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Abstract.1 The anode behavior of the copper electrode 
immersed in butanol phosphate electrolytes has been 
studied. The polarization dependences of the electrode 
allowed us to detect the sections that correspond to the 
passive and active states of copper and we also established 
the zone of the combined behavior of the processes of the 
copper dissolution and oxygen release. It was also 
established that a butyl alcohol contributes to an abrupt 
decrease in current densities in the entire region of anode 
potentials. The addition of butanol conditions the 
disappearance of current oscillations that can be seen on 
polarization dependences in phosphate solutions. Evidently, 
a decrease in the current densities is a consequence of the 
butanol adsorption on the copper surface and its 
participation in the formation of passive films. The specific 
features of the copper passivation in butanol phosphate 
electrolytes are characterized by the appearance of the 
explicit current peak that separates active and passive state 
zones at the ratio of C4H9OН:H3PO4 = 1:3. As the alcohol-
to-acid ratio increases, the peak gradually decreases. The 
addition of butanol has no determining influence on the 
potential value that corresponds to the started oxygen 
release. Current efficiency values for the copper dissolution 
depend on the anode current density ja and the electrolyte 
composition. An increase in ja results in a decreased current 
efficiency value. An increase in the С4Н9ОН content has a 
similar action. Maximum current efficiency values are 
observed at ja = 0.5–2 А∙dm-2, and they correspond to the 
active copper state. The dependences obtained for the 
copper dissolution rate allowed us to establish that υр also 
increases with an increase in the current density up to ja = 
= 20 А∙dm-2. The copper treatment quality depends on the 
current density and the electrolyte composition. The 
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solutions with the ratio of C4H9OН:H3PO4 = 2:1 fail to 
provide a high quality treatment; the surface is not glossy 
and it has grinding traces. A high-quality treatment is 
observed in the electrolytes with the ratio of 
C4H9OН:H3PO4 = 1:2 and lower. The electrochemical 
polishing in such solutions results in the glossy copper 
surface with the smoothed relief and it has no polishing 
traces. 
 
Keywords: electrochemical polishing, passivation, butyl 
alcohol, surface-active substance, polarization depen-
dence. 

1. Introduction 
The metals are subjected to the electrochemical 

polishing to provide defect-free surfaces with the 
smoothed relief. The principle of electrochemical 
polishing consists in the anode dissolution of the treated 
metal in the appropriate electrolyte solution. The surface 
becomes smooth due to the specific features of the 
behavior of the pool of chemical and electrochemical 
processes at the metal-electrolyte interface and it 
eventually leads to the primary dissolution of the 
microelevations of the metal profile. The electrochemical 
polishing is used for the treatment of the items prior to the 
application of galvanic coatings or for the treatment of 
already applied coatings and it is1-3 also used for the 
removal of the burrs and scratches,4 for the tool 
sharpening and for the preparation of metallographic 
sections.5-8 The electrochemical polishing is also used for 
the ornamental finishing of different items.  

First research papers on the electrochemical copper 
polishing are more than 90-years old.9 Over this period of 
time an ample amount of the solution compositions 
intended for the treatment of copper and its alloys were 
suggested in the periodicals and patent literature. In most 
cases, the phosphoric acid acts as a main component. The 
difference is reduced to the addition of inorganic and 
organic compounds that have a favorable effect on 
electrolyte performance characteristics and improve the 
copper surface treatment quality. The prevalence of 
phosphate electrolytes is conditioned by their multipur-
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poseness and efficiency. They can also be used for the 
polishing of copper alloys. Phosphate solutions have the 
lowest corrosive power in comparison to other acid 
solutions and they are not so grave for the environment. 
Copper, which was dissolved on the anode, is deposited 
onto the cathode and partially precipitated onto the bath 
bottom in the form of sludge simplifying thus the 
electrolyte regeneration and makes the reuse of metal 
possible.  

