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Abstract: Aim: Ultra fine copper particles were produced as a bi-product during electropolishing of copper 
surface. It was formed as a result of anodic oxidation of copper surface, where copper was fixed as anode and lead as 
cathode. It was carried out by using an electrolytic cell containing phosphoric acid 55% as the electrolytic solution. 
Both electrodes were connected to DC power supply to allow an electric current to pass through the solution. Anodic 
dissolution of copper electrode was occurred according to the applied electric potential, then Cu ions was attracted 
and neutralized at the surface of cathode where it was deposited in the bottom of the cell. The size of copper particles 
was measured by different angles SDP intensity analysis, and they were characterized by EDX and SEM analysis. 
[Journal of American Science 2010;6(9):137-143]. (ISSN: 1545-1003). 
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1. Introduction 

Electropolishing (EP) is a highly efficient 
method for smoothing and brightening of metals and 
alloys. It has received much attention due to its 
practical and academic interests. Some workers tried 
to attain bright and smooth surface of copper by 
applying EP method, where humps and scratches of 
nano and micro size are eliminated to convert matt 
and rough surface to bright and smooth one [1–5]. 
Nano-crystalline and ultra fine copper can be 
produced during EP treatment, it exhibit 
extraordinary mechanical properties such as strength, 
hardness and fatigue resistance that have been the 
subject of widespread research [6–10]. 

Amongst the various conductive materials, 
copper has been established as an important choice 
because of high electrical conductivity, relatively 
higher melting point, excellent solderability, low 
electrochemical migration behavior and low materials 
cost [11,12]. Copper/copper oxide submicron and 
nano-size particles are at present of great interest in 
several fields of chemistry and of material science. 
Some features of conducting, optical and catalytic 
properties of small Cu/CuO particles and their 
possible fields of use have been reported [13–16]. 

Applications of copper powder include self-
lubricating bearings, electrical parts, conductive 
epoxy, widely used as catalysts in chemical 
formulations and for the production of copper 
compounds, metal-bonded abrasive wheels and 

cutting tools and aircraft braking systems. Ultra-fine 
copper powder was also offered for new developing  
 
opportunities such as metal injection molding, 
electronics, ceramics and thick/thin film applications 
[17]. 

According to the fast developments in 
electronic industries, there is a great, unprecedented 
demand for high-strength, high conductivity 
materials. The technology of making conductive thick 
films from high purity crystalline copper powders is 
of considerable importance in the manufacture of 
electronic devices, such as hybrid integrated circuits 
and multilayer ceramic capacitors (MLCC) [18-21].  

A chemical–mechanical method can be used 
for the formation of the flake copper particles, which 
could meet the requirement of copper thick film paste 
[22]. 
Flake copper powders could be prepared with the 
two-stage method. Firstly, precursor copper particles 
were produced by electrolytic method [23], pyrolysis 
[24], atomized process [25] or chemical-reduction 
method [26]. Secondly, the spherical copper particles 
are processed by a high energy ball mill. Precursor 
particles are extruded by ball milling media, and the 
flake particles could be achieved. 

Vinogradov et al. [27] fabricated ultra fine 
grain pure copper (purity 99.98%) of 200 nm in size 
by the equal channel angular pressing (ECAP), and 
investigated the fatigue behavior of ultra fine grain 
pure coppers, depending on the recovery phenomenon 
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of non equilibrium grain boundaries after the 
annealing treatment at 200 ◦C.  

While, Lee et al. [28] fabricated ultra-fine-
grained pure copper by the accumulative roll bonding 
and annealing treatment, analyzed their 
microstructures, and evaluated quasi-static tensile 
properties.  

 
Copper powder was also prepared 

chemically by adding monoethanolamine to slurry 
comprising finely divided particles of a solid copper 
containing precursor compound selected from copper 
salt, copper carbonate, copper hydroxide, cupric 
oxide, or cuprous oxide, wherein the temperature is 
between 90 and 150 ◦C for a time sufficient to convert 
the precursor compound to a copper powder [29]. 

