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SYNTHESIS OF NANO- AND ULTRADISPERSE
COPPER POWDERS BY CEMENTATION OF COPPER (II) IONS
BY THREE-VALENT TITANIUM IONS

Abstract. The process of cementation of copper (II) ions by tri-valent titanium ions is considered. The
consistent patterns of the formation of nano- and ultra-disperse copper powders as a result of the interaction of
copper (II) ions with titanium (III) ions have been established. It was demonstrated that during the reaction atomic
copper is formed, the particles of which are combined with the formation of fine aggregates of certain sizes, which
are stabilized in the form of spheres.

In the course of the research, the possibility of obtaining titanium (III) sulfate, which is necessary for carrying
out the cementation of copper (II) ions, is shown in an inexpensive, simplified way and the results of studying the
influence of various parameters on this process are presented. The possibility of regeneration of tetra-valent titanium
ions formed as a result of the reaction using an electrolyzer equipped with an anion exchange membrane is
demonstrated.

The effect of the initial concentration of copper ions (II) and titanium ions (III) on the formation of copper
powder was studied. The shapes and sizes of the obtained copper powders were determined using an electron
microscope. The constant of the reversible oxidation-reduction reaction was calculated and it was established that
copper (II) ions contained in the solution are almost completely formed as nano-scale copper powders.

A schematic diagram of the technology for the production of fine copper powders, corresponding to the
requirements of modernity, is proposed.

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

Introduction. The formation of metal powder is one of the spheres of metallurgical engineering.
Metallic powder is widely used in mechanical engineering, and metallurgical engineering chemistry.
Metal powder also has its place in the field of metallurgical engineering [1-9].

If in a nutshell we turn our attention on the information on the use of metal powder: it is widely used
in the manufacture of complex shapes parts in mechanical engineering. It turns out that it is possible to
easily manufacture parts of very complex shapes by placing the metal powder in a certain shape and
exposing high pressure at high temperatures. With this heat treatment, the temperature of the medium
must be below the melting point of the metal produced. It is known that obtaining of complex shapes parts
by planing and cutting hard metal costs more than 100 times or more in comparison with powder
technology [6].

Along with powder metallurgy, flat dispersed metal powders are used as catalysts in chemical
production (iron, nickel, copper, etc.), in oxygen-flux welding, magnetic defectoscopy (iron), in the
manufacture of products from polymer materials, in the production of lacquers (zinc, lead, iron, nickel), in
the production of batteries (lead), in the production of pyrophores. Powders of flat disperse iron, copper,
nickel increase the mechanical strength of products when forming them from plastic, rubber, nylon. If
irons, zinc, bismuth powders, are added to the rubber glue, the quality of rubber products will improve. In
hydrometallurgy, zinc powder is used in the production of zinc, in the separation from solutions
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containing copper and cadmium ions, by cementation; however such plants are widely used to separate
gold from cyanide solutions [8-11].

If we talk about copper powder, in the ancient period copper powder was widely used as decorative
cosmetics. It is impossible to imagine ceramics and fine arts without copper powder. Today, the use of
copper powder becomes wider with every passing day.

Copper powders in an active form are widely used by powder metallurgy in the manufacture of
mechanisms and for other purposes, mainly in electrical engineering, instrument making, mechanical
engineering and aviation production, chemical manufacturing, nanotechnology. Also used in the
manufacture of anti-wear agents, in the manufacture of automobile tires and many other areas [1-3, 16].

Recently, copper powders in the form of ultra-disperse spheres are used in the implementing of 3D
technology, in reducing the friction force and wear of machine parts [16].

Copper powders can be obtained by electrochemistry and cementation. It should be noted that more
than 90% of the copper powder currently produce is obtained only by the electrochemistry methods. In
laboratory environment, copper powder is obtained by cementation of its ions with zinc powder. The
standard copper potential is Elcuwc = 0.34V, and the zinc potential is E%. 2" = —0.76V. Since the
potential difference value (AE = 0.34 - (- 0.76) = 1.2V) is very large, the size of the formed copper powder
is 30-50 microns [17]. In the proposed article, we examined the process of cementation of copper (II) ions
with tri-valent titanium ions. Preliminary studies have shown the formation of very flat, ultra-disperse
copper powders. If comes to think of it, obtaining copper powder by cementation with titanium ions (III)
has a promising future. Because copper powders in the form of a dispersed sphere are in great demand.
But unfortunately, sulphate compounds of tri-valent titanium ions are not produced in a great volume and
the cost of such compounds is very high. For this reason, we, in this proposed work, together with the
study of the process of cementation of copper ions (II) with titanium ions (III), also considered the
possibility of obtaining titanium sulfate (III) by simple affordable means.

