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PATTERNS OF FORMATION OF DISPERSED COPPER POWDERS IN
THE BODY OF ELECTROLYTE DURING THE USE OF COPPER ANODE
IN SULFURIC ACID SOLUTION ALONG WITH TITANIUM (1IV) IONS

Abstract. For the first time it was shown that when a copper-titanium pair of electrodes is polarized in a
solution of sulfuric acid with titanium (I'V) ions, copper powders are formed between the holes of the electrodes.

The mechanism of formation of copper powders during electrolysis is investigated. It was shown that during the
polarization of copper and titanium electrodes in a solution of sulfuric acid with Ti (IV) ions, copper anodes dissolve,
forming copper (II) ions, and in the cathode titanium (IV) ions are oxidized to the tri-valent state. At this time, the
color of the electrolyte at the cathode is purple, and at the anode it turns blue. It was established that the formed
copper (II) and Ti (IIT) ions are found in the main gap of the electrodes, as a result of which nano-scale copper
powders are formed.

It was shown that the resulting tetra-valent titanium ions in the cathode are again oxidized to the tri-valent state,
interacting with copper (II) ions. Copper powders form again between the electrodes, and these processes are
repeated cyclically. It was shown that during the electrolysis between the electrodes colloidal copper powders are
first formed, and then they are combined and are precipitated.
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Introduction. Dispersed copper powders have a special property. Therefore, copper powders are used
in various fields of production. Electrochemical methods have been widely used in the preparation of
copper powders. The patterns of the formation of copper powders during cathodic polarization have been
studied in detail [1-18].

In our previous research, we were the first in the world to show that when electrolysis is performed
using copper clectrodes in a solution of sulfuric acid with four-valent titanium ions, copper powders are
formed between the electrodes and the discovery was protected by the patent of the Republic of
Kazakhstan [17].

This article describes the impact of current density, sulfuric acid in solution, concentrations of
titanium (IV) ions and the duration of electrolysis on the current consumption (CC) of the formation of
dispersed copper powders. Copper was used as the anode electrodes, and titanium plates as the cathode.
The area of the electrodes is equal to 3 cm’, the distance between them is 6 cm. A solution of sulfuric acid
was used as the electrolyte. It stands to mention that the electrolyte contains no copper ions. The principal
variant of the electrolyzer and the reactions taking place in it is shown in Figure 1.

Theoretical. During electrolysis, the formation of copper powders is carried out by the following
mechanism: when polarizing copper and titanium ¢lectrodes in a solution of sulfuric acid with Ti (IV)
ions, the copper anode dissolves forming copper (II) ions:

(+) Cu-2e=Cu*" (1)

— 96 ——



ISSN 2224-5286 Cepusa xumuu u mexronozuu. Ne 6. 2018

T
®

(+) @ i,

1 2
~ e -,
Cu-2Ze—=Cu”
B ¥ ;
) R p AR o
T\ B
Cuﬂ T] +e

Figure 1 - Schematic diagram of the electrolyzer.1 - copper electrode;
2 - titanium electrode; electrolyte composition: Ti(IV) + H,SO,

In the cathode, titanium (I'V) ions are oxidized to the tri-valent state.:
O Ti* +e=T1" )

Copper (II) and Ti (III) ions, formed during reactions (1) and (2), are found among the electrodes and,
as a result, nano-scale copper powders are formed.

Cu'"+ T =Cu’| + Ti" (3)

As it is shown in Figure 1, tetra-valent titanium ions formed as a result of reaction (3) in the cathode
are again oxidized to the trivalent state during reaction (2), interacting with copper (II) ions between the
electrodes and the formation of copper powders is again based on the reaction ( 3). These processes are
cyclically repeated. The objective of the research is to study the effect of various parameters on the
formation of copper powders by the mentioned mechanism..

