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INFLUENCE OF CUPROIONS ON COPPER POWDERS
FORMATION IN ELECTROREFINING OF COPPER

Abstract. The purpose of this work was to determine the ways of copper powders forming penetrating into the
sludge when copper is produced by electro-refining. Our studies were carried out by electrolysis in galvanostatic
conditions and by potential measurements using Autolab PGSTAT 302 potentiostat. The temperature varied between
25 and 75° C. Copper ions concentration in solutions after electrolysis was determined by potentiometric titration.

It is shown that copper ions (II) in sulfuric acid solutions in the presence of titanium (III) ions are reduced to
form elemental copper in powder, forms and sizes of particles in copper powders are determined by the electron
microscopic method.

Results of the study showed assumptions about the possibility of forming powders due to mechanical shedding
during anodic copper dissolution are not confirmed.

Our studies results allow us to conclude that the anode potential rises, then decreases, therefore, it constantly
fluctuates and leads to copper powders formation at this time.Cuproions’s concentration depends on copper electrode
potential and its oscillation can promote a shift in the equilibrium of Cu’ <> Cu * + e reaction to the right or to the
left. In industrial conditions, the value of the current in the circuit and the temperature of the electrolytecannot be
kept constant. For this reason, there is a periodic anode potential oscillation with different frequency amplitude. When
anode potential is shifted to negative region, it is possible to form a copper powder according to an above reaction.

However, the formed copper atoms cannot penetrate into the crystal lattice of the anode. As a result, finely
dispersed copper powders are formed on the electrode surface; they gradually pass into the solution and then
penetrate into sludge.

For the first time, on the basis of study and analysis results, a mechanism is established for copper powders
formation penetrating into the sludge composition during the electro-refining of copper. It is shown that the
formation of copper powders, their penetration into the sludge composition, is mainly directly related to the
oscillation of anode potential in electrolysis process and formation of various potential values at various sites of the
electrode surface.

Key words: copper, powder, cuproion, sludge, refining, potential, electrolysis, anode, cathode, electrolyte,
reduction.

Introduction. Following the traditionally developed technologies using pyrometallurgical method,
the metal is extracted with a purity of 99.9% with purification by electro-refining processes of more than
90% copper. At electrolytic refining of copper rare and precious metals not getting in a solution, collect on
the bottom of an electrolyzer in the form of a sludge; in this precipitate fall and disperse copper powders,
their quantity is about 60%.

From one ton of cathode copper, 1-1.5 kg of sludge is extracted. The composition of the sludge
depends on an anode composition. The amount of metals and compounds contained in the sludge, which is
formed by the method of electro-refining around the world (on average),%:

Cu—-10-66 As—0.1 -4.0Ni—0.05-0.5
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Ag—3-55Bi—0.001 0.5 SiO,— 0.3 — 7.0
Au—0.05-4.0Se—2-28S0,-6-15
Pb—0.9-12.0 Te —0.01 — 6.0

Sb—0.04 —30.0 Fe—0.04 — 1.5

Dispersed copper powders, which are part of the sludge composition, make it difficult to separate the
extraction of valuable elements such as gold, silver, selenium, tellurium. In short, the fact that copper
powders enter the sludge during electro-refining is unnecessary, and many studies are devoted to research
related to this phenomenon. However, scientists could not explain the loss of copper powders to the mud
for more than 100 years.

In short, some authors [13-15] explain the formation of copper powders during electrolysis by the
presence of metals with negative potentials in the form of impurities.

In the opinion of these authors, if there are metals in the composition corresponding to negative
potentials (Ni, Fe, Zn and others), then as a result of foundry anodic polarization rapidly dissolves, there is
a positive potential of copper, not soluble, then rubbed in the form of a powder.

In fact, the conducted studies have shown that, due to the presence of a large number of negative
metals in the composition of copper, when they dissolve, the growth of copper powders.

There is also an opinion that the insolubility of the copper anode can also be one of the reasons for
copper powders formation. During electrolysis, it can also be observed that the copper anode dissolves not
evenly.