Procedure of work execution. The study of the formation of copper powders by cementing copper
ions (II) with tri-valent titanium ions was carried out in a 200 ml beaker. During the reaction, the solution
was stirred with a magnetic stirrer. To carry out laboratory work, we used "chemically pure" copper
sulfate (CuSO45H,0). The sulphate of trivalent titanium required for investigation was obtained by
polarization of two titanium electrodes by a 50-Hz alternating current in a solution of sulfuric acid. In this
paper, the regularity of the formation of titanium sulphate (III) is examined, the effect of various
electrochemical processes on it is studied, and their results are presented. The main investigations were
carried out under atmospheric conditions at room temperature. The purity of titanium electrodes used to
obtain titanium sulfate (III): Ti — 97.65%.

The effect of the initial concentration of copper (II) ions and titanium (III) ions on the formation of
copper powder was investigated. The shapes and sizes of the obtained copper powders were evaluated
through an electron microscope.

Theoretical. When the solution is combined with copper ions and the ions of trivalent titanium, the
following reaction is obtained:

Cu®' + 2T =—=cu’ + 2Ti*" (1)
According to the literature Cu*" =— Cu’, Ti*" == Ti’" the potential values of corrosion-recovery
electrode systems [17]: E’ci”/ce= 0,34V, E'* 1°" = 0,04V.
In order to calculate the constant (K) of the above (1) recurrent redox reaction (red-ox), we
determined IgK by the following formula [18]:

_n(EP-EY)

ngred—ox - W (2)

Further, the value of K (n=2) is set for the reaction (1):

(EP-ES)n
0,059

K =10 (3)
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(2) by the equation:

2(0,34 — 0,04)
lg KCu2+/Ti3+ = W = 10,2

As a result, the value of the «red-ox» reaction constant (1):
K=~10"

This value of «K» proves that reaction (1) moves completely from the left to the right and that this is
a complete, irreversible reaction. Consequently, this shows that repeated interaction of the formed copper
powders with four-valence titanium ions, and a new formation of copper (II) and titanium (III) ions are
impossible. In other words, reaction (1) will be equal only when the product of [Cu’] - [Ti’"] ions is larger
by 10" products of [Cu*"] - [Ti**] ions.

In previous studies [15, 20-22], we demonstrated the formation of ultra-disperse copper powders on
the cathode-anode area, and in the size of the electrolyte. And in this article, we propose the regularities of
the formation of copper powders by cementing copper ions (II) with ions (III) titanium.

Experimental. The solution containing copper (II) ions was poured into a beaker, stirred and
gradually added to a solution with tri-valent titanium sulfate. The solution of titanium sulphate (III) was
added to the decoloration of copper (II) sulphate of blue color. At that time an interesting phenomenon
was observed. As indicated above, a solution of copper (II) sulfate is blue, and a solution of sulphate of tri-
valent titanium is violet. When the two solutions are combined, the electrolyte is discolored. It is known
that a solution of four-valent titanium is colorless. When the concentration of copper ions in the solution is
1 g/1, within two to three minutes the formation of copper powders is not visible by eyes. Only after four
to five minutes, you can observe the formation of copper powders of colloidal light yellow color
throughout the electrolyte. Consequently, copper (II) ions are reduced to very dispersed metal powders
and a colloidal copper solution is formed.

At a certain point in the electrolyte the formation of copper powders becomes not visible by eyes, it
can be assumed that this is due to the formation of atomic copper. Only after a certain time, the copper
atoms begin to connect with each other, and a light yellow-colored colloidal metal solution is formed.
After a couple of hours, these copper particles are even more connected and precipitated. We believe that
the dimensions observed through the microscope are not their exact dimensions, but only their combined
forms.

The table below shows the values of copper powders formed by combining the solution with different
copper (II) ions and titanium (III) ions.

Table 1 - The impact of the initial concentration of copper (II) ions on the formed copper powders: V =100 ml

Concentration of copper (II) ions in The value of copper in solution, g Mass of the formed copper powder, g
solution, g /1
1,0 0,1 0,098
2,5 0,25 0,225
5,0 0,5 0,480
7,5 0,75 0,710
10 1,0 0,930
20 2,0 1,920

The results of the study showed that during the reaction, the copper (II) ions completely transform
into the form of nano-sized copper powders.

