of the titanium
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electrode polarized at high current densities, and as a result copper powders are formed. At that moment,
when a copper electrode with a larger area is in the anodic half-period, copper (II) ions dissolve. When the
titanium electrode is under alternating current in the anode half-period, its surface is a film of titanium
oxide (TixO,), which has semiconductor properties, which prevents the passage of electric current in this
direction. These processes are periodically repeated on the surface of the electrodes with a frequency of
50 Hz.

Experiments and process mechanism. In the proposed research work, many scientific ideas were
filtered out and a special facility was assembled for the first time. The possibility of obtaining copper
powder in its cathode and in the anodic half-periods during the polarization of industrial alternating
current using this device is considered. A schematic diagram of this setup is shown in figure 1 below.
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Figure 1 — Schematic circuit diagram of the installation for obtaining copper powder in its two periods
by polarization of alternating current: 1 — first electrolyzer, 2 — second electrolyzer, 3 — laboratory transformer,
4 — diodes, 5 — amperometer, 6 — electrolyte, 7 — copper electrodes, 8 — oscillograph, 9 — key

This installation is a combination of two electrolyzers parallel to each other (1.2) from laboratory
transformer (3), which allows regulating the alternating voltage (power) of two diodes (4) of the brand KD
213 A, placed in the opposite direction from each the other in the electrical circuit, and an ammeter (5)
indicating the amount of current passing through the circuit. Sulfuric copper (II) electrolyte (6) is poured
into each electrolyzer and two copper electrodes (7) are installed.

A known amount of alternating current, issued by the laboratory transformer, is divided equally into
two electrolysers, which are installed parallel to each other. In general, the alternating current passing
through an electrochemical circuit is transmitted 50 times per second in one direction and the same
amount, therefore, in the opposite direction. Since the diodes connected to the circuit are connected to
each other, the alternating current passes through the first electrolyzer in its half-period, and through the
second electrolyzer in its half period.

An oscillogram of currents passing through two electrolysers was recorded during the polarization of
alternating currents. The oscillogram of currents passing through each electrolysis circuit shows the
passage of a pulsed current using electrodes (figure 2). Therefore, the electrodes are polarized in turn by
anodic and cathodic pulsed currents.

As shown in Figure 1, if in the first electrolyzer on the right side in one half period the copper
electrode serves as a cathode, then in the second half period in the second electrolyzer the copper electrode
located on the left side is considered to be a cathode, as a result copper reduction proceeds on them:

Cu’" +2e — Cu’. (1)
Since the current density in the cathodes is higher than the limiting current density, copper (II) ions
are oxidized to form copper powders.

The electrolysis was carried out using the above installation. The main goal is to obtain copper
powders in cathodic and anodic half periods by polarization with alternating current.

— 74 ——
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i =600 A/m* H,S0, — 100 g/I; Cu (IT) — 15 g/I; t = 25 °C

Figure 2 — Oscillogram of the amplitude of the current passing through each circuit of the electrolyzer
when polarized with alternating current

Two electrolysis are filled with copper (II) solution with dilute sulfuric acid, their concentration:
H,S0, — 100 g/1, Cu (II) — 15 g/l. Copper electrodes area are the same (13.68 cm?). Our preliminary stu-
dies have shown that copper powders are formed in both electrolysers. In our first study, we investigated
the effect of current density (2000-12000 A/m?) on the formation of copper powder on a copper electrode.
The current output during the formation of copper powders in each electrolyzer was calculated for the
cathode half-period with alternating current.

As a rule, copper powder should be formed of the same size in both electrolyzers, however, due to
errors in the distances between the electrodes in each cell and the inability to reproduce the ideal electrode
areas, the experimental results show that small deviations are observed.

Experimental procedure. The research results showed that while current density increasing on the
electrodes to a value of 8000 A/m?, the current efficiency during copper powder formation increases, but a
subsequent increase in the values leads to a decline (figure 3). The decrease in current efficiency during
copper powders formation at high densities can be explained by the reaction of additional evolution of
gaseous hydrogen. For example, when electrodes current density is 2000 A/m?, the current efficiency of
copper powders formed in the first electrolyzer is 38.0%, in the second — 40.1%, and thus the amount of
metal powders deposited in two electrolyzers can be considered about the same, as it should be. While the
current density in both electrolyzers was 8000 A/m’ the current efficiency of the powders in the
electrolyzer was 50.1 and 52.3%, respectively.