The results of a special study showed that a fine powder precipitated in the sludge is very fine. For
this reason, some scientists suggest that these powders are formed chemically as a result of the
disproportionation reaction [16,17]:

2Cu*— |Cu’+ Cu** (D)

But the results of the study Makarov G.V. and other authors [10, 13] show that during electro-refining
the concentration of monovalent ion in the electrolyte volume does not reach the equilibrium state.
Therefore, it is unambiguous to conclude that copper powder cannot be formed as a result of the above
chemical reaction. Another proof of this hypothesis is:copper powder formation is observed even when a
pure copper anode is dissolved.

If copper powders are formed mechanically, then the size of their particles should be large.But how is
this possible from the chemical side?Before us was the task of answering such questions. In connection
with this, the purpose of our work is to studycopper ions reduction process in various cases.

Methods. The studies were carried out during electrolysis in the galvanostatic regime and using the
method of potential measurement byAutolab PGSTAT 302potentiostat. The temperature was changed
between 25-75° C. The concentration of copper ions in solutions after electrolysis was determined by
potentiometric titration.Copper (II) ions were oxidized in the presence of titanium (III) ions in sulfur
solutions.In this case, copper is recovered by the following reaction and is formed in the form of a powder:

Cu*" +2Ti" — |Cu’+ 2Ti"" )

We investigated copper powder components shape and size by electron microscopy.

Resultsand discussion. Copper powders formation in accordance with reaction (2) is analogous to
the result of the following reaction Cu * + e — Cu’, because here metal powders are realized by electronic
exchange. Forms of copper powders formed during carburization are shown in Figure 1. Photographing
was carried out in reflected light with the help of a polished section.The particles of copper powder are
different: inaccurate, isometric and some in different forms, oval. The edges of the particles are not
smooth. The particle size ranges from 0.001 to 0.10 mm. It was noted that the number of particles in the
horizontal direction with a size of 0.01-0.10 mm is dominant. At high temperatures (t = 90° C), copper
particles size decreases (the particle size is 0.001-0.005 mm horizontally). That is, the size of the particles
depends on the conditions of their formation.Therefore, as previously reported in [13-15], the various
shapes and sizes of metallic particles cannot be established as a result of the formation of copper powders
by anodic-mechanical weathering.

—— Y4 ——
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Figure 1 - The microphoto of a polished sectionof the bricketed powder of copper received at cementation
of ions of copper (II) by ions of the titan (III)
a) 25°C;b) 90°C; zoom in 1200 times

Copper powders can also be formed on the surface of the cathode. As a rule, the process of electro-
refining occurs when the concentration of copper ions is 40 g / L, and the current density in the cathode
does not exceed 250 A / m*.With such a high concentration on the surface of the cathode, the current
density cannot be higher than the limiting current.For comparison, a photomicrograph of the formed
copper powder was obtained from a solution containing 1.2 g / L of copper ions (II), 50 g / L sulfuric acid
at a cathode current density of 3000 A / m* (Figure 2). From this figure, the formation of a copper powder
from homogeneous particles of 1um in size is seen.

The results of our preliminary studies allow us to conclude that the anodic potential increases and
decreases, which means that its oscillations can lead to the formation of copper powders at this time. As
we found, the concentration of cuproion depends on the potential of the copper electrode, and its
oscillations can be shifted to the right or left of the Cu’Cu " + e reaction.In the case of production it is
impossible to maintain a constant current and the temperature of the electrolyte in the circuit, respectively,
the anode potential instantaneously drops to a certain value at a certain moment. When the anode potential
is shifted to the negative side, the copper powder can be formed by the above reaction. But structured
copper atoms cannot enter and settle into the crystal lattice of the anode. As a result, a fine-dispersed
copper powder is formed which adheres poorly to the surface of the electrode, which gradually passes into
solution, and then to the sludge.

20kV WDBmm 5530 =10,000 Apm

Figure 2—A microphotograph of copper powders formed during the polarization by a cathode current
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In other words,copper atom penetration into electrode crystal lattice becomes difficult.The reason for
this is that, regardless ofsmall potential shift to negative region, the electrode remains an anode.If we
assume that during the electro-refining in the production situation we shift the anode potential with an
amplitude of 0.5 mV and an average oscillation frequency by 1 Hz, then by the reaction Cu” + ¢ — Cu’,
the forming amount of copper powder can be calculated.According to the literature data [13], in the case
of industrial electrolysis (in the air atmosphere) in electrolyte solution’s volume, the presence of
monovalent copper ions.During the electrolysis in the diffusion layer, there will always be an equilibrium
amount of cuproions. They shift toward the formation of copper atoms when the equilibrium is shifted
toward the negative potential. Our studies have shown that the concentration of monovalent copper ions in
the solution depends on the potential of the copper electrode. (Figure 3).