Experimental. The formation of copper powders was investigated when exposed to a current density
in the electrodes in the range of 50-1,200 A/m*. Within the current density range in the electrodes, 50-150
A/m’, the formation of copper powders is 100%. It should be noted that on the basis of reaction (3) a very
dispersed colloidal copper is formed. Only after an hour they connect and increase, then precipitated.
Increasing the current density in the electrodes reduces the current consumption of the formation of copper
powders. This phenomenon can be explained by the course of an additional reaction in the electrodes at a
high current density. At this time, copper powders are still formed on the surface of the cathode. In the
cathode, in addition to the main oxidation reaction of titanium (IV) ions in the 2nd reaction, the oxidation
reaction of other hydrogen ions also takes place:

2H" +2e=H, “4)

As a result, the current consumption of titanium (I'V) ion oxidation decreases and the formation of
copper powders is reduced during the reaction (3).

It stands to mention that when electrolysis is carried out in a low current density of 100-150 A/m?,
without involving of titanium (IV) ions, ionization of copper electrodes is observed in the first reaction (1)
and after some time oxidation of copper (II) ions on the cathode surface.

Cu* +2¢=Cu’ (%)
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The distance between the anode and cathode electrodes is 4-6 cm or more, also in the presence of
titanium (IV) ions in the solution, the oxidation of copper ions to copper powders is not carried out
immediately, but after a certain time between the electrodes.

The impact of sulfuric acid on the formation of copper powders in the range of 50-250 g/L (Table 1)
was investigated. There is a decrease in the current consumption for the formation of copper powders after
the increase in acid concentration. This phenomenon can be explained by a slight dissolution of the
formed dispersed powders in sulfuric acid. Since ¢lectrolysis is carried out in the open air, the following
reaction can take place:

Cu =+ HZSO4 o 1/202 = CuSO4 =+ HZO (6)

Table 1 - The impact of acid concentration on the current consumption of the formation of copper powders:
Ti(IV) = 8 g/L.i = 150 A/m2.t = 30minutes., t = 25 °C

H,S80,, g/LL 50 100 150 200 250
CO, % 109.2 110,0 1111 104.5 95,3

The impact of the concentration of tetra-valent titanium ions on the formation of copper powders in
the range of 1-16 g/L during electrolysis was studied. In the absence of titanium (I'V) ions in the solution
between the electrodes, the formation of copper powders is not observed. The results of the study showed
that, depending on the increase in the concentration of titanium (IV) ions in solution, the current
consumption of the formation of copper powders increases..

With an increase in the concentration of titanium (IV) ions in the solution, the current consumption of
their oxidation to the tri-valent state in the cathode increases, and the rate of formation of copper powder
increases according to reaction (3). As a result, we can say that the current consumption of the copper
powders formation is growing..

When conducting electrolysis using copper and titanium electrodes in a solution of sulfuric acid with
titanium (IV) ions, the following cyclic mechanism took place: copper (IT) ions Cu - 2¢ = Cu®" are formed
in the anode, at this time the electrolyte color in the anode area begins to acquire blue shade, in the
cathode, tetra-valent titanium ions are oxidized to the tri-valent state and in this arca of the electrode the
color of the electrolyte turns purple. Further, these ions collide between the electrodes and as a result of
reaction (3) dispersed copper powders are formed. At this time, the formed tetra-valent titanium ions are
diffused towards the cathode and are oxidized again to the tri-valent state on the surface of the cathode.
This reaction is repeated cyclically. This process can be shown as a general diagram as follows:

In cathode: Ti** + e = Ti**
In copper anode: Cu - 2e = Cu?* )
Between electrodes: Cu?*+ Ti** = LCu® + fi"‘

As can be seen from reaction (7), under the above conditions, the titanium (IV) - titanium (III) scheme
acts as a catalyst system, these processes are repeated cyclically.

