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ElEctrochEmical mEthod of coppEr powdEr SynthESiS on rotating ElEctrodE  
in thE prESEncE of SurfactantS

this paper presents a method of synthesizing copper powders by electrochemical method with the use of a rotating working 
electrode. the influence of the rotation speed of the working electrode, the current density, the concentration of copper ions, and 
the addition of ethylene glycol on the shape, size, and size distribution of the obtained powders were investigated. Properties of the 
synthesized powders were characterized by scanning electron microscopy (SEM) and X-ray powder diffractometry (XRD). it has 
been shown that it is possible to obtain copper powders with a size of 1 µm by an electrochemical method using the rotary cathode, 
in sulphate bath with addition of ethylene glycol as a surfactant. increasing current density causes a decrease in the average size of 
the obtained powder particles. the addition of 2.5% of ethylene glycol prevents the formation of dendritic powders. the change in 
the concentration of copper ions in the range from 0.01 to 0.15 mol/dm3 in the electrolyte did not show any significant effect on the 
size of obtained particles. however, higher concentrations of copper limiting the presence of dendritic-shape particles. changing 
the speed of rotation of the electrode affects both the size and the shape of synthesized copper powder. For the rotational speed of 
the electrode of 115 rpm, the obtained powders have a size distribution in the range of 0-3 µm and an average particle size of 1 µm. 
the particles had a polygonal shape with an agglomeration tendency. 
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1. introduction

Powder metallurgy is a method of producing elements made 
of metallic or non-metallic powders, without a liquid-solid phase 
transition. Fine particles of metal powder are combined into 
a shaped mass as a result of an annealing and pressing process 
in an inert or reducing atmosphere [1,2]. the process of manu-
facturing components made of metal powders is an economical 
method for fabrication of small size parts and simple shapes, 
as a result of which compacted elements are obtained. it is also 
worth mentioning the additive technology, better known as 3D 
printing. the process uses a laser beam to sinter the powder 
particles into a given shape, layer by layer. this solution does not 
require expensive dies and allows for the production of almost 
any shape. however, this application requires powders of very 
small size and a narrow size distribution. Particles with a size 
of 1 µm +/– 0.5 µm with a spherical shape are most preferred 
for additive technologies. [3-6].

Powders of copper and its alloys are of particular interest 
due to their physicochemical properties. high thermal and electri-
cal conductivity, plasticity, and good catalytic and bactericidal 
properties make copper and copper alloys widely used in powder 
metallurgy. Currently, copper powders are produced by methods 
such as: atomization, chemical reduction of oxides or carbonates, 
and electrochemical methods [7,8].

the production of copper powders by electrochemical re-
duction is one of the most promising techniques. by adjusting 
the current parameters, electrolyte composition, and electrode 
material, it is possible to control the size of the obtained powders 
in a relatively wide range. in classical copper electrolysis, the aim 
is to obtain solid cathode deposits. in the case of electrochemi-
cal preparation of powders, the aim is to synthesize the powder 
material with the smallest possible size of single particles. such 
a powder shows technical properties allowing for the produc-
tion of objects with good accuracy and compaction. Moreover, 
the smaller the grain size of the powder, the greater the specific 

1 aGh UnivERSity of SciEncE anD tEchnoloGy, facUlty of non-fERRoUS MEtalS, al. MicKiEWicza 30, 30-059 KRaKoW, PolanD
2 cbRtP Sa RESEaRch anD DEvEloPMEnt cEntER of tEchnoloGy foR inDUStRy, lUDWiKa WaRyńSKiEGo 3a, 00-645 WaRSzaWa, PolanD

* Corresponding author: marekw@agh.edu.pl 

BY NC

© 2023. the author(s). this is an open-access article distributed under the terms of the creative commons attribution-noncom-
mercial license (cc by-nc 4.0, https://creativecommons.org/licenses/by-nc/4.0/deed.en which permits the use, redistribution of 
the material in any medium or format, transforming and building upon the material, provided that the article is properly cited, the 
use is noncommercial, and no modifications or adaptations are made.