Co, %
1104
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301 f"f

1] 2000 4000 s000 8000 10000 12000 l,kAJ‘lmi

H,S04— 100 g/1; Cu (IT) — 15 g/1; t =30 min; t =25 °C

Figure 3 — The effect of current density on copper electrodes polarized with alternating current
on the current output during copper powders formation: 1 — first electrolyzer; 2 — second electrolyzer; 3 — in two electrolyzers
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If you pay attention, the total current efficiency of copper powders formed in two electrolyzers

exceeds 100%. This phenomenon can be explained by the reaction of chemical disproportionation:
2Cu" — Cu’ + Cu*". )

Our previous studies [18] showed that the potential fluctuation of copper electrode leads to the
formation of copper powders based on reaction 2.

At the proposed facility, we investigated the effect of sulfuric acid concentration in the electrolyte
within the range of 25-200 g/l on copper powders formation. When increasing the amount of sulfuric acid
in the electrolyte to 100 g/, the current efficiency of the formed copper powders increases slightly, and
then this indicator decreases (figure 4). Current efficiency increasing can be explained by an increase in
the conductivity of the electrolyte current, and a decrease due to the re-dissolution of the precipitated
copper powders and a decrease in the high voltage of hydrogen ions, which can be explained by an
increase in the release of gas.

CO, %
l.
110
- - t-
8ot - &
60T ‘_/‘- . 3
0+ ~
-
40 A -
- ‘ - 3
30 : 1
J [H2504], g/l
0 2% 50 75 100 125 150

i=28000 A/m?, [Cu*"]—15 g/l; T =30 min; t =25 °C

Figure 4 — The influence of sulfuric acid concentration on current output of copper powders formation during polarization
with alternating current: 1 — first electrolyzer; 2 — second electrolyzer; 3 — in two electrolyzers
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i = 8000 A/m?; ic, = 150 A/m%; H,SO, — 100 g/I; [Cu**]— 15 g/l; t =25 °C

Figure 5 — The influence of electrolysis duration on current output of copper powders formation during polarization
with alternating current: 1 — first electrolyzer; 2 — second electrolyzer; 3 — in two electrolyzers
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It should be noted when sulfuric acid concentration in the solution was 100 g/l, the current efficiency
in the first electrolysis was 49.1%, in the second — 52.3%, while the total value of copper powders current
efficiency in both electrolyzers amounted to 100.4%.

The effect of electrolysis duration on copper powders formation was investigated. The results of the
study showed that copper powders deposition up to 0.5 hours increased the current efficiency, however, a
further increase leads to deterioration (figure 5). Current efficiency decreasing is associated with a
decrease in the concentration of copper (II) ions in the electrolyte and gaseous hydrogen proportion
increasing.

Conclusions. To determine the shape and size of copper powders formed during electrolysis, pho-
tographs were taken of them on the latest version of a JSM-6610 LV scanning electron microscope
(figure 6). During the course of electrolysis and a current density of 4000 A/m” metal powders with a
circular shape of 1-1.5 um were found, while at higher densities, the formation of grouped together
ultrafine copper powders, such as dendrites of ~ 1 pum size, was found.

SElI  20kV WD12mm S§520 x10,000 1pm SEl  20kV WD12mm SS20 ) S5pum
Sample 9179 23 Oct 2018 Sample 9180 23 Oct 2018

Figure 6 — Micrographs of electron microscopy of copper powder precipitated during electrolysis

Thus, for the first time, it was shown that it is possible to obtain copper powders with a high current
output on the anodic and cathodic half-periods at an industrial alternating current with a frequency of 50
Hz on a special device recommended by us. In this case, copper powders formation with a dispersed
particle size in the region of 1-1.5 um was established.

