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NAS RK is pleased to announce that News of NAS RK. Series of chemistry and 

technologies 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 chemistry and technologies in 
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant 
and influential content of chemical sciences to our community. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабарлары. Химия жəне 

технология сериясы" ғылыми журналының Web of Science-тің жаңаланған нұсқасы Emerging 
Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл индекстелу барысында 
Clarivate Analytics компаниясы журналды одан əрі the Science Citation Index Expanded, the Social 
Sciences Citation Index жəне the Arts & Humanities Citation Index-ке қабылдау мəселесін 
қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен мекемелерге контент 
тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Химия жəне технология сериясы  Emerging 
Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті жəне беделді химиялық ғылымдар 
бойынша контентке адалдығымызды білдіреді.   

 
 
НАН РК сообщает, что научный журнал «Известия НАН РК. Серия химии и технологий» был 

принят для индексирования в Emerging Sources Citation Index, обновленной версии Web of Science. 
Содержание в этом индексировании находится в стадии рассмотрения компанией Clarivate 
Analytics для дальнейшего принятия журнала в the Science Citation Index Expanded, the Social 
Sciences Citation Index и the Arts & Humanities Citation Index. Web of Science предлагает качество и 
глубину контента для исследователей, авторов, издателей и учреждений. Включение Известия 
НАН РК в Emerging Sources Citation Index демонстрирует нашу приверженность к наиболее 
актуальному и влиятельному контенту по химическим наукам для нашего сообщества. 
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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 Cu0 ↔ 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 – 4.0 Ni – 0.05 – 0.5  
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Ag – 3 – 55 Bi – 0.001 – 0.5 SiO2 – 0.3 – 7.0  
Au – 0.05 – 4.0 Se – 2 – 28 SO4

2- – 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]: 

 

 2Сu+→ ↓Сu0 + Сu2+  (1) 
 

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: 

 

 Сu2+ + 2Ті3+ → ↓Сu0 + 2Ті4+  (2) 
 

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 → Cu0, 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. 
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                                                        a                                                                                    b 

 
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) 250С;b) 900С; 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 / m2.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 / m2 (Figure 2). From this figure, the formation of a copper powder 
from homogeneous particles of 1μm 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 Cu0↔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. 

 

 
 

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 + + e → Cu0, 
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). 

 

 
 

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 ([Cu+])/Е = 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 + + e → Cu0 

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 m2, and the thickness of the diffusion layer is δ = 10-3 cm [17]. 

Using these values, it is possible to calculate the diffusion layer’s total volume: V= Sl ·δ = 148000 дм2 

· 0.0001 дм = 14.8 L. The total amount of copper in each series, formed by the reverse ionization reaction, 
for 20 days: 

 
 Р = 14.8 · 20.189 = 299.597 kg (6) 
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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→ Cu0 (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: 

 
 Cu+ Cu2+ → 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 Cu2+ and 150 g/L 

H2SO4,t= 600С, current density = 240 A/m2, electrode surface area = 6 cm2, 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, 10-3 mg in terms of dissolved copper,% 
0 

30 
60 
100 

0.079 
0.201 
0.798 
0.824 

0.012 
0.030 
0.120 
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 



Известия Национальной академии наук Республики Казахстан  
  

   
48  

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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ЭЛЕКТРОРАФИНАЦИЯЛАУ КЕЗІНДЕ МЫС ҰНТАҚТАРЫНЫҢ 
ТҮЗІЛУІНЕ КУПРОИНДАРДЫҢ ƏСЕРІ 

 
Аннотация. Бұл жұмыстың мақсаты мысты электрорафинация əдісімен алу кезінде шлам құрамына 

өтетін мыс ұнтағының түзілу жолдарын анықтау болып табылады. Зерттеулер гальваностатикалық жағдайда 
электролиз жүргізу арқылы жəне Autolab PGSTAT 302 потенциостаты көмегімен потенциалдар өлшеу 
əдісімен жүргізілді. Температура 25-750С аралығында өзгертілді. Электролизден кейінгі ерітінділердегі мыс 
иондарының концентрациясы потенциометриялық титрлеу əдісімен анықталды. Мыс (ІІ) иондарының 
күкіртқышқылды ерітінділерде титан (ІІІ) иондарының қатысында тотықсызданып, элементті мыс - ұнтақ 
күйінде түзілетіні көрсетілді. Түзілген мыс ұнтақтарының бөлшектерінің формасы, өлшемдері электрондық 
микроскопия əдісімен анықталды. Зерттеу нəтижелері ұнтақтардың анодтың еруі кезінде механикалық үгілу 
салдарынан түзілуі туралы болжам расталмады.  