376

surface area, which is a certain difficulty in processing due to 
the tendency to surface oxidation, but, on other hand it improves 
its catalytic and technological properties.

however, in order to obtain a powdery cathode deposit, it is 
necessary to maintain a high current density during the process 
with a low concentration of copper ions [9]. Due to the relatively 
low overpotential for hydrogen evolution on copper, amounting 
to 590 mv for the sulphate electrolyte [10] , it leads to a competi-
tive hydrogen evolution reaction at the cathode, which reduces 
the current efficiency of the process. Moreover, the emitted 
bubbles of hydrogen negatively affect the quality of the copper 
powder deposit. the hydrogen evolution on the copper cathode 
deposit increases the porosity of the copper powder deposit. 
the hydrogen bubble physically blocks the access of the cop-
per surface from the electrolyte, therefore no electrolysis takes 
place here. as a result, craters form where the hydrogen bubbles 
occur [10-12]. this increases the development of the surface of 
the resulting powder, making it more susceptible to oxidation. 
these phenomena are a serious limitation for the process.

the solution to this problem may be related to modifica-
tion of the electrolyte composition or the physical parameters 
of the electrodeposition process. in the scientific literature, the 
influence of current density, electrolyte composition, and con-
centration [13-16] on the efficiency of the electrolysis process 
has been considered. it is also well known, that the temperature 
and mixing of the solution also affect the kinetics of chemical 
and electrochemical reactions, which is confirmed by a literature 
review [14].

an interesting idea was provided by the authors of the 
publication, who proposed to conduct electrolysis under a super 
gravitational field. under these conditions, the concentration 
polarization of Cu2+ ions decreases and thus the current efficiency 
of the process increases [17]. 

the influence of organic additives on the electrolysis 
process and the quality of the obtained copper powder was also 
investigated, which shows that some of them allow for obtain-
ing smaller copper particles while maintaining a relatively high 
current efficiency [18]. this phenomenon is commonly used 
in classical bulk copper electrolysis. additives like glycerol or 
other polyols increase the cathode overpotential and counteract 
hydrogen co-evolution [19-22]. in this way, they increase the ef-
ficiency of electrolysis and make it possible to maintain a higher 
current density.

in the literature, mechanical improvements to the electro-
lytic synthesis of copper powders, such as an electrode from 
a rotating disk or cylinder, have also been proposed [23-26]. in 
this version of the process, the cathode in cylindrical shape ro-
tates, partially immersed in the electrolyte. the cathodic reaction 
runs only in the part immersed in the electrolyte, while in the part 
not immersed in the electrolyte, the reaction theoretically stops. 
thanks to this, with an appropriately selected rotational speed, 
it should be possible to capture and separate the powder from the 
cathode immediately after nucleation, before it has time to grow 
into much larger particles in the further stages of electrolysis. in 
this case, organic additives were also used.

the powder synthesis technology proposed in the work 
below is characterized by a hydrodynamic system. the solu-
tion we propose has a much greater impact on the diffusion and 
thus mass and charge transport during electrolysis compared 
to a static system with mixing. this may be of key importance 
for the quality of the obtained cathode deposits, with particular 
emphasis on powders. the aim of this work is to investigate the 
effect of cathode density, the concentration of copper ions in the 
electrolyte, as well as the addition of glycol and the rotational 
speed of the cylindrically shaped electrode on the size, shape 
and size distribution of the obtained copper particles. 

ultimately, the research will aim to obtain particles with 
a size of 1 µm +/– 0.5 µm and a spherical shape as a substrate 
for additive technologies.

2. Experimental

the MCP M10-sP-3020e laboratory power supply was 
used to power the electrolyzer. a container made of Pvc, char-
acterized by high resistance to sulfuric acid, was used as the 
electrolyzer tank. a stainless-steel (austenitic, grade 316) tubular 
electrode with an external diameter of 70 mm and a wall thick-
ness of 2 mm was used as the rotating cathode. an aluminum 
rod was used to make the axes of the rotating electrode, which 
was mounted on graphite bearings with very good electrically 
conductive properties and good lubricating properties, which 
allowed to obtain a low resistance to rotation of the cylinder. 
this cathode conducts electricity well and it is resistant to the 
sulphuric acid. the electrolyzer constructed in this way was con-
nected with a laboratory stirrer, which allowed for the electrode 
rotation. this is shown schematically in Fig. 1a-b.

an important element of the system was a rubber squeegee, 
which was used to remove the micropowder from the roller sur-
face in order to prevent further grain growth (Fig. 1C).