Copper powders obtained on the basis of cementation, filtered, rinsed, dried in an inert medium (box).

In figures 1-4, microphotographs of copper powders formed at different initial concentrations (1 g/l, 5
g/l, 10 g/1) of copper (II) ions in solution are presented.
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SEI  20kv  WD11mm SS20 x50,000 0.5pm =—— 1 SE| 20kV = WD11mm SS20 x25,000 Apm  e—
Sample 8526 20 Jun 2018 Sample 8527 20 Jun 2018

Figure 1 - Microphotograph of copper powders with the initial concentration of copper (II) ions
in a solution of 1 g/1: the average size of copper powders is 0.1 - 0.4 pm.
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Sample 8426 01 Jun 2018 Sample 8425 01 Jun 2018

Figure 2. Microphotograph of copper powders with the initial concentration of copper (II) ions
in a solution of 5 g/1: the average size of copper powders is 0.4-0.9 um.
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Figure 3. Microphotograph of copper powders with the initial concentration of copper (II) ions
in a solution of 10 g/ I: the average size of copper powders is 0.8 - 2 um.

SEl 20kv  WD1imm SS20 x55,000 0.2pm  — SEl 20kVv  WD1imm S§S520 x10,000 Apm  ‘—
Sample 8542 20 Jun 2018 Sample 8528 20 Jun 2018

Figure 4 - Microphotography of copper powders with the initial concentration of copper (1) ions
in a solution of 1 g/l: the average size of copper powders is 0.077-0.097 pum.

According to the results of the electron microscope examination, it was observed that with an increase
in the initial concentration of copper (II) ions, the sizes of copper powders increased from 0.1 um to 2 pum.
In general, this is not the formation of copper powders in a large volume with a high initial concentration
of copper (II) ions, we assume, that with an increase in the initial concentration of copper (II) ions it
depends on the increase in the rate of the process of aggregation of copper atoms with each other. Because
the sequential results of the study showed that copper powders have nanoscale form in a colloidal solution
(Figure 4).

In order to make full use of the aforementioned method for producing a copper powder, it is necessary
to create a simple method for preparing a tri-valent sulfate compound. The compounds of tri-valent ions
are not constant, they are easily and rapidly oxidized to tetra-valent states. Therefore, this connection must
be used immediately after receipt.

The influence of various parameters in the process of obtaining titanium (III) sulphate by the
alternating current polarization of titanium electrodes in a solution of sulfuric acid is studied below.
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The Figure 5 shows the effect of the current density in the electrodes on the current consumption of
the dissolution of the formed Ti,(SO4); compound in a 300 g/l sulfuric acid solution of the titanium
electrode. When the current density is polarized with an alternating current of up to 200 A/m?, dissolution
of the titanium electrodes is not observed. After that, at 600 A/m” the dissolution rate by the current of
titanium electrodes increases to 30%, and up to 1000 A/m” reaches the same value.

Current output, %

30 -
L ]
20 A
10 -
0 Al T T T T T T T T lrl: Alllm‘
200 400 600 800 1000

Figure 5 - The effect of the current density in the electrodes on the current consumption of the dissolution
of the formed titanium (III) sulfate compound in a solution of sulfuric acid of titanium electrodes polarized
by the industrial alternating current: H,SO,4 = 300 g/I; T = 0,5 hours; t = 25°C.

Dissolution during the polarization of titanium electrodes by alternating current can be explained by
the fact that in connection with the oxidation in the cathode half-period of the oxide film on the surface
and anodic dissolution during the anode period. With prolonged electrolysis, it is possible to observe the
precipitate of crystals of titanium (III) sulphate in the form of needles at the bottom of the electrolyzer.

The increase in the concentration of sulfuric acid in the solution increases the current consumption
rate by the dissolution of titanium (Figure 6). This phenomenon can be explained by a decrease in the
constancy of the titanium oxide layer on the surface of titanium electrodes due to the increase in the
concentration of sulfuric acid.