It should be noted that with a smaller distance between the anode and cathode, as well as a high
current density in the electrodes, the dissolution current consumption of copper will be 100%, and the
oxidation current consumption of titanium (IV) ions will decrease dramatically. In this case, an excess of
copper (II) ions formed in the anode is oxidized forming copper powders under the conditions of a current
density limited in the cathode. At this time, the formation of copper powders takes place both between the
clectrodes and on the surface of the cathode.

Microphotographs of copper powders obtained under various electrolysis conditions were taken and
studies were carried out. An electron microscope of the ISM6610W model was used in these studies.

It is established that in the electrode area very dispersed sphere-shaped powders are formed. Figure 3
shows a microphotograph of copper powders formed between the electrodes at a current density 150 A/m®
in the electrodes. The average size of copper particles 0.1-0.2 um.
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Figure 5 - Microphotograph of copper powders, formed on thesurface of cathodei=1200 A/m2, t = 25 °C

Figure 5 shows microphotographs of copper powders formed on the surface of the cathode at a
current density 1200 A/m” in the electrodes. In this case, it was found that copper powders in the form of
threads are formed on the cathode surface.

In conclusion, for the first time when using the copper anode in a sulfuric acid solution with titanium
(IV) ions, when using a copper anode between the electrodes under certain conditions, a very dispersed
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copper powder is formed, the impact of various parameters on this process is investigated. It has been
established that between the electrodes copper particles are formed in the sphere shape with an average
size of 0.1-0.2.
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KYPAMBIHJIA TUTAH (IV) HOHJAPBI BAP KYKIPT KBIIIKBLIEI EPITIHAICTH/E
MEIC AHOJABIH KOJJIAHY KE3THAE JJIEKTPOJTHAT KOJEMIHAE JUCIEPCTI
MBIC YHTAKTAPBIHBIH TY3LTY 3AHBLLTEIKTAPLI

Annoramusi. Kypamsiana turas (IV) moHmapel 6ap KYKIPT KBIIIKBUIBI EPITIHAICIHAC “MBIC-THTaH >KYOBI
JNEKTPOABIH TOJLIPH3AIILIAY KE3IHAE 3JCKTPOATAP KCHICTIKTEpPl apaibIFbIHAA AWMCIECPCTI MBIC YHTAKTAPHIHBIH
TY3UICTIHAIT] aJFam PpeT KOpceTii.

DNeKTPOIN3 KEe31HAEC MBIC YHTAKTAPBIHBIH TY3LTyl MEXaHM3Mi 3epTremmi. MBIC JKOHE THTAH 3JICKTPOATAPHIH
Ti(IV) wmoHmapsl 0ap KYKipT KBIIKBUIIBI CPITIHAITC CANBIM TOMAPH3ALMATIAHFAH Ke3A¢, MbIC aHoabl MbIC(I])
HOHIAPHIH TYy3¢ c¢pim, an karoara tutaH (IV) HOHmApBl yII BaJICHTTI KYHTC¢ OCHIH TOTHIKCHI3IAHATHIHIABIFHI
KepceTiail. byn ke3me karod ayMarbIHAAFBI 3IEKTPOIMTTIH TYCI — KYJTiH, aJl aHOJ ayMaFbIHIA — KOK TYCKE OTel.
Tysimrern mpic (II) sxome Ti (III) woHmapbl 3ICKTPOATAP ApATBIFBIHIA Oip-OipiMEH KE3ACCIN, HOTIKCCIHIC
HAHOPA3MEPJIi MBIC YHTAFBI TY3UICTIHIITI AHBIKTAJIIBL.