[Cd].10" g-ion/L

80

6,0

E,B
0,33 034 035 0,36

Figure 3 -Dependence of cuproions concentration on electrode potential

If this is so, when the potential of a copper electrode changes by one volt, an approximate value of the
change in the concentration of cuproions:

lg (A[Cu'])/AE = 0,0064/0,035 = 0,182 g-ion/L = 11,6 g/L 3)

Calculations were made on the basis of data obtained from the copper refining manufactory.

When the anode potential is displaced in the negative direction to 0.001 V by reaction Cu * + ¢ — Cu’
0.0116 g/L copper powder is formed.

You can calculate the deviation for 20 days at a frequency of 1 Hz:

20-60-60-24 = 1728000 times (number of potential’s deviations) (4)
Calculation ofcopper powder concentration formed from one liter of electrolyte:
1728000 - 0.0116 =20.189 kg. (5)

And because of the presence of a solution of cuproion in the diffusion layer, it is necessary to
calculate the volume of the diffusion layer of one series.The number of serial anodes in the electrolysis
workshop is 740, their total area is 1480 m?, and the thickness of the diffusion layer is 6 = 107%™ [17].

Using these values, it is possible to calculate the diffusion layer’s total volume: V=S, -5 = 148000 xm*
-0.0001 oM = 14.8 L. The total amount of copper in each series, formed by the reverse ionization reaction,
for 20 days:

P=14.8 - 20.189 = 299.597 kg (6)
— 46 ——
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According to the literature, in this case, approximately 100 kg of a copper deposit close to the sludge
is obtained [4].

If you pay attention to this, you can see that the amount of copper powder formed in production
conditions corresponds to the amount obtained in the production of copper by electro-refining.

Calculations results show that the oscillation of the anode potential can actually be a source of copper
powder. Thus, during the deflection of the anode potential in the negative direction, and the electrode
surface, the following reaction occurs:

Cu'+e— Cu’ (7)

As a result of the above reaction (7), studies were conducted to determine the cause ofmetallic
powders formation.The copper electrode was built into an acid solution of copper sulfate in an inert
medium and for a long time was in this state.In which case the following reaction occurs:

Cut+ Cu*" — Cu” (8)

During this reaction, the monovalent copper ions were formed in a state of equilibrium, after which
the copper electrode was removed.Subsequently, when the electrolyte is cooled to ambient temperature,
copper powders are not formed as a result of the reaction (1).The formation of copper powders is observed
only when the copper electrode is repeatedly immersed in the electrolyte. Consequently, the formation of a
copper powder occurs only when a copper electrode is present in the electrolyte.

It is impossible to exclude the precipitation of copper into the sludge (macroparticles) by means of
mechanical precipitation, but this process can be random.Experiments with an anode pulse current were
carried out to prove that the anode potential fluctuations are a source of finely dispersed copper powder,
i.e. conditions are created for creating the greatest amount of anode energy. The chain transfer of anode
pulse current is mechanically realized, and its frequency change is regulated by the engine rotation speed.
Experimental results show that the amount of metal powder formed during the copper electrolysis of the
pulsed current increases at the current frequencies of the anode pulse (Table 1). In this case, the particle
size of the copper powder on the surface of the anode is from 0.001 to 0.10 mmK.

Table 1 — Influence of frequency of anode pulse current on amount of powder of copper: in solution: 40 g/L Cu*"and 150 g/L
H,SO,t= 60°C, current density = 240 A/m?, electrode surface area = 6 cm?, duration of experiment =4 hours, (1 pendant
corresponds to 0.658 mg of copper)

Anode pulse current frequency, min The size of the formed copper powder
per pendant, 10° mg in terms of dissolved copper,%
0 0.079 0.012
30 0.201 0.030
60 0.798 0.120
100 0.824 0.121