To improve the treatment quality, inorganic and 
organic substances are added to phosphate electrolytes. 
The most frequently used additives are alcohols that have 
surface-active properties and facilitate the smoothing of 
the microroughness on the copper surface. In the case of 
the electrochemical polishing, it is very important to 
establish the relationship between the treatment mode, the 
current output and the dissolution rate including the 
influence of the additive on the copper surface 
morphology. These data cannot be found in available 
sources and this fact conditions the vitality of the 
additional research to be done in this field. 

To improve the polishing quality, we suggest 
adding of inorganic and organic substances to phosphate 
electrolyte.10 Chromic anhydride and sulfuric acid were 
added to the phosphate electrolyte as inorganic additives. 
The drawback of the electrolytes is the toxicity of CrO3, 
and the attempts are made to restrict its use. It should be 
noted that the result was the increased electrolyte 
corrosivity.  

The electrolytes with organic additives, in 
particular alcohols, amines, amides and carbonic acids are 
more popular.8-26 The researchers accumulated a huge data 
array relating to the studies of the properties of such 
electrolytes, including adsorption properties and the 
copper dissolution kinetics. Many organic substances have 
surface-active properties and therefore they provide a high 
quality of the copper treatment. The organic additives 
adsorbed by the anode surface, form a layer with a high 
resistance property; however, its thickness is thinner on 
the surface microelevations. The passive layer blocks the 
anode surface and we observe a preferential dissolution of 
the sections with the film of a minor thickness. 

Alcohols are the most widely spread organic 
additives. The availability of the molecule polarity 
conditions the surface-active properties of alcohols that in 
addition to their harmlessness explain a wide application 
of the compounds of this class for the electrochemical 
polishing of copper and copper alloys. For example, the 
studies of the monoatomic alcohols effect on polarization 
dependences, the current collection and its distribution 
showed the appropriateness of the alcohols addition for 
the treatment of the copper-manganese-zinc alloy.17 The 
obtained data cannot be used for copper due to different 
composition of the treated metal. Some scientific papers 

state that methanol, ethanol, propanol and isopropanol 
have a strong inhibiting action with regard to the copper 
dissolution process18,19 The results are of interest from the 
standpoint of the anode process kinetics. However, the 
data on the additives effect on the copper morphology, the 
current output and the dissolution rate are unavailable. 
The same can be said about the researches, which state 
that a good smoothing of the roughness on the copper 
surface is achieved by the addition of glycerin,20 ethylene 
glycol,21 phenols22 and monoatomic alcohols.23 The 
investigations show that butanol is an efficient copper 
dissolution inhibitor and provides a better quality of the 
copper treatment in comparison to ethyl alcohol.24-26 

Hence, the addition of alcohols to phosphate 
electrolytes conditions a decrease in the copper 
dissolution rate and facilitates its passivation.25 As a rule, 
this results in a higher quality of the metal treatment. 
However, the research done is lacking the data that show 
the additive effect on the surface morphology and the 
copper dissolution rate and show the need for the 
additional research. 

The purpose of this research is to study the anode 
behavior of copper in phosphate butanol electrolytes.  

To attain this goal the following problems were set: 
– getting polarization dependences for the copper 

electrode placed in phosphate and phosphate butanol 
electrolytes;  

– studying the influence of the electrolyte 
composition and the treatment mode on the surface 
morphology and the copper dissolution rate during the 
anode treatment. 

2. Experimental 

The specimens made of the copper strip (copper 
M00) were used for the investigations. The coaxially 
arranged cylinder made of copper of the same type served 
as an additional electrode. The ratio of Sк:Sа = 100:1.  

The specimens were prepared by grinding with the 
sanding disk and degreasing using benzine and the water 
suspension of Na2CO3 and rinsing with the tap and 
distilled water. The initial polishing was conducted using 
the abrasive wheel KSL 150x30x32 P10ZAK. The final 
polishing was conducted using the abrasive wheel KSL 
150x30x32 P40ZAK. The roughness of the prepared 
specimens was measured using the section gauge 
HOMMEL T 1000. The measurements were taken at five 
sections of each specimen to define the roughness average 
Ra. Based on the measurement data we managed to get the 
polished surface with Ra = 2.78–3.57 µm that corresponds 
to the surface finish fifth class. 