Біздің тəжірибелеріміздің нəтижелері анод потенциалының жоғарылап, төмендеуі демек, оның ауытқуы 
мыс ұнтақтарының сол сəтте түзілуіне əкелетіндігі жайында қорытынды жасауға мүмкіндік береді. 
Купроиондардың концентрациясы мыс электродының потенциалына тəуелді жəне оның ауытқуы Cu0↔ Cu+ 
+ е реакциясының тепе-теңдігін оңға немесе солға ығыстыруы мүмкін. Өндірістік жағдайда тізбектегі токтың 
мөлшерін жəне электролит температурасын тұрақты түрде ұстап тұру мүмкін емес. Сол себептен анодтағы 
потенциал əр сəтте периодты түрде əртүрлі амплитудамен белгілі мəнге ауытқып тұрады. Анодтың 
потенциалы теріс жаққа қарай ығысқан сəтте жоғарыда көрсетілген реакция бойынша мыс ұнтағының түзілу 
мүмкіндігі туындайды. Бірақ түзілген мыс атомдары анодтың кристалдық торына кіріп, орналаса алмайды. 
Осының салдарынан электрод бетіне нашар жабысқан майда дисперсті мыс ұнтағы түзіледі, содан кейін олар 
біртіндеп ерітіндіге көшеді де, соңында шлам құрамына өтеді.  

 Алғаш рет зерттеу жəне талдау нəтижелері негізінде мысты рафинациялау кезінде шлам құрамына 
өтетін мыс ұнтағының түзілу механизмі анықталды. Мыс ұнтақтарының пайда болып, тұнбаға түсіп, шлам 
құрамына өтуі – негізінен, электролиз кезіндегі анод потенциалының ауытқып тұруымен жəне электрод 
бетіндегі əр аумақта əртүрлі потенциалдардың қалыптасуымен тікелей байланысты екені көрсетілді.  

Кілт сөздер: мыс, ұнтақ, купроион, шлам, рафинация, потенциал, электролиз, анод, катод, 
электролит,тотықсыздану 
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ВЛИЯНИЕ КУПРОИОНОВ НА ОБРАЗОВАНИЕ МЕДНЫХ ПОРОШКОВ 
ПРИ ЭЛЕКТРОРАФИНИРОВАНИИ МЕДИ 

 
Аннотация. Целью данной работы явилось определение путей формирования порошков меди, 

проникающих в состав шлама при получении меди электрорафинированием. Исследования проводились 
методом электролиза в гальваностатических условиях и методом измерения потенциалов с помощью 
потенциостата Autolab PGSTAT 302. Температура изменялась в интервале 25-750С. Концентрацию ионов 
меди в растворах после электролиза определяли методом потенциометрического титрования. Показано, что 
ионы меди (ІІ) в сернокислых растворах в присутствии ионов титана (ІІІ) восстанавливаются с образованием 
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элементной меди в виде порошка. Определены формы и размеры частиц образовавшихся порошков меди 
электронно-микроскопическим методом. Результаты исследования показали, что предположения о 
возможности формирования порошков вследствие механического осыпания при анодном растворении меди 
не подтверждаются.  

Результаты наших исследований позволяют сделать заключение о том, что потенциал анода 
повышается, затем понижается, следовательно, постоянно колеблется и приводит к образованию порошков 
меди в этот момент. Концентрация купроионов зависит от потенциала медного электрода и его колебание 
может способствовать сдвигу равновесия реакции Cu0 ↔ Cu+ + е вправо или влево. В промышленных 
условиях величину тока в цепи и температуру электролита невозможно поддерживать постоянными. По этой 
причине происходит периодическое колебание потенциала анода с различной амплитудой частотой. При 
смещении потенциала анода в отрицательную область возможно образование порошка меди по указанной 
выше реакции. Однако образовавшиеся атомы меди не могут внедриться в криталлическую решетку анода. 
Вследствие этого на поверхности электрода образуются мелкодисперсные порошки меди, они постепенно 
переходят в раствор и после проникают в состав шлама.  

Впервые на основании результатов исследовании и анализа установлен механизм образования порошков 
меди, проникающих в состав шлама при электрорафинировании меди. Показано, что образование порошков 
меди, проникновение их в состав шлама, в основном, напрямую связано с колебаниями потенциала анода в 
процессе электролиза и формированием различных значений потенциала на различных участках 
поверхности электрода.  

Ключевые слова: медь, порошок, купроион, шлам, рафинация, потенциал, электролиз, анод, катод, 
электролит, восстановление 
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