We present the scheme of a new technology for obtaining ultra-disperse copper powder based on the
above laboratory studies (Figure 7). Into electrolysis process, where two (2) titanium electrodes are
located, a solution of sulfuric acid (3) is poured and alternating current in a certain volume is directed
through the LAVD along the chain. At that time, tri-valent titanium sulfate is formed in the electrolysis.
This electrolyte is directed to the reactor (4) with copper (II) sulfuric acid sulfate. In the reactor, ultra-
disperse copper powders (1) are formed in reaction. After a certain time, precipitating dispersed copper
powders are decanted, then filtered, washed, dried, as the result we have a very dispersed copper powder.
The electrolyte released from the decantation, the electrode core, is sent to the cathode cavity of the
electrolysis, separated by an anionite membrane, ions of tetra-valent titanium are oxidized-regenerated in
the cathode of titanium to the state of tri-valence, and sent to the reactor (4) to obtain copper powders.
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Figure 6 - The effect of the concentration of sulfuric acid in the solution
on the dissolution of titanium electrodes: ir; = 800 A/m?; T = 0,5 hours; t = 25 °C.
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Figure 7 - Scheme of the principle technology of obtaining ultra-disperse copper powder by cementing a solution of copper (1I)
sulfate with titanium(III) ions: 1 - electrolyzer; 2 - titanium electrodes; 3 - solution of sulfuric acid; 4 - the reactor forming ultra-
disperse copper powders; 5 - stirrer; 6 - electrolyzer designed to produce tri-valent titanium ions, separating the cores of the
electrodes by an anionite membrane; 7 - lead electrode; 8 - LAVD; 9 - ampere-meter.

From the excess amount of tetra-valent titanium sulfate, as shown in the flow chart, by the addition of
ammonia, it is possible to obtain the titanium (III) hydroxide, then the titanium dioxide (IV). It should be
noted that the titanium (III) hydroxide is a very good sorbent, and its dioxide is the necessary pigment for
obtaining a white color.
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In conclusion, as a result of thorough comprehensive studies, the interaction of copper (II) and
titanium (III) ions was studied, the patterns of formation of nano- and ultra-dispersed copper powders
were established. During the reaction, the formation of atomic copper is established, their particles are
connected to each other and flat dispersed aggregates are formed, stabilized in a certain volume in the
form of a sphere. It has been shown that it is possible to obtain, in a simple and easy way, the tri-valent
titanium compounds necessary for the preparation of the powder and to regenerate the tetra-valent
titanium ions formed by the reaction using anionite membranes. A scheme of complex technology is
presented in accordance with modern requirements for the preparation of dispersed copper powder.
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MBIC (IT) HIOHJAPBIH YIII BAJIEHTTI TUTAH HOHJAPBIMEH HEMEHTAIIUAJIAY APKbIJIbI
HAHO - )KOHE YJbTPAJIUCITEPCTI MBIC YHTAKTAPBIH AJ1Y

Annotanusi. Meic (1) noHIZapbIH yII BaJeHTTI TUTaH MOHJIAPbIMEH [IEeMEHTAlMsIAy MPOLECci KapacThIPbLIIbL.
Meic (II) monmaper men Turtan (III) nOHmApBIHBIH ocepiecyi 3epTTeNiN, HaHO- JXOHE YIBTPAJUCIIEPCTI MBIC
YHTaKTapbIHBIH TY3UIy 3aHJIBUIBIKTapbl aHBIKTAJ/IbL. Peakius Ke3iHae aToMapiibl MBICTBIH TY3LIiI, OHBIH OeJImeKTepi
6ip — Oipimen Oenrimi esmemzeri Maiina aucrepcti arperarrapra Oipirim, cdepa QopmackiHIa TYpaKTaHATHIHBI
ANKBIHAAJIIB.
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3eptrey OapriceiHna MbIc (1) moHmapeH nemeHTanmsayra Kaxerti tutal (I11) cynbdaTeia KapamaiibiM ap3aH
JKOJIMEH aly MYMKIHITT KapacTHIPBUIBI, OCBHl IPOLECKE OPTYPIi MapaMmeTpiepiH OcepiH 3epTTey HOTIKeIepi
KenTipinai. Peakums HOTHKECIHAE TY3UITEH THUTAaHHBIH TOPT BAJCHTTI MOHIAPHIH aHWOHHUTTI MeMOpaHacwl Oap
3IEKTPOIU3EP Il KOJIIAHBII, pereHepanusiayra OoJaThIHIBIFEl KOPCETLIII.

Msic yaTareHby TY3iMyiHe Mbic (II) normapemsiH sxoHe TuTaH (I11) mOHAaphIHBIH 6acTanKpl KOHIEHTPAIH-
JapbIHBIH ocepi 3epTTenai. AJBIHFaH MbIC YHTAKTapbIHBIH ()OpMAackl MEH OJIeMAEpl 3IEKTPOHABIK MHKPOCKOI
apKbUIBl capanTaiibl. KalThIMIBI TOTBIFY-TOTBIKCBI3[IaHy PEAKIMSACHIHBIH KOHCTAHTACHI €CENTeNI, epiTiHIIAeTT MBIC
(IT) monmapsk! TYreNn AepiiKk HaHOpPa3MepIli MbIC YHTaKTaphl TYPIHE OTETIHIITT aHBIKTa/bI.