the anode was made of 99.99% pure copper. Unless other-
wise stated, the electrolyte contained 0.5 mol/dm3 h2so4 (p.a., 
chempur 95%). the effect of surfactants was tested. for this 
purpose, ethylene glycol (p.a., chempur 99,9%) was added to 
the bath in selected experiments. some copper sulfate was also 
added to the electrolyte. unless otherwise stated, this content was 
0.15 mol/dm3 and the rotational speed was variable in the range 
from 0 to 201 rPM. the effect of the cathode current density 
for three current densities was investigated for 0.26; 0.39, and 
0.52 a/cm2. the duration of the electrolysis was 300 s in each case. 

in order to determine the current density, it was necessary 
to calculate the surface area of the electrode immersed in the 
electrolyte and the immersion time of a given cathode point. 
Knowing the diameter of the cylinder and the immersion depth, 
it is possible to calculate the surface area of the electrode in the 
electrolyte (fig. 1D). it was calculated that the surface area of 
the electrode immersed in the electrolyte was 38.0 cm2. the 
surface area of the anode was 38.5 cm2.

to determine the actual duration of the electrolysis, it is 
necessary to calculate the residence time of the theoretical elec-
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trode point moving in the electrolyte. Knowing the arc length 
of the cylinder immersed in the electrode (29.2 mm), it can be 
calculated that for the rotational speed of 115 rpm, the time 
during which a given point of the electrode will be immersed in 
the electrolyte is 0.069 s. after this time, the electrolysis will be 
interrupted and the obtained cathode deposit will be collected 
by the mounted scraper, followed by subsequent rotation of the 
electrode roller.

the particle size and shape of the powders obtained were 
examined with a su-70 scanning electron microscope. the 
particle size measurement was carried out in accordance to the 
Pn-84 / h-04956 standard (EUR 20268 En). the particle crys-
tallography was investigated by XRD Rigaku. image analysis 
was performed in imagej software. 

3. results 

3.1. the influence of current density  
on the particles size

Fig. 2. shows that increasing current density from 0.26 to 
0.52 a/cm2 has significant impact on average particle size of the 
obtained cathodic deposit. Moreover, if we consider the particle 
size distribution of each powder, it can be noticed that contribu-
tion of different particle sizes changes significantly on the influ-
ence of different current density. For the sample obtained with 
a current density of 0.26 a/cm2 the size of the powders ranges 
from 0.5 to 6.5 μm. about 70% of the powders are between 

1.5 μm and 3.5 μm in size. in the range of 1 μm (+/– 0.5 μm) we 
are the most interested in, only 16% of the produced powders 
is received. the copper powder obtained at the cathodic current 
density of 0.39 a/cm2 has an average particle size ranging from 
0.5 to 6.5 µm. approximately 34% of the produced powder 
is in the range of 0.5 µm to 1.5 µm. For a current density of 
0.52 a/cm2, the particle size is in the range of 0.5 to 2.5 µm, 
with as much as 80% in the range of 0.5 to 1.5 µm. 

fig. 1. a) view of the experimental setup, b) working electrode, c) working electrode 1. SS316 surface, 2. PtfE sealing, 3 aluminum rod – sup-
plying electricity to the working electrode, 4. welt – to remove products from electrode, D) geometry of the electrode cross-section
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Fig. 2 effect of current density on the average size of the obtained copper 
powder particles. the current density was 0.26; 0.39, and 0.52 a/cm2. 
the cathode rotational speed was 115 rPM, the copper concentration in 
the electrolyte was 0.15 mol/dm3. the electrolyte contained 2.5% vol. 
ethylene glycol. the duration of the electrolysis was 300sec
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in order to determine the shape of the obtained copper 
particles, seM micrograph was performed for each sample 
(micrographs not included in the manuscript). regardless of the 
current density, the particles in every sample show a polyhedral 
shape and form agglomerates.

3.2. the influence of addition of surfactants  
on particles size

to determine the effect of surfactant on the quality of copper 
cathode deposits formed during electrolysis, a series of experi-
ments using ethylene glycol were carried out.

the copper ions concentration in the electrolyte was 
0.1 mol/dm3. concentrated sulfuric acid (vi) was also added to the 
solution in the amount of 0.5 mol/dm3. the duration of the process 
was 300 s and the rotational speed of the cathode was 115 rpm.

the experiments were carried out for the same current 
densities as in the previous point: 0.26; 0.39; 0.52 a/cm2 in the 
version with the addition of 25 cm3 of glycol per 1 dm3 electrolyte 
and in the version without this additive.

as shown in fig. 3 and fig. 4 the influence of the addition 
of ethylene glycol on the average size of the obtained copper 
particles is significant. For each current density used, the aver-
age powder size in the glycol series was smaller than in the 
non-glycol series. this relationship is clearly visible on the 
attached trend lines.