 
The novelty of the present work is the 

utilization of nano/micro size copper powder 
produced during electropolishing of copper 
components whether, plates, rods, or wires in a simple 
electrochemical system to be used in essential 
applications. Also, it was studied as an economic 
method for separation and recovery of deposited 
copper without addition of external chemicals before 
drainage to water effluents. 
 
 
2. Material and Methods  
2-1 Materials and Apparatus 

 
Copper sheet 99.99 % was cut into small 

samples with a dimension 4 x 2.5 cm and each sample 
was degreased before treatment by rinsing with 
acetone, tap water, and then distilled water.  

 
A glass cell 15 x 7.5 x 8 cm was used for the 

performance of EP process, where sample was fixed 
as the working electrode, lead plate as a counter 
electrode and saturated calomel electrode (SCE) as a 
reference electrode, as shown in Fig.1. 
The relation between electric potential and current 
was measured by EG&G Potentiostat/Galvanostat 
(Applied Princeton Research) Model 273A, driven by 
software M352/252 Corrosion, where a stagnant 
solution of prepared 55 % H3PO4 was used as 
electrolytic solution. 

 
A magnetic stirrer (PMC–

BARNSTEAD/THERMOLYNE-USA) was used for 
agitation of electrolytic solution, where electrolytic 
solution was mixed well for 5 min to have a 
homogenous solution, then agitation was stopped 
before starting anodic dissolution in a stagnant 
solution. 

 

 
 

Fig. 1: A schematic diagram of experimental set 
up                                                                                  
1) working electrode 2) counter electrode 3) 
reference electrode (SCE) 4) electrolytic 
solution + Additives 5) glass electrolytic cell 
6) Galvanostate/Potentiostate 7) magnetic 
stirrer 8) magnet 

 
2-2 Separation  

The deposited copper powder in the bottom 
of the cell and remain copper powder at the surface of 
walls and electrodes was washed by distilled water, 
and decanted into a settling beaker for precipitation. 
The powder was separated by decantation, and 
washing three times by distilled water to get rid of 
phosphoric acid. Then copper powder was 
concentrated by disposing of excess water, and then it 
was put into a glass dish for drying in a furnace for 15 
min at 110 ◦C. The product after drying was weighted 
by a digital electronic balance (Precisa 205A, Suner 
Bal-Series) and the weigh per surface area of copper 
surface was determined (mg/cm2). 

The recovery based on gravity, where the 
whole non dissolved UF copper was settled down in 
the bottom of acid solution. Most amount of acid was 
withdrawn by suction pump and the few remain 
amount of acid was diluted with distilled water three 
times by washing, settling, and acid suction. Finally 
UF copper wetted with distilled water was dried and 
weighed. 
 
2-3 Characterization  
Particle size of prepared ultra fine copper powder was 
measured by using N5 Submicron particle size 
analyzer He-Ne Laser Beam BEKMAN COULTER         
Miami, Fluorida  

The surface morphology and purity of 
copper particles was investigated by SEM and EDX  
analysis by using JEOL – JSM – 636 DLA Scanning 
Electron Microscope, Accel Volt (kV): 20   
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3. Results and Discussion  
The amount of Cu2+ ions are generated by 

the anodic dissolution of copper electrode during 
electropolishing process according to Faraday 
formula: 

C = M I t / zF 
where C is the theoretical concentration of Cu2+ (g), I 
electric current (A), t is the time (s), z is the chemical 
equivalence, F is the Faraday constant (C/mol), and 
M is the molecular weight of copper (g/mol) [30]. 

The theory of electropolishing method is 
based on the anodic dissolution of copper surface and 
if the applied conditions such as current density, 
temperature, and concentration are suitably chosen, 
copper ions are regularly dissolved, where the surface 
smoothness and brightness are improved. 