In the absence of current oscillations, copper powders formation can be explained as follows. As is
known from the literature [18], on the electrode surface the current density on each of its parts cannot be
the same, resulting in different potential regions.In addition, there isthe difference between the intrinsic
masses on the surface ofanode andmixing of the electrolyte itself by the circulation. According to this
information on the electrode surface, the rate of natural convective interactions of the electrolyte is 4
mm/sec and this is 20 times greater than the rate of forced stirring of this electrolyte [19].At the same
time, cuproions can move from the positive part of the anode surface to the negative part can be oxidized
to metallic copper. And copper in the form of powder passes into the sludge. The surface roughness of the
electrode (anode) increases this effect, since the potentials of the anode peaks are different.If we assume
that the step and metal powder electrode processes are formed by the disproportionation reaction, its size
should increase as the current density increases, since the amount of univalent copper ions in the
intermediate link accordingly increases. The literature on this issue contradicts each other.For example, E.
Haertt [20] and E.S. Letskih [21] say that an increase in the current density leads to an increase in the
amount of elemental copper in the anode sludge. However, an increase in the current density in the work
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of the authors E. Volvill [22] and A. Allmand [23] showed that the amount of elementary copper powder
of the anode sludge decreases.According to G.V. Makarov [13], the amount of copper powder does not
depend on current density. Such various contradictory opinions can be explained as follows. The amount
of copper powder in all cases does not depend on the current density; it depends on the oscillation of
anode potential and because of the creation of different potentials in different regions onthe electrode
surface. This conclusion is justified by the results of our research. According to [24], monovalent copper
ions are stable in an inert medium in acidic solutions (in the absence of a copper electrode). The detailed
studies that we carry out supplement this idea.

Copper powdersare formed when the potential is oscillated under laboratory conditions, and in
production conditionscopper powder amount formed during the electro-refining of copper is about 0.04%.
As is known from the practice of electrostatic copper, the sludge content consists of 0.1% of the dissolved
copper anode. In short, for the first time, on the basis ofresearch and analysis results, a mechanism was
found for the formation of a copper powder falling into the sludge during copper refining. It was shown
the formation of copper powders precipitating in sludge, mainly during electrolysis in the form of a
periodic anodic potential with oscillations and the formation of different potentials at each electrode
surface area.
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IJIEKTPOPAOHUHALUSAIIAY KE3IHJAE MbIC YHTAKTAPBIHBIH
TY3LIYIHE KYITPOUHJAPIbIH 9CEPI

AHHOTanusi. ByJ1 JKYMBICTBIH MakcaTbhl MbBICThI AJieKTpopaduHanus diciMeH ainy Ke3iHJe LulaM KypambIHa
OTETIH MbIC YHTAFBIHBIH TY3LTy JKOJIIAPbIH aHBIKTAy OOJBII TaObLIa/Ibl. 3ePTTEYJIEp rajJbBaHOCTATUKAIIBIK XKaF/aaiina
ANIEKTPOJIM3 JKYPridy apkbuibl xoHe Autolab PGSTAT 302 moreHimoctarbl KeMeriMEeH HOTCHUHAIIap 6JIlley
omicimen xyprisinai. Temmeparypa 25-75°C apanbIFblHaa ©3repTini. DIeKTPOIH3IeH KeHiHTi epiTiHinepaeri Mpic
MOH/IaPbIHBIH KOHLEHTPAIMACHl MOTEHIHOMETPUSUIBIK TUTpIiey ojiciMeH aHbIKTangsl. Mbic (II) moHmapbiHbIH
KYKIpTKBIIKBULABL epiTiHainepae tutan (III) moHIapbIHBIH KaTHICBIHIA TOTHIKCHI3AHbII, 3JIEMEHTTI MBIC - YHTaK
KyHiHzme Ty3iigerini kepceriami. Ty3iIreH MbIC YHTAKTapBIHBIH OOIIICKTePiHiH (HOpMacChI, eJIeMaepi ISKTPOHIBIK,
MHUKPOCKOIIHS /IiCIMEH aHBIKTAI/Ibl. 3ePTTEY HOTHIKENEPl YHTAKTapAbIH aHOATHIH epyl Ke3iHle MEXaHUKAIIBIK YTy
caniapblHaH TY3U1yl Typalibl 00JDKaM pacTaama/ibl.