For the experimental series carried out for a current density 
of 0.26 a/cm2, the particle size of the copper powder is in the 
range from 0.5 to 5.5 µm (fig. 4). Slightly over 30% of powders 
have a size from 0.5 to 1 µm. With the same current density, but 
with the addition of 25 cm3 of ethylene glycol, already more than 
65% of the measured particles are within this range (fig. 4).

there is also a dependence of the shape of the obtained 
copper particles on the presence of a surfactant. the seM test 
shows that the particles obtained with the method without glycol 
have a dendritic shape and are loosely bound together (Fig. 5). 

on the other hand, the addition of glycol to the process produces 
agglomerates of particles with a polyhedral shape.

increasing the current density during the process to 
0.39 a/cm2 leads to an increase in the particle size distribution 
for a process conducted without glycol (histograms not included 
in the manuscript). the grain size of the powder obtained in 
the experiment with the addition of glycol is in the range from 
0.5 to 3 µm (Fig. 6). about 65% of the measured particles are 
between 0.5 and 1.5 µm, although, there are also particles larger 
than 9 µm. the powders obtained in this experiment are mostly 
flake-shaped, but among them there are also particles having 
a polyhedral and granular shape.

the addition of glycol to electrodeposition at the current 
density 0.39 a/cm2 leads to a significant reduction in particle 
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fig. 4. Grain size distribution: 0.26 a/cm2, no added glycol (left), 0.26 a/cm2, with addition of 2.5% vol. glycol (right). the cathode rotational 
speed was 115 rPM, the copper concentration in the electrolyte was 0.1 mol/dm3. the duration of the electrolysis was 300sec
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 fig. 3. influence of the addition of ethylene glycol on the average size of 
the obtained copper powder particles for different current densities. the 
current density was 0.26; 0.39, and 0.52 a / cm2. the cathode rotational 
speed was 115 rPM, the copper concentration in the electrolyte was 
0.1 mol/ dm3. the duration of the electrolysis was 300sec
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Fig. 5. seM micrographs of copper powder obtained at 0.26 a/cm2, without addition of ethylene glycol. the cathode rotational speed was 
115 rPM, the copper concentration in the electrolyte was 0.1 mol/dm3. the duration of the electrolysis was 300sec

size. about 8% of the powder is less than 0.5 µm. as much 
as 88% of particles in the obtained powder, is within the size 
range from 0.5 µm to 1.5 µm. the particles obtained under these 
conditions have a polyhedral shape and a strong tendency to 
agglomerate (Fig. 6).

the powders obtained with the electrolyte with copper con-
centration of 0.01 mol/dm3, current density 0.29 a/cm2, without 
the addition of ethylene glycol, were analyzed using the XrD 
method. the obtained results are presented in Fig. 7.

From the obtained results we can differentiate the diffraction 
peaks corresponding to the metallic copper Cu (111), Cu (200) 
and Cu (220) respectively. by the identification of Cuo (111) 
and Cuo (202) peaks, the presence of the copper oxide has been 
confirmed. using the scherrer equation (1), the grain size was 
calculated (table 1).

 *
*cos
kd 

 
   (1)

where: d – particle size in nm, Kα – 0.94; λ – 0.1541 nm; β – half-
width of the peak, cosθ – position of the highest point of the 
peak, given in degrees.

if a particle size obtained from the SEM analysis coincides 
with the particle size value obtained from the XrD analysis, it 

may suggest that these particles are monocrystalline. the aver-
age particle size obtained from SEM analysis equals 0.99 µm 
and the average crystalline size obtained from the scherrer’s 
equation was equal to 0.74 µm (σ = 0.39 µm). comparing the 
results, one can conclude that a large fraction of obtained pow-
ders is monocrystalline. Despite the similarity of these results 
and the characteristic shape of the obtained particles, it cannot 
be unequivocally stated that they are monocrystalline particles, 
due to the fact, that scherrer’s equation does not show sufficient 
accuracy for such a large crystalline size. What is more, such 
an analysis is difficult in this case, due to the relatively wide 
distribution of particle size. this issue requires further research 
using more sophisticated methods.