OTe mucrepcTi MBIC YHTAFbIH aTy/AbIH Ka3ipri 3aMaHHBIH TajaOblHA cail KEUICH/[I TEXHOJIOTUACHIHBIH TPUHIIH-
MIHAJIJIBI ChI30a-HYCKACH! YCHIHBULIBI.

Tyiiin ce3mep: TuTaH MOHIAPHI, MBIC, YHTAK, EMEHTAIMS, AJIEKTPOJIN3, alHBIMAIIBI TOK, 3JIEKTPOJIUT, TOTHIK-
CBI3JIaHY.
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MOJYUYEHUE HAHO- U YJIBTPAJIMCIIEPCHBIX IOPOIIIKOB ME/IA IEMEHTALIMEA NOHOB
MEJH (II) TOHAMMUA TPEXBAJIEHTHOI'O TUTAHA

Annoranusi. Paccmorpen mpomecc uemeHrtanmum woHOB Memu(Il) MOHaAMH TpeXBaJGHTHOTO THTAaHA.
YcTaHOBIIEHBI 3aKOHOMEPHOCTH (OPMHPOBAaHUS HAHO- WM YJIBTPAIUCIIEPCHBIX ITOPOIIKOB MEIW B pe3yibTare
B3anMmozeiictBus moHOB Menu (II) ¢ momamm tmrtama (III). ITokasano, 4ro B mpomecce peakuuu oOpasyercs
aTOMapHasi MeAb, YacTHUIBI KOTOPOH OOBEOMHSIOTCA ¢ (OPMHUPOBAaHMEM MEJIKOAMCIEPCHBIX —AarperaTtoB
OIPEJICNICHHBIX Pa3MEPOB, KOTOPbIE CTA0MIM3UPYIOTCS B BUjE cdep.

B mporecce uccnenoBanus NokazaHa BO3MOXHOCTh MOJYYEHHs] HEJIOPOTOCTOSIIMM, YIPOIIEHHBIM CHOCOO0M
cynsdara Turana (III), HeoOxomumoro st mpoBeAeHUs peakiuu IemeHTtanmu HoHOB Meau (II) u mpuBemeHbI
pe3yIbTaThl U3Y4EHUS BIMSAHUS pa3IMYHbIX TapaMeTPOB Ha JaHHBIN npomnecc. [lokazaHa BO3MOXKHOCTb pereHepanuu
YETBIPEXBAJIEHTHBIX MOHOB THUTaHA, OOpa3yIoIIMXCs B pe3yJjbTaTe pPEaklWH, C HCIIOIb30BAHHEM JIIEKTPOJIHM3EpPA,
CHAa0>KEHHOTO0 aHHOHUTOBOH MeMOpaHOH.

HccnenoBaHo BiIMsiHWE MCXOQHOM KOHLeHTpanuu noHOB Meau (1) m monoB turana (III) Ha ¢opmupoBanne
nopomka Meau. @opmMbl U pa3MeEpbl MOJYYEHHBIX MOPOLUIKOB MEOU YCTAHOBJIEHBI C IOMOIUBIO AJIEKTPOHHOIO
MHKpOCKOIa. PaccunTaHa KOHCTaHTa 0OpaTUMOW OKHCIHTEIHHO-BOCCTAHOBUTEIBHON PEaKIMU U yCTAaHOBJICHO, YTO
nonbl Menu (II), comepxamuecs B pacTBOpe, MPAaKTUYECKH IOJHOCTHIO (OPMHPYIOTCS B BHAE HaHOPA3MEPHBIX
[IOPOIIKOB MEIH.

IlpennoxkeHa MNpUHLUMOMAIBHAS CX€Ma TEXHOJOIMM IIOJYyYEHUS MEJIKOAMCIIEPCHBIX IOPOIIKOB MEAH,
COOTBETCTBYIOLIAsl TPEOOBAHHUSM COBPEMEHHOCTH.

KiroueBble cjioBa: MOHBI TUTaHA, Mellb, TOPOILKH, [IEMEHTALUSA, JEKTPOIIN3, IEPEMEHHBIN TOK, 3JIEKTPOJIHT,
BOCCTaHOBJICHHE.
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