bizain ToxipubenepimiziiH HOTHKENEPl aHO MOTEHIMAIIBIHBIH )KOFapbLIall, TOMEH/ICY1 IEMEK, OHBIH aybITKYbI
MBIC YHTaKTapbIHBIH COJI COTTE TYy3UIyiHE OKENEeTIHJIrl J>KalblHIAa KOPBITHIHIBI JKacayFa MYMKIHIIK Oepei.
KyNpOHOHIap/IBIH KOHIIEHTPALMSCH MBIC STEKTPO/IBIHBIH IIOTEHIHANBIHA TOYENIi sKoHe OHBIH aybITKybl Cu’es Cu’
+ € peakuusIChIHbIH TeTe-TeH/IITH OHFa HEMECE COJIFA BIFBICTHIPYBI MYMKiH. OHAIPICTIK jKaFaaiia Ti30€KTeri TOKThIH
MOJIIIEPIH KOHE ANEKTPOIUT TeMIEepPaTypachlH TYPaKThl TypAe ycTan Typy MyMKiH emec. Con ceOenTeH aHOATaFbl
MOTEHIMA Op COTTE€ MEPUOATHI TYPIE OPTYPJi aMIUTUTyJaMeH OeNrili MOHIe aybITKbI TYpaabl. AHOATBHIH
MOTEHIUAJIBI TePiC KaKKa Kapall BIFBICKAH COTTE YKOFAPhIIa KOPCETUIreH peakius OOMbIHIIA MBIC YHTAFBIHBIH TY31L1Y
MYMKIH/Ir TYbIHAAHABL. Bipak Ty3iireH MbIC aTOMAApbl aHOATBHIH KPUCTAIIBIK TOPbIHA KIpiM, OpHAanaca ajaMaiibl.
OCBIHBIH callapbiHaH 3JIEKTPo,] OeTiHe HaIrap KaObICKaH Maiiia AUCIIEPCTI MBIC YHTAFBI TY3UIedl, COAaH KeiiH o1ap
OipTiHAEI epITIHIIre KOIIeAl ¢, COHbIHIA [IIaM KYPaMbIHA OTE/i.

Aunrann pet 3epTTey KOHE Taujay HOTHDKeNlepl Heri3iHae MbICThl paduHanusuiay Ke3iHae HuIaM KypambIHa
OTETIH MbBIC YHTaFbIHBIH TY3LIy MeXaHHW3Mi aHbIKTAJIAbl. MBIC YHTaKTapbIHBIH Naiifa OO0k, TYHOAFa TYCII, ILIaM
KypaMbIHa OTyi — HETI3IHeH, 3JeKTPOJIM3 Ke3iHJeri aHOJ MOTEHIMAIbIHBIH ayBITKbII TYPYBIMEH JKOHE 3JIEKTPO.
OeriHzeri op ayMakTa opTYpJii MOTEHIHAI AP IbIH KaJIbINTACYbIMEH TiKeJIeH OaiilaHbICThI €KEeHI KOpCeTiIIi.

Kiar ce3mep: Mbic, yHTaK, KyIpOWOH, IIIaM, padUHALWS, IOTEHINAJN, OJJIEKTPOIN3, AaHOMA, KaToZ,
AIIEKTPOJIHUT, TOTHIKCHI3IaHY
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BJIMSAHUE KYITPOMOHOB HA OBPA30OBAHHUE ME/IHBIX ITOPOIIIKOB
ITPA 3JIEKTPOPA®PUHUPOBAHHNUN MEJIN