Polarization dependences were got using the 
potentiostat Ellins Р-45Х at the potential scanning rate of 
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5 mV·s–1. Working electrode potentials were measured 
relatively the saturated chloride-silver electrode placed in 
a separate vessel and connected to the cell by the key. In 
the text, potential values are given by the scale of this 
electrode. 

The stationary electrolysis was conducted under the 
galvanostatic mode using the power supply source B5-47, 
voltammeter M2038 and the multimeter Keithley-2000. 

The metallographic microscope Leica DM ILM 
with the digital video camera Leica DFC 295 was used to 
take the pictures of the surface of treated specimens. The 
electrolytes were prepared for the investigation using 
H3PO4 (85%) and C4H9OH (99.7%) of an analytical 
reagent grade. 

3. Results and Discussion 

The electrochemical behavior of copper in the 
solutions containing the phosphoric acid is similar to the 
behavior of metals disposed to the passivation during the 
anode polarization. The polarization dependences of such 
metals allow us to separate the areas of the active 
dissolution, transition to the passive state, the passive 
state, repassivation with the formation of the ions with a 
higher oxidation degree and attainment by the potential 
that corresponds to the oxygen release. The organic 
surface-active substances adsorbed by the anode surface 
inhibit, as a rule, the copper dissolution process. The 
combination of passivation and adsorption processes is 
supposed to result in the improved treatment quality with 
a good smoothing of  the surface  microroughness. An 

efficient smoothing can be provided by butanol that can 
be adsorbed by the anode surface and it can reduce the 
surface tension at the interface. The butanol adsorption 
will facilitate a deep copper passivation and inhibit the 
dissolution. These assumptions are confirmed by the 
obtained polarization dependences (Fig. 1a). 

The results given in Fig. 1 show that the butanol 
addition changes the shape of polarization dependences. 
The dependence obtained for the 85% solution of Н3РО4, 
(Fig. 1b, curve 1) has a shape typical for the metal that is 
disposed to the transition to the passive state. As the acid 
concentration is reduced, the current density is increased 
and the oscillations conditioned by the cyclic copper 
passivation/activation process (Fig. 1b, curves 2 and 3) 
appear on the curves at the ratio of H3PO4:H2O = 1:2 and 
lower.27 The polarization dependence of copper in the 
phosphate butanol solution at the ratio of 
C4H9OН:H3PO4 = 1:1 is characterized by the availability 
of an explicit peak, which separates the regions of the 
active and passive states of copper (Fig. 1a, curve 1). 
With an increase in the butanol content the peak is 
decreased and at the ratio of C4H9OН:H3PO4 = 3:1 it is 
degenerated (Fig. 1a, curve 3). The addition of butanol to 
the electrolyte composition inhibits the copper 
dissolution and contribues to an abrupt decrease in the 
current density in the entire region of the investigation of 
anode potentials. Butanol causes the disappearance of 
current oscillations observed in phosphate electrolytes. A 
decrease in the current densities is a consequence of the 
butanol adsorption on the copper surface and 
participation in the formation of the films with a deeper 
anode passivation.   

 

 

 

 
a) b) 

 
Fig. 1. The anode polarization dependences of the copper electrode in phosphate-butanol (а)  

and phosphate (b) electrolytes. C4H9OН:H3PO4 (v/v) is equal to 1:3 (1); 1:1 (2)  
and 3:1 (3). H3PO4:H2O (v/v) is equal to 17:3 (1); 2:1 (2) and 3:1 (3) 
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The transition of copper to the passive state in the 
phosphate-butanol solutions has also its specific features. 
In Н3РО4 solutions, the curve section responsible for the 
transition to the passive state is characterized by the 
smooth decrease in the current value (Fig. 1b, curve 1). In 
the solutions with the addition of butanol the transition to 
the passive state is accompanied by the appearance of two 
current plateaus on the curves (Fig. 1a, curves 1 and 2). 
The range of potentials, at which the plateau is observed, 
is not constant and it is shifted to the domain of negative 
values with an increase of the butanol content in the 
solution. Evidently, the appearance of two plateaus is a 
consequence of the specific features of the butanol 
adsorption on the copper surface. A change in the 
concentration of phosphoric acid and butanol has actually 
no influence on the anode potential value that corresponds 
to the oxygen release onset. Alcohol reduces the rate of 
copper dissolution and leads to an improvement in the 
processing quality with good smoothing of surface 
microroughnesses.28,29 In addition, butanol decreases the 
surface tension at the interface and also causes the copper 
surface to be smoothed.26  