Peaknust HOTIDKECIHAE TY3UITCH TOPT BAICHTTI THTAH MOHIAPHI KATOATA KAMTANaH YII BAJICHTTI KYHre AcHiH
TOTBIKCBI3OAHBIN, O 3JCKTPOATap apambirbiHAAa MBIC (1) HOHTAPBHIMCH OPEKCTTCCINM KAWTAZAH MBIC YHTAFBIHBIH
TY3UIETIHAITI JKOHE OYJ MPOIECTEp IMKUIAI TYpAE KAHTANAHBII TYPATHIHABIFBI KOPCETLNAL. OICKTPONH3 KE3iHME
3MEKTPOATAP APANBIFBIHIA AJFAMNKBIAA KOIUIOWATHI MBIC YHTAKTAPBIHBIH TY3LICTiHI JKOHE OJIAPABIH Oip-OipiMeH
Oipirin comaH keitiH TyHOAFa TYCETIHAIrIKepCceTL .

Tyiiin ce3aep: THTAaH HOHAAPHL, MbIC, YHTAK, 3JICKTPOJIU3, JNCKTPOIHT, TOTHIKCHI3AAHY
100 ——
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3AKOHOMEPHOCTH OBPA3OBAHUA JUCHHEPCHBIX MEJAHBIX TIOPOIIIKOB
B OBBEME JJIEKTPOJIMTA TP HCITOJIb3OBAHUN MEJHOI'O AHOXA
B PACTBOPE CEPHOU KHCJOTBI,COAEP/KAIIIEU HOHbI TUTAHA (IV)

AnnoTanust. Briepsbie TIOKa3aHO, YTO MPH MOJBIPH3AIMH MAPHI ICKTPOIOB «MEAb-THTAH» B PACTBOPE CEPHOU
KHCJIOTHI, coepKamicii HoHbI THTaHA (IV) B MEKIICKTPOHOM MPOCTPAHCTBE 00PA3yIOTCSI METHBIC IIOPOLITKH.

Hccnenosan MexaHn3M 00pa30BaHMs MEIHBIX MOPOIIKOB IPH 3CKTposm3e. [lokazano, 4To mpH MOIPH3ALUH
3JCKTPOAOB MEAM M TUTAHA B PACTBOPE CEPHOM KHCIOTHI, coiacpskameil umoHsl TuTaHa (IV), aHoapl Meau
pactBopsroTcs, obpasys monsl Mean (1), a Ha xaToae wowsl THTaHa (IV) BOCCTAHABIMBAIOTCS IO TPSXBAJICHTHOTO
cocTOsIHMS. B 3TO BpeMsI IIBET 3JIEKTPOJIHMTA HA KAaTOAC — (PHOIETOBBINA, a HA AHOAE — MEPEXOJUT B CHHUI ITBET.
YcranosneHo, uto oOpasoanHbiec woHBI Memu (II) mw Ti (III) B3amMOACHCTBYIOT B 0OBCME PacTBOpA MEKAY
3MEKTPOJAMH, B PE3yIbTaTe 00PA3yIOTCS HAHOPA3MEPHBIC METHBIC TOPOIIKH.

[Tokazano, 4YTO UETHIPEXBAJCHTHHIC HOHBI THTAHA, OOPA30BAHHBIC B PE3YJIBTATEC PEAKIHH CHOBA
BOCCTAHABJIMBAKOTCA HA KATOAE A0 TPEXBAICHTHOTIO COCTOSHHA B CBOIO OUEPEAb B MEIKIICKTPOIHOM IMPOCTPAHCTBE
OHH CHOBA B3amMOJCHCTBYIOT ¢ moHamm meam (II), oOpasysi MemHble MOPOIIKH M 3TH MPOLECCHI IIHKIIMIHO
noBTopsFoTCsL. [ToKa3anHo, YTO MPH 3MCKTPOIM3E MEKAY IICKTPOAAMH CHAYajda 00Pas3yrOTCS KOIUIOWIHBIC MEIHBIC
MOPOIIKH, 3aTEM OHU COCIUHAOTCA H OCEAAIOT.

Kimo1ueBbie ¢/T0BA: HOHBI THTAHA, MEb, TIOPOIIKH, 3TCKTPOJIN3, IICKTPOINT, BOCCTAHOBIICHHC.
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