table 1

Grain size obtained from XrD analysis of copper powder  
synthesized with the electrolyte with copper concentration  

of 0.01 mol/dm3, current density 0.29 a/cm2, without addition  
of ethylene glycol

cuo(002) cuo(111) cu(111) cu(200) cuo(20–2) cu(202)
0.90 [µm] 1.06 [µm] 0.83 [µm] 0.25 [µm] 0.37 [µm] 0.3 [µm]
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3.3. the influence of copper (ii) ions concentration  
on the particles size and shape

in order to investigate the influence of the concentra-
tion of copper ions on the size and shape of the synthesized 
copper powders, a series of experiments was carried out 
for the concentration of copper ions in the electrolyte in the 
amount of: 0.01 mol/dm3; 0.05 mol/dm3; 0.075 mol/dm3;  
0.15 mol/dm3.

concentrated sulfuric acid (vi) was also added to the solu-
tion in the amount of 0.5 mol/dm3. the duration of the process 
was 300 s and the rotational speed of the cathode was 115 rpm. 
Current density was 0.52 a/cm2 for each experiment. all experi-
ments were carried out with the addition of ethylene glycol in 
the amount of 25 cm3 per liter of solution.

as can be observed in Fig. 8 the concentration of copper 
ions in the tested range have almost no influence on the average 
particle size of the obtained copper powders. 

A) A’) 

B) 

C) 

B’) 

C’) 

Fig. 6. seM micrographs of copper powder obtained at: a) 0.26 a/cm2 without addition of ethylene glycol, a’) 0.26 a/cm2, with addition of 2.5% 
vol. ethylene glycol, b) 0.39 a/cm2 without addition of ethylene glycol, b’) 0.39 a/cm2 with addition of 2.5% vol. ethylene glycol, C) 0.52 a/cm2 
without addition of ethylene glycol, C’) 0.52 a/cm2 with addition of 2.5% vol. ethylene glycol. the cathode rotational speed was 115 rPM, the 
copper concentration in the electrolyte was 0.1 mol/dm3. the duration of the electrolysis was 300sec
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Fig. 8. effect of concentration of copper ions in the electrolyte, on 
the average size of the obtained copper powder particles. the cathode 
rotational speed was 115 rPM, the concentration of copper ions in 
the electrolyte in the amount of: 0.01 mol/dm3; 0.05 mol/dm3; 0.075 
mol/dm3; 0.15 mol/dm3. the duration of the electrolysis was 300sec. 
Current density was 0.52 a/cm2. the electrolyte contained 2.5% vol. 
ethylene glycol

this is probably due to the fact that the rotational movement 
of the electrode eliminates or strongly limits the phenomenon 
of the stationary layer at the electrode surface. For this reason, 
the process is not in the area of diffusion control. seM analysis 
showed, however, that the concentration of copper in the elec-
trolyte influences the particles shape.

the conducted experiments have shown that the lowest 
studied concentration of copper (ii) ions in the electrolyte 
(0.01 mol/dm3) allows obtaining homogeneous powders. the 
particles are multi-sided and their surface is smooth and free 
from fraying. however, they tend to agglomerate. the particle 

size distribution of the obtained powder is in the range of 0-3 µm. 
Percentage of particles with a size 0.5 ± 1 µm is over 65%.

increasing the electrolyte concentration to 0.05 mol/dm3 
caused a significant change in the shape and size of the obtained 
powders compared to the concentration of 0.01 mol/dm3. the 
most common there are dendritic-shaped particles. there are 
also coniferous / fibrous particles. some of them are clumped 
together. obtained powders are in the range from 0 to 2.5 µm. 
about 65% of them are below 1 µm. Particles from 0.5 to 1.0 µm 
have the largest share and it approaches 45%. Particles with a size 
of 1 ± 0.5 µm represents approx. 65%.

When using an electrolyte with a copper concentration 
of 0.075 mol/dm3, the obtained particles have a polyhedral, 
fragmented shape, and only a few of them are globular. as with 
lower concentrations, the particles stick together and form ag-
glomerates. the vast majority of the measured particles are up 
to 0.5 µm. only 23% are larger than 0.5 µm. the particle size 
distribution is irregular in the range between 0 and 4.5 µm.

the use of an electrolyte with a copper concentration of 
0.15 mol/dm3 made it possible to obtain powders of a polyhedral 
shape. no other shape was observed. the particles form ex-
panded agglomerates. the most common size range is 0.5-1 µm, 
which is 73%. at this electrolyte concentration, the obtained 
particles are in the range of 0-2.5 µm.