O. Baemos, A. C. Kazmpﬁaesal,
A. K. Baemosa’, YO. I1. 3aiixos®
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OHAIPICTIK AVHBIMAJIBI TOKTBIH AHOJATBIK ’KOHE KATOJITBIK
KAPTBUUIAU NEPUOATAPBIHJIA MBIC YHTAKTAPBIHBIH TY3LJIYI

AHHOTanms1. AJIFall peT MbIC YHTaKTapbIH >xuiiri 50 I'i-ke TeH alfHbIMaiIbl TOKTHIH aHOATHIK JKOHE KaTOATHIK
JKapThUIAl MepHoaTaphIHIa allyFa apHaIFaH KOHIBIPFBI xkacanabl. KoHIbIprsl Oip-OipiMeH mapaiiens Typae xaj-
FaHFaH €Ki JJEKTPONU3EPACH KYpalFaH, opOip AIEeKTpOoIH3epAe eKi-eKiZIeH MBIC AJIEKTPOATAPHl OPHAIACTHIPHUIFaH.
CoHBIMEH KaTap 3JCKTPOXUMHSIBIK Ti30€KKe €Ki AMOA KOCBUIFaH, OJlap TOKTHIH Kapama-Kapchl OarbITTa XKYpyiH
KaMTaMachI3 eTelli. Opoip 3JIEKTPOIM3epe TY3IICTiH MBIC YHTAKTApPBIHBIH TOK OOWBIHINA IIBIFEIMBIHA TOK TBHIFBI3-
JBIFBIHBIH, KYKIPT KBIIIKBUIBIHBIH JKOHE MBIC HOHIAPBIHBIH KOHIIEHTPALMACHIHBIH ocepi 3epTTeninai. Tok OoiibiHIIa
LIBIFBIM TOK THIFBI3ABIFBIHBIH 2000—8000 A/M* apanbiFbiHIa apTATEIHbI JKOHE OYJI HApaMeTpP/iH apbl Kapail JKOFapbl-
JayblHAA a3asAThIHBl KepceTinml. KyKipT KbIIKBUIBIHBIH KOHIEHTpauusacsl 100 r/ia-re jkoHe MbIC HMOHIAPBIHBIH
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KOHLIGHTPALMACH 15 T/71 KyparaH/a, SJIEeKTPoJIM3epieple TY3UIeTiH YHTaKThIH MaKCUMaJIIbl TOK OOMBIHINA [IBIFHIMEI
50,1-53,3%, ai xaimsl ToK OofibiHIIa mbFEIM 100%-TeH acaabl.

JSM-661LV mapkanbl CKaHHPIIEYIIi 3JIEKTPOHIBIK MHKPOCKONTHIH KOMETIMEH albIHFaH YHTAKTapAblH (op-
Maliapbl KoHe pa3mepiiepi aHbIKTayAbl. JKypri3iireH 3eprreyiep jkoHe TYCIPUINeH OCLHUIOrpamMMaap Heri3iHiue
AffHBIMAJBI TOKTBIH aHOITHIK JKOHE KaTOATHIK KapThUIai IEepHOATapbIHIA MBIC YHTAKTapbIHBIH TY3LTy MEXaHH3Mi
QHBIKTaJ/Bl. AJFall PeT YChIHBUIFaH KOHIBIPFbIa MBIC YHTAFbIH aifHBIMAJIbl TOKTBIH €Ki )KapThUIald IepHoATaphIHIa
aiy MyMKiHziri kepcerinai. byn ke3ne 6emnmiex pazmepinepi 1,0—-1,5 MKM KypalWTbhIH METaJUl YHTaKTapbIHBIH TY31j1e-
TiHI aHBIKTAJIIBI.

TyiiiH ce3aep: aliHbIMaNbI TOK, MBIC YHTAKTaphbl, TUTAH, AUOJ, SJEKTPOJ, FIEKTPOINUT, AHOATHIK KOHE KaToJ-
TBIK JKapThUIai EPHOATAD, OCLHIOIPaMMA.

