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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 (IV) 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 (IV) 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 (III) 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.

Key words: titanium ions, copper, powders, electrolysis, electrolyte, reduction.

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 electrodes 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 electrodes in a solution of sulfuric acid with Ti (IV)
ions, the copper anode dissolves forming copper (II) ions:

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

In the cathode, titanium (IV) ions are oxidized to the tri-valent state.:
() Ti*" +e=Ti"" )

Copper (II) and Ti (I1I) ions, formed during reactions (1) and (2), are found among the electrodes and,
as a result, nano-scale copper powders are formed.

Cu* + Ti*" = 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 (IV) 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®"+2e=Cu’ (5)
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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 electrolysis is carried out in the open air, the following
reaction can take place:

Cu + H,SO, + 1/20, = CuSO, + H,O 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,S0,, g/L 50 100 150 200 250
CO, % 109,2 110,0 111,1 104,5 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 (IV) 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 (II) ions Cu - 2e = 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 area 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 = T
In copper anode: Cu - 2e = Cu?* (7)
Between electrodes: Cu+ Tt = LCu® + Tid*

As can be seen from reaction (7), under the above conditions, the titanium (I'V) - 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 (1) 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
electrodes 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 JSM6610W 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




Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

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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II[.B.COKOHBCKI/Iﬁ aTeiHAarel JKaHapMaii, KaTanns KoHE dJIEKTPOXUMISI HHCTUTYTHI, AnMaTsl, Kasakcran;
2JI.M. Menpenees aThiHarbl Peceil XHMUS-TEXHOIOTHSITBIK yHuBepcuteTi, Mackey, Peceit

KYPAMBIHJIA TUTAH (IV) HOHJAPBI BAP KYKIPT KbIIIKbLJIbI EPITIHAICIHJAE
MbIC AHOABIH KOJITAHY KE3IHJIE QJIEKTPOJIUT KOJEMIHJIE JUCIHEPCTI
MbIC YHTAKTAPBIHBIH TY3LIY 3AHABIJIBIKTAPBI

Annoraunus. Kypameiaaa tutan (IV) monmapsl 6ap KYKIpT KBIIIKBUIBI €pITIHAICIHAE “MBIC-THTaH >KYOBI
ANIEKTPOABIH TOJApU3ANUAIAY Ke3iHAE DIEKTPOATap KEHICTIKTepi apallbIFbIHAA IUCHEPCTI MBIC YHTaKTapBIHBIH
TY3UICTIH/IT] aJFall peT KOpCeTUIi.

DJIeKTpONIU3 Ke3iHIe MbIC YHTaKTAPbIHBIH TY3UIyl MexaHu3Mmi 3epTrengi. MbIC jKOHE THTaH 3JIEKTPOITAPbIH
Ti(IV) wonmapel 0ap KYKIPT KBIMIKBUIABI €PITIHAIrE Caiblll HOJSIPU3AIMsUIaHFaH Ke3ae, MbIC aHoabl MbIc(I)
MOHIApBIH Ty3e epim, an karonra tuTaH (IV) MOHAaphl yII BaJeHTTI KyHre A€HiH TOTBHIKCHI3NAHATHIHIBIFEI
kepceringi. byn ke3ne karoJ ayMarbIHAAFbl AJIEKTPOJIUTTIH TYCl — KYJITiH, aj aHOJ ayMaFrblH/a — KOK TYCKE OTei.
Tyzinren wmbic (II) xome Ti (III) wonmapsl amekrponrap apanbiFbiHIa Oip-OipiMeH Ke3jecil, HOTHXKECiHIe
HAHOPA3MEPJIi MBIC YHTAFbI TY3UICTIH/IITT aHBIKTAJI/IBL.