Improvement of both brightness and 
smoothness of copper surface by EP, and hence the 
amount of reddish ultra fine copper deposited are 
highly dependent on the applied conditions such as, 
current density, time, temperature and concentration 
of electrolytic solution 
 
3-1 Mechanism  
The mechanism of EP process for different metals 
and alloys was investigated by some workers, where 
they showed that each metal or alloy has a distinct 
behavior during EP [31, 32].  
In the present study, it was observed during EP of 
copper under the applied electric potential that a dark 
layer was firstly formed over the surface. Then, after 
a few minutes, it was decomposed, where a 
homogenous and regular removal of dark layer was 
occurred, leaving a shiny and smooth surface. 
As shown in Fig.5, the polarization curve tracked EP 
treatment of copper with the increase of electric 
potential pass through the following steps: 
 

 
Fig. 5: Polarization curve of the EP treatment of 

copper in a range from 0 to 1800 mV 
 

*- Activation step (a-b) where the current was sharply 
increased due to both anodic oxidation of outer 
surface and ionization of water molecules (Eq. 1, 2). 
 
Cu                                       Cu++    +        2e-             (1) 
 6H2O                                  4H3O

+   +   O 2   + 4e-   (2) 
 
*- Neutralization step (b-c) is characterized by the 
decrease of current and total covering of the surface 
by very thin oxide/hydroxide film (Eq. 3). 
 
Cu++   +   2 OH-                                   Cu (OH)2             (3) 
 
*- Stripping step (c-d): is accompanied by slightly 
increase of electric current, where a slowly 
electrochemical decomposition of oxide/hydroxide 
film (dark layer) was occurred regularly leaving a 
bright copper surface (Eq. 4). 
 
Cu (OH) 2                                    Cu++   +   2OH-     (4) 
 
*- Polishing step (d-e) is characterized by the stability 
of electric current and a stagnant plateau due to the 
presence of two equal opposite reactions namely:  
 
a) Filling up of the surface cavities and depressions 
(Eq.3), and  
 
b) Decomposition of the surface humps and peaks 
accompanying by oxygen  gas evolution (Eq.4). 
 
*- High dissolution region (e-f) is characterized by an 
increase of electric current density where an 
aggressive oxidation reaction and high loss of copper 
surface takes place. 
 
 
3-2 Influence of time and current density 
Electropolishing process was studied in a wide range 
of time from 5 to 30 min with the condition of 
applying an appropriate current density. As shown in 
Fig.2, a slightly few amounts of UF copper (≈ 35-40 
mg/cm2) was produced by using very short time 5 min 
in spite of current density variation from 0.16 to 0.32 
A/cm2, i.e a short time 5 min is not adequate for the 
dissolution of high amount of copper ions and 
removal of surface imperfections at different current 
densities. 
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Fig. 2: Effect of time on the amount produce of 

ultra fine Cu by using different current 
densities 0.16, 0.24, and 0.32 A/cm2 

 
While, by using a longer time 10 min, the 

amount of UF copper produced was increased to 
39.84 , 69.6 and 85.28 mg/cm2 by applying higher 
current densities 0.16, 0.24, and 0.32 A/cm2, 
respectively, where more improvement of the surface 
was achieved. 

Also, by increasing time to 20 min, more 
amount of UF copper was obtained 50.72, 84, and 
104.16 mg/cm2, respectively while it showed the 
maximum amount produced 175.52 mg/cm2 after 30 
min by using current density 0.32 A/cm2 where, a 
critical level of the surface treatment called High 
dissolution region (e-f) was attained. 

This indicates that the amount of UF copper 
produced is increased by using higher current 
densities and longer time, where excess anodic 
dissolution of copper was occurred leading to more 
copper ions neutralization at the surface of cathode, 
which deposited finally as UF copper powder.  
 
3-3 Influence of electric potential 

The effect of applied electric potential on 
both amount produced ultra fine copper and the 
electric energy consumed was studied at constant 
time 20 min, concentration of H3PO4 55 %, and 
temperature 25˚C.  
           The applied electric potential governs the 
values of limiting current and UF copper dissolved, 
where the region according to the polarization curve 
determines the improvement of both surface 
smoothness and production of copper in nano-micro 
size. The amount of UF copper produced was        

46.4 mg/cm2 at low potential 1.25 V with low surface 
smoothness, and it was gradually increased to 104.16 
mg/ cm2 at potential 7.5 V, as shown in Fig.3. This 
result implies that the increase of potential leads to 
overcome the resistance and stimulate the ionic 
migration and anodic dissolution reaction. On the 
other hand, the electric energy consumption was 
increased from 0.0003 to 0.0049 KWh, where the 
increase of potential (V) leads to increase of electric 
current (I) at constant time 20 min, so the calculated 
E was increased according to the relation: 
E = V *I * t 
 