3.4. Electrode rotation speed

a series of experiments with different rotational speeds of 
the electrode was carried out. in each case, the concentration of 
copper ions in the electrolyte was 0.01 mol/dm3, and the cur-
rent density was 0.52 a/cm2. as in the previous experiments, 
0.5 mol/dm3 sulfuric acid was in the electrolyte bath. all series 
of experiments were carried out with the addition of ethylene 
glycol in the amount of 25 cm3 per liter of solution. the duration 
of each cycle was 300 s. 

under these conditions, a series of experiments were car-
ried out for the rotational speeds of the cylindrical electrode, 
respectively: 0; 39, 115, 162, 201 RPM.

fig. 9 shows the average particle sizes of the powders from 
the performed syntheses. the dependence on the rotational speed 
of the electrode has a more complicated model here. the plot 
line shows oscillations, but the trend line attached in the figure 
suggests that with the increase in rotational speed, the average 
size of the obtained copper powders decreases.

in the first case, the powders obtained from electrolysis 
without cylinder rotation were considered. this is to compare 
how the morphology of the powders changes as a result of the 
increase in the speed of rotation to the powders obtained without 
the use of a rotating electrode. seM analysis (Fig. 10) showed 
that, in the absence of rotation, the obtained powders have mainly 
a polyhedral shape and to some extent a dendritic shape. there 
was a tendency to agglomerate. the particle size ranges from 0.5 
to 6.5 µm, however, powders larger than 4 µm are a significant 
minority. the largest number (about 27%) of powder particles 

Fig. 7. XrD pattern of copper powder synthesized with the electrolyte 
with copper concentration of 0.01 mol/ dm3, current density 0.29 a/ cm2, 
without addition of ethylene glycol
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is from 2 to 2.5 µm. the grain size of 1 ± 0.5 µm is only a share 
of the order of 20%.

the current density was 0.52 a/cm2. the cathode rotational 
speed was 0; 39, 115, 162, 201 RPM, the copper concentration 
in the electrolyte was 0.01 mol/dm3. the duration of the elec-

trolysis was 300sec. the electrolyte contained 2.5% vol. ethylene  
glycol. 

When the rotation of the electrode at 39 rpm during elec-
trolysis was used, the shape and size of the particles changed. 
the tendency to agglomerate has been observed (Fig. 12a). an 
increase in the number of dendritic-shaped particles was ob-
served at the expense of polyhedral-shaped particles in relation 
to electrolysis without rotation. the analysis of the empirical 
distribution showed that the particles have a size in the range 
from 0.5 to 6.0 µm. Particles with a size of 1 ± 0.5 µm occur 
more often than in experiment without rotation, but still only the 
content of the order of 30%. Most of the tested particles from the 
obtained powder were in the size range of 1 to 1.5 µm.

after increasing the speed of the electrode to 115 rpm, it 
results that the particles of dendritic shape practically do not 
occur. the vast majority are particles with a polyhedral shape 
(Fig. 12b). the surface of the tested particles is smooth and 
regular, no other shapes were observed. the powders form dilated 
agglomerates. the obtained particles had a size in the range of 
0 to 3 µm. the distribution is narrow and the most common 
result is grain sizes between 0.5 and 1.0 µm, which is approxi-
mately 45%. Particles with a size in the range of 1 ± 0.5 µm are 
in amount over 65%. the particles larger than 1.5 µm in total 
constitute about 15% (Fig. 11).
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fig. 9. Effect of rotation speed of electrode on the average size of the 
obtained copper powder particles

Fig. 10. seM micrographs of copper powder obtained at 0.52 a/cm2, without electrode rotation. the copper concentration in the electrolyte was 
0.01 mol/dm3. the duration of the electrolysis was 300sec. the electrolyte contained 2.5% vol. ethylene glycol
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Fig. 11. Grain size distribution. (0.52 a/cm2, with electrode rotation 
115rPM). the copper concentration in the electrolyte was 0.01 mol/dm3. 
the duration of the electrolysis was 300sec. the electrolyte contained 
2.5% vol. ethylene glycol

at 162 rpm of the cylinder, the obtained particles have 
a polyhedral and fragmented shape. also, particles with globular 
shape begin to appear (Fig. 12C). as in the previous cases, the 
particles clump into larger clusters, but it is not as noticeable as 

when the cathode was rotating at 115 rpm. increasing the cathode 
rotational speed to 162 rpm causes the size distribution to shift 
towards higher values. there are practically no particles in the 
size range from 0 to 0.5 µm (below 3%). the most common size 
is between 1 and 1.5 µm. the percentage of powders with a size 
in the range of 1 ± 0.5 µm is almost 65%.