AnHotanus. llenpio maHHOM paboOTHl SBWIOCH OMNpeIeNeHHE IyTel (OPMHPOBAHMS MOPOIIKOB MEIH,
MPOHMKAIOIIUX B COCTAaB IlIaMa IMPH TMOJY4YeHHUH MeAu sekTpopaduHupoBanueM. VccnenoBaHus MPOBOIMIMCH
METOJIOM 3JICKTPOJIM3a B TalbBAaHOCTATHMYECKUX YCIOBHSX W METOJOM HM3MEPEHHs IOTCHIHAIOB C MOMOIIbIO
notenimoctata Autolab PGSTAT 302. Temmeparypa U3MeHsJIach B WHTEpBae 25-75°C. KOHUEHTpaLMIO0 HOHOB
MEJIM B PAaCTBOpax IOCIE AIEKTPOIN3a ONPEIENISUId METOJO0M MOTEHIIHOMETPUIECKOT0 TUTpoBaHus. [loka3aHo, 4To
nonbl Meu (II) B cepHOKHCIBIX pacTBOpax B mpucyTcTBUHM HOHOB TuTaHa (I1I) BoccranaBnmBaioTcs ¢ 0Opa3oBaHHEM
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AJIEMEHTHOH Meau B Buie mnopoiuka. OnpeneneHbl GOpMbl U pa3Mepbl YacTHIl 00Pa30BABIIMXCS TOPOLIKOB MEAN
ANIEKTPOHHO-MHUKPOCKOITUIECKAM METOJOM. Pe3ysibTaThl HCCIEIOBAHUS TIOKA3alHM, YTO TMPEANONIOKEHHS O
BO3MOKHOCTH (hOPMHUPOBAHHS HOPOIIKOB BCIIEACTBHE MEXAHWYECKOTO OCHIIAHMS IPU aHOIHOM PAaCTBOPEHHUU MEIN
HE TTOATBEPKAAIOTCS.

Pe3ympraTel HamMX WMCCIEIOBAHWN TO3BOJIAIOT CAENATh 3aKII0YEHHE O TOM, YTO IIOTCHLHAl aHOAa
MOBBIIIAETCS, 3aTEM TOHIKAETCS, CIIEA0BATEIBHO, TIOCTOSIHHO KOJEOIEeTCS M MPUBOAUT K 0OPa30BaHHIO ITOPOIIKOB
MeaH B 3TOT MOMEHT. KoHIleHTpanus KynpOoHOHOB 3aBHCUT OT MOTEHIIMAja METHOTO JIEKTPOAA U ero KoyiebaHne
MOJKET CHOCOOCTBOBaTh CABHTY PAaBHOBECHS PEAKIHH Cu’ & Cu" + e BnpaBo mmi BieBO. B MPOMBIIIICHHBIX
YCIIOBHSIX BEIMYHMHY TOKA B IIETIM ¥ TEMIIEPATYPY JIEKTPOINTA HEBO3MOXKHO MOAEPKUBATh MTOCTOSHHBIMH. [0 31O
MPUYNHE MPOUCXOTUT MEPHOANYECKOe KojieOaHMe MOTEHIMala aHoAa C Pa3IMYHOW aMIUTUTYAOH dacToTod. Ilpm
CMELICHUH MOTEHIIMalla aHOJIa B OTPULATENIbHYIO 00JIACTh BO3MOXKHO OOpa3oBaHUE MOPOLIKA MEAU MO0 yKa3aHHON
BhIme peakmuu. OnHaKo 00pa30BaBIIMECs aTOMBI MEIH HE MOTYT BHEAPHUTHCA B KPUTAIUIMYECKYIO PELIETKY aHO.A.
BcnenctBre 3TOro Ha MOBEPXHOCTH AJIEKTPOAA 00pa3yroTCS MEIKOIUCIIEPCHBIE MOPOIMIKH MEIW, OHU ITOCTEINCHHO
MEPEXOIST B PACTBOP H MOCJIE MPOHUKAIOT B COCTAB [ITaMa.

BriepBrie Ha OCHOBaHHMHM PE3yJIHTATOB UCCIIEIOBAHUN M aHAIN3a YCTAaHOBJIECH MEXaHH3M 00pa30BaHMUS TOPOIIKOB
MeaH, MPOHUKAIOMIMX B COCTaB IITaMa IMpH 3JeKTpopaduarpoBanun Menu. Ilokasano, 9to oOpa3oBaHHe MOPOIIKOB
MeaH, MPOHUKHOBEHHE WX B COCTAB IIJIaMa, B OCHOBHOM, HAIIPSIMYIO CBS3aHO C KOJIeOaHMSIMH MOTSHIHANA aHOAA B
npolecce IJIEKTpoin3a M (OPMUPOBAHHEM pa3lUYHBIX 3HAYCHHI [OTEHIMAla Ha Pa3IMYHBIX Yy4acTKax
MTOBEPXHOCTH 3JIEKTPOJIA.

KiroueBble cioBa: Menp, MOPOIIOK, KyHNPOHMOH, IUIaM, padUHALNNS, MOTEHIHAN, JIEKTPONIN3, aHOJ, KaTO,
ANIEKTPOJIUT, BOCCTAHOBIICHHE
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