A. Baemog', A. C. Kaxnp6aesa',
A. K. Baemonaz, 0. 1. Baiikos®

"MuctuTyT TonNmMBa, Karanusa u snekrpoxumun um. JI. B. Coxonbckoro, Anmarsl, Kazaxcran,
’Ka3axcKuii HAMOHATBHBIH yHHEBepcHTET M. anb-Dapabu, Anmmatsl, Kasaxcras,
Y panbeknii denepatbHbIil yHHuBepcureT, Exatepunbypr, Poccus

O®OPMUPOBAHUE MOPOIIKOB MEJIN B AHOJHOM U KATOJHOM ITOJYIIEPUOJAX
HNPOMBIIIJIEHHOI'O HEPEMEHHOI'O TOKA

AnHoTanusi. BriepBbie co3aHa yCTaHOBKA JUIS TIOJIyYEHHUs TOPOIIKOB MEJIU B aHOJHOM M KaTOJHOM IIOJTyTIe-
pHOJaxX MPOMBIIIICHHOTO MEepeMeHHOro Toka ¢ wactoroi 50 ['m. YcraHOBKa COCTOMT W3 IIBYX JIIEKTPOJIH3EPOB,
COEAMHEHHBIX MEXIy 000l mapauiesibHO, B K&KIOM IICKTPOIHN3EPE PACIIONOKEHBI 10 IBa MEIHBIX JIeKTpoja. B
IIEKTPOXMMHYECKYIO IIETIb TaK)Ke BKIFOUCHBI JIBA AN0Ja, 00ECTIEUHNBAIONINE MPOTEKAHNE TOKA B IPOTHBOIIOJIOKHBIX
HampasieHusX. ViccienoBaHO BIMSIHUE IUIOTHOCTH TOKAa Ha JJIEKTPOJAX, KOHIEHTPAIMU CEPHOW KHCIOTHI, HOHOB
MEJIH, Ha BBIXOJ 110 TOKY 00pa30BaHMs MOPOIIKA MEAH B KQKIOM 3JIEKTPOIU3EpE. Y CTAHOBIIEHO, YTO BBIXO[ 110 TOKY
YBEJIMYMBACTCS B Ipeaenax MmioTHocTH Toka ot 2000-8000 AM u YMEHBIIAeTCs NP AATBHEUIIEM MOBBIIICHUN
JIlaHHOTO TapaMerpa. [Ipu KoHIEHTpauuu cepHOW KUCHOTHI, paBHoW 100 I/1 M KOHUEHTpAlMKU MOHOB Meau 15 1/,
MaKCHUMaJIbHBIN BBIXOJ] II0 TOKY 00pa30BaHus MOPOIIKA B 3JeKTpoau3epax coctasisieT 50,1-53,3%, a oOmuil BeIxo
o Toky npessimaer 100%.

C moMouIpI0 CKaHUPYIOUIETro AIEKTPOHHOTO MUKpockona Mapku JSM-661LV uccnenoBansl Gpopma 1 pazmepsl
MOJYYEHHBIX IOPOIIKOB. Ha OCHOBaHMM TPOBEIEHHBIX HCCIENOBAaHMH M CHSATBHIX OCLHMJUIOTPAMM YCTaHOBJIECH
MEXaHHM3M 00pa30BaHMsI MOPOIIKOB MEIM B aHOJHOM M KaTOJHOM ITOJyIEpHO/axX IEepEeMEHHOro Toka. BriepBeie
MIOKa3aHO, YTO NPEIOKEHHAS! YCTAHOBKA MO3BOJISIET MOIYYUTH MOPOIIKHA MEIH B IBYX ITOJIYTIEPHOAAX MIEPEMEHHOTO
TOKa. YCTaHOBIJICHO, YTO HPH 3TOM (HOPMUPYIOTCS YIbTPAIMCIEPCHBIE MOPOIIKK METajla ¢ pa3MepaMH YacTHIl
1,0-1,5 MkMm.

KaroueBble c10Ba: nepeMeHHbII TOK, HIOPOLIKH MEAN, TUTAH, U0, IEKTPOI, JIEKTPOINUT, AaHOAHBIA 1 KaTO-
HBII [TOJTyEPHO/Ibl, OCIMIIIIOrPAMMA.
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