 
Fig. 3: Effect of electric potential applied on both 

amount produced of UFC and electric 
energy consumption  

 
3-4 EDX Analysis 

As shown in Fig. 4, EDX analysis showed 
three peaks appeared at 1, 8, and 9 keV, which 
characterized the presence of 91.12 % of the sample 
produced of UF copper. A small one peak at 0.5 keV 
revealed the presence of some traces of oxygen 8.87 
%, indicating the presence of traces copper oxide. It 
may be produced during EP process or by 
environmental moisture oxidation after drying and 
storage, where oxidation of nano-micro size particles 
with a high surface area is difficult to control. 

According to these results, the produced UF 
copper showed a high purity of copper 91,12 % and 
trace 8.88 % CuO which indicates the efficiency of 
electrochemical method for producing a highly grade 
of resalable copper for different applications. 
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Fig. 4: EDX Analysis of the produced UF copper 
 
3-5 SEM Analysis 

From SEM photograph as shown in Fig. 5, 
The uniformity of particles is shown in Fig. 5-a, 
where its low particle size, and spherical shape allow 
the homogenous distribution, while in case of Fig. 5-
b, with higher magnification, it can be distinctly 
observed that the ultra-fine, mono-dispersed, non-
agglomerated copper particles were produced, and a 
spherical particles, high porosity, and very fine 
particles are appeared.  
 

      
           a)                                         b) 
Fig. 5: SEM Analysis of the produced UF copper:                                                                                   
a) magnification x 1000   b) magnification x 10000 
 
3-6 Measurement of particle size by SDP  

The particle size of a UF copper sample 
produced by electropolishing process was measured 
to evaluate its characteristics and its applications 
suitable for. Different Angle SDP Intensity analysis 
was used for measuring the particle size of UF copper 
particles. As shown in Fig. 6, it revealed that the 
particle size is ranged between 300 and 900 nm, while 
almost particle size revealed the mean particle size at 
577.6 nm as shown in SDP results summary, table-1. 
The variation of particle size is demonstrated as a 
result of the different steps during electropolishing 
process where, electrode potential was increased with 
continuous treatment and accordingly, the current 

density is varied as shown in polarization curve. Each 
level of potential and current is characterized by 
distinct reactions over copper surface. Moreover, 
anodic oxidation reaction is the predominant reaction 
and the dissolved ions are affected by velocity of 
ions, and diffusion coefficient.  
      

 
Fig. 6: Measurement of particle size by SDP of the 

produced UF copper 
 

The anodic dissolution of micro grams of copper 
is a phenomenon superimposed on electropolishing of 
copper surface by elimination of micro scratches and 
irregular humps, where the mat and rough surface 
converted to bright and smooth one.  
 
Table-1: SDP Results Summary  

 
 

The deposited copper into the electrolytic 
solution as sludge after EP processes represent a big 
environmental problem if it is discharged into lakes, 
rivers, or water surface. So, it is necessary to separate 
UF copper by settling, washing, concentrating, and 
drying. Filtration step was avoided due to the highly 
adhesion of UF copper, where a part of UF copper 
can be lost by adhesion with filter material.  
The success recovery of UF copper for application in 
strategic fields makes the EP process acquire more 
economic view and require reappraisal in industrial 
sectors.       
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4. Conclusion 
Electropolishing of copper surface was 

accompanied by anodic dissolution of copper ions, 
which neutralized and settle down into the electrolytic 
cell. The amount produced of UF copper is highly 
dependent on current density, and time, where 175.5 
mg/cm2 was produced by using 0.32 A/cm2 and 30 
min, while 34.7 was produced by using 0.16 A/cm2 
and 5 min. Analysis of EDX and SEM showed the 
purity of UF copper and the presence of non 
agglomerated spherical particles. The separation and 
characterization of UF copper produced revealed the 
presence of nano/micro particle size. Measurements 
by using SDP method revealed the presence of 300 – 
900 nm with mean value 578 nm of particle size, 
which indicate the possibility to exploit in some 
essential applications.  
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