the powder obtained at the speed of 201 rpm is character-
ized by the dominance of the dendritic shape. there are also 
small amounts of particles with polyhedral, globular and frag-
mentation shapes. the particles stick together in medium-sized 
clusters (Fig. 12D).

the largest particles occurring are up to 5 µm. Wide distri-
bution of sizes. Powders in the 1 and 1.5 µm range are all below 
25%. the largest number of particles from the tested sample was 
in the range of 2.5 to 3.0 µm.

4. discussion

the aim of this study was to obtain copper powders with 
a size of 1 μm within the size distribution range of +/– 0.5 μm. 
this size of copper powder particles was chosen due to its poten-
tial application in 3D printing pastes. the novelty of this paper 
is based on the usage of a rotating cylinder cathode instead of 

A) B) 

C) D) 

Fig. 12. seM microphotography of copper powder obtained at 0.52 a/cm2, with electrode rotation: a) 39RPM; b) 115RPM; c) 162RPM; D) 
201rPM. the copper concentration in the electrolyte was 0.01 mol/dm3. the duration of the electrolysis was 300sec. the electrolyte contained 
2.5% vol. ethylene glycol
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a disc [27,28]. the main advantage of this solution is the same 
speed of rotation at every point of the warking electrode (this 
property is used in corrosion studies [29,30]), whereas, in the 
disc-shaped electrode, the rotating speed depends on the distance 
from the center of the electrode. such gradient could lead to the 
biger particles size distribtuion. 

the study proved that it is possible to obtain powders with 
a size of approx. 1 µm in the process of electrolytic copper 
deposition with the use of a rotating electrode in the area of 
limiting currents. this assumption was based on the observation 
of oxygen evolution reaction on the surface of the copper anode. 
Consequently, the process was under diffusion control [31]. to 
prevent this phenomenon, we propose adding a second anode 
to increase the anode reaction surface.

the conducted tests have shown that the shape and size 
of the powder are influenced by parameters such as the current 
density of electrolysis, the addition of surfactants, and the speed 
of electrode rotation. however, the change in the concentration of 
copper ions in the electrolyte did not show any significant effect 
on the size of obtained particles in the concentration range used.

the first part of the experiment was to determine the effect 
of electrolysis current density on the morphology and size dis-
tribution of the resulting powders. analyzing the above results, 
it can be concluded that with the increase of the current density, 
the average size of the obtained powders decreases, which could 
be referenced in the study of G. orhan et al. [33]. however, in 
our case shape of obtained particles remains unchanged in the 
studied spectrum of current densities. 

the aim of the second part of the experiment was to inves-
tigate the influence of a surfactant, in this case, ethylene glycol, 
on the morphology and size distribution of the obtained powders. 
after analyzing the results of the research, it can be concluded 
that the addition of a small amount of ethylene glycol to the 
electrolyte has a significant impact on the shape of the obtained 
powders. Moreover, it has been shown that this phenomenon 
works synergistically with the change of the current density. For 
each of the applied current densities, smaller average size of the 
powders in the system with the addition of glycol was obtained, 
while smaller powders were obtained for higher current densities. 
the percentage of ethylene glycol in the electrolyte was 2.5%.

the experiment proved that the addition of the surfactant 
prevents the formation of dendrite-shaped powder deposits. 
During the experiment, a reduction in the surface tension of 
the electrolyte was also noticed, which prevented the powders 
from floating on the electrolyte surface. the addition of glycol 
could, however, promote the formation of agglomerates of the 
synthesized powders.

in the case of the experiment carried out at a current density 
of 0.39 a/cm2 without the addition of ethylene glycol, a signifi-
cant change in the shape of the obtained powder was noticed. 
a major part of the produced particles had a flake shape and the 
average grain size was the largest in the series. the literature 
reports that the use of surfactants in rotating cylinder electrodes 
allows the synthesis of small particles, however, it tends to create 
agglomerates from synthesized particles [25]