Fig. 2 gives the data obtained during the 
electrolysis under the stationary galvanostatic mode. The 
given data allow us to draw a conclusion that current 
efficiency values for the copper dissolution depend on the 
solution composition to a great extent. An increase in the 
butanol concentration results in decreased current 
efficiency values. This influence becomes especially 
noticeable at ja < 2 А∙dm–2 that corresponds to the 
combined copper dissolution and oxygen release process. 
Maximum current efficiency values are observed for the 
solutions with the ratio of C4H9OН:H3PO4 = 3:1. In the 
range of ja = 0.5–2 А∙dm–2, current efficiency values are 
expectedly high and the effect of the solution composition 
is not so strong. In some cases, the electrolysis at ja = 0.5–
1.0 А∙dm–2 resulted in the generation of the current output 
values which exceed 100 %. The generation of too high 
values of the current efficiency is explained by the fact 
that the copper dissolution in this range of ja is 
accompanied by the formation of the sludge. The sludge 
has a weak cohesion to the anode surface and it is 
removed by the rinsing and drying of the tested specimen 
after the experiment. The sludge weight conditions an 
additional decrease in the mass that results in the 
generation of the high values of the current efficiency for 
copper. The obtained sludge was treated with the five-
percent sulfuric acid and after one hour of the exposure 
using a small amount of the solution, we could see the 
appearance of the light-blue discoloring of the latter. It is 
indicative of the presence of copper oxide in the sludge. 
The gravimetric measurement data allowed us to establish 

that a decrease in the sludge mass after curing in acid 
solution is 0.8–1.5 %. Evidently, the appearance of oxide 
can be explained by the electrochemical oxidation of the 
anode surface or the chemical oxidation that occurs after 
its exposure to the air. However, the formation of the 
bivalent copper oxide is also observed during the 
electrochemical polishing of copper where it is a probable 
by-product.30,31 Anyway it is much more likely that oxide 
is formed during the sludge contact with the air, when the 
processes of its extraction, rinsing and especially drying 
take place.    

Gravimetric measurements allowed us to calculate 
the copper dissolution rate. From the technological point 
of view this parameter is important because it gives us an 
opportunity to estimate a change in the metal thickness 
during the treatment. It is very important to know the 
copper dissolution rate for the electrochemical polishing 
of the parts with precise sizes or bold parts. The obtained 
data (Fig. 2b) show that the dissolution rate depends on 
the used current density and the electrolyte composition. 
An increase in the current density results in an increased 
copper dissolution rate in spite of the fact that a decrease 
in the current efficiency for the copper dissolution is 
observed with an increase in ja. In the solutions with the 
С4H9OН:H3PO4 ratio equal to 1:2 and 1:3 an increase in 
the copper dissolution rate is observed up to ja

 = 20 А∙dm–2. 
After reaching this value the rate is decreased due to a 
decrease in current efficiency values (Fig. 2b, curves 1 
and 2).  

The copper treatment quality is defined by the 
current density and the electrolyte composition (Figs. 3 
and 4). The unsatisfactory smoothing is observed in the 
solutions with the ratio of С4H9OН:H3PO4 = 2:1 and 
higher (Fig. 3a, b) and the scratches remain on the copper 
surface after the grinding with the abrasive flap wheel. 
The copper surface is not very glossy. With a decrease in 
the alcohol amount the copper surface treatment quality is 
improved. A high quality treatment is observed in the 
solutions with the ratio of С4H9OН:H3PO4 = 1:2 and lower 
(Fig. 3d, e). The electrochemical polishing in the