Peakiyst HOTHXKECIHIIE TY3UIT€H TOPT BAJECHTTI TUTAH MOHJAAPHI KaToJATa KalWTaJaH YII BAJIEHTTI KyWre JeHiH
TOTBIKCBI3JIAHBIIN, OJ1 3JeKTpoaTap apansirbiHga Mbic (II) MoHImapeiMeH opekerTecin KalTamaH MBIC YHTarbIHBIH
TY3UIETIHAIr JKoHEe Oy MpolecTep LMKIIAI TYpJe KaWTalaHbIl TYPAaTBIHABIFBI KOPCETUINI. DJIEKTPOJIN3 Ke3iHuae
AIIEKTPOATAP apaNbIFBIH/A ANFAIIKBIA KOJUIOMITH MBIC YHTAKTapBIHBIH TY3UICTiHI XoHE oNapAblH Oip-OipiMeH
Oipirim comaH KeiiH TyHOaFa TYCeTIHAITIKOPCETIIII.

Tyiiin ce3aep: TUTAaH HOHIAPBI, MBIC, YHTAK, JJICKTPOJIH3, JIEKTPOIUT, TOTHIKCHI3IAHY
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3AKOHOMEPHOCTH OBPA30BAHUSA JUCHTEPCHBIX ME/JIHBIX [TIOPOLIKOB
B OBBEME 3JIEKTPOJIUTA IIPA UCITIOJIb30BAHUHA METHOI'O AHOJA
B PACTBOPE CEPHOU KUCJIOTBI,COAEP/KAIIEN NOHbBI TUTAHA (IV)

AnHoTanusi. BriepBbie moka3aHo, 4To IpH MOJISIPU3ALNH NAphl 3JIEKTPOJIOB «MEIb-TUTaH» B PACTBOPE CEPHON
KHCJIOTHI, cofieprkamieil HoHbI ThTaHa (IV) B MEeXIIEKTPOTHOM IIPOCTPAHCTBE 00Pa3yIOTCs MEIHBIC TIOPOIIKH.

HccnenoBan MexaHn3M 00pa30BaHMSI MEIHBIX ITOPOIIKOB MPH ANIEeKTpoim3e. [lokazaHo, 9To MpH HOAPU3AIHA
ANIEKTPOIOB MEIAW W THTAaHA B PACTBOPE CEpHOW KHUCIOTHL, conxepkameil moHel twrtana (IV), aHomer memm
pactBopsitorcsi, 00pasyst nonsl Menu (I11), a Ha katoge nonsl Thtana (IV) BoccTaHaBIMBAIOTCS 10 TPEXBAJICHTHOTO
cocTOsiHMs. B 3TO Bpemst IIBET AJIEKTPOJMTA HA KaToie — (PMOJIETOBBIM, a HA aHOJAE — MEPEXOJUT B CHHUI IIBET.
VYcranoBneHno, yto obpasoanusie noHBI Meau (II) m Ti (III) B3ammomeicTBYIoT B 0OBEMe pacTBOpa MEXKIY
3IIEKTPOJaMH, B pe3yJIbTaTe 00pa3yloTcsi HAHOPa3MEPHbIE MEHbIE TOPOLIKH.

[TokazaHO, YTO uYeTHIpEXBAJICHTHBIE HOHBI THTaHa, OOpa30OBaHHbIE B pe3yjbTaTe peakUH CHOBa
BOCCTAaHABJIMBAIOTCS] HA KATOJE /10 TPEXBAICHTHOTO COCTOSHHS B CBOIO OYEpE]b B MEXIJIEKTPOIHOM IIPOCTPAHCTBE
OHM CcHOBa B3ammojeiictBytor ¢ noHamu Mmeau (II), oOpasyst MenHble HOPOIIKM M 3TH HPOLECCHl IMKIMYHO
noBTopsitorcsl. [lokasaHo, YTO IPH IEKTPONIN3E MEXKAY DJIEKTPOAaMH CHadana o0pasyroTcsi KOJUIOMIHBIE MEIHBIE
TIOPOIIIKH, 3aT€M OHH COCTUHSIOTCS U OCEeaIOT.

KuroueBble cjI0Ba: HOHBI THTaHA, MEJIb, IIOPOIIKH, SJICKTPOJIH3, IEKTPOJIHT, BOCCTAHOBIICHHE.
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