During the experiments, a significant increase in the tem-
perature of the electrolyte and electrodes caused by the current 
flow was noticed. this certainly has a direct impact on both the 
size and shape of the powders obtained. another phenomenon 
that can affect the shape of the received powders, the cathode 
surface becomes tarnished due to the application of sulfuric acid 
containing electrolyte and the elevated temperature. 

to exclude the influence of these phenomena on the results, 
in future studies, the electrolytic cell will be thermostated with 
a Peltier cell, while the electrode will be made of stainless steel 
with higher corrosion resistance.

in the next part of the work, the influence of the concentra-
tion of copper ions in the electrolyte on the quality of the obtained 
copper powders was investigated.

the analysis of the obtained results showed that increas-
ing the concentration in the range from 0.01 to 0.15 mol/dm3 
did not reduce the size of the powder, as it is observed for the 
electrolysis in the reactor without agitation. this is probably 
due to the rotation of the cylindrical electrode, which limits the 
phenomenon of diffusion control. however, it is not completely 
eliminated, because the change in the concentration of copper 
ions affects the shape of the obtained powders. the use of the 
lowest considered concentration allows for obtaining powders 
with a polyhedral shape. the concentration of 0.05 mol/dm3 
causes the increase in the amount of dendritic particles and 
a significant decrease in the number of particles of a different 
shape, which is consistent with the study of M.G. Pavlov et al. 
[32], which uses a rotating disc electrode. however in our case, 
further increasing the electrolyte concentration eliminated the 
presence of dendrites. these phenomena could be caused by the 
usage of a rotating cylinder electrode instead of a disc. 

at 0.075 mol/dm3, globular and fragmented particles are 
noticeable, which was not observed with the electrolyte with a 
concentration of 0.15 mol/dm3. the highest concentration gives 
the homogeneous particles shape.

in the last part of the work, the influence of the rotational 
speed of the electrode during the synthesis on the shape and size 
of the obtained powders was investigated.

the conducted analysis showed a tendency to obtain smaller 
grain diameters, starting from 0 to 115 rpm. the median size of 
the particles obtained in the absence of rotation is 2-2.5 µm, at 
39 rpm it is a value in the range of 1-1.5 µm, and for 115 rpm it 
is in the range of 0.5-1 µm. after increasing the rotational speed 
to 162 rpm, the median increase to the range of 1-1.5 µm can be 
seen, while at 201 rpm, this value is 2.5-3 µm. the attached trend 
line indicates that increasing the rotational speed, as could be 
expected, results in a smaller particle size of the copper powder. 
however, this impact is relatively low.

lack of rotation of the electrode resulted in obtaining pow-
ders with a polyhedral shape and with single dendrites. increas-
ing the speed to 39 rpm caused the expansion of dendrites at the 
expense of polyhedral particles. however, at 115 and 162 rpm, 
the occurrence of dendritic powders disappears, and the vast ma-
jority of particles in the sample are polyhedral particles. the use 
of a speed of 201 rpm causes a significant growth of dendrites.
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the non-linear dependence of the size of the obtained 
powders on the speed of rotation of the electrode may be caused 
by the disturbance of the assumed electrolysis mechanism, by 
inaccurate stripping of the copper powders with the applied strip-
per. some of the powder was not removed and was subjected to 
further growth in the subsequent electrolysis cycles. the phe-
nomenon was additionally intensified by the capillary dragging 
of the electrolyte on the electrode surface above the surface of 
the electrolyte. as a result, the duration of the electrolysis for 
the point on the electrode was significantly more than 0.069 s 
calculated for the example of 115 rpm. to prevent this in fur-
ther research, the construction of the powder stripper should be 
improved, by adding a presser.

5. conclusion

the conducted research showed that it is possible to 
obtain copper micro-powders with a grain size of 1 µm in the 
process of electrolytic copper deposition. it has been proven 
that as the current density increases, the average grain size of 
the obtained powder decreases. the addition of ethylene glycol 
has a significant influence on the shape and size of the obtained  
powders.

increasing the concentration of copper ions in the electrolyte 
in the range of 0.01 mol/dm3 to 0.075 mol/dm3 causes a decrease 
in the size of the powder. it was also shown that changing the 
speed of rotation of the electrode changes both their size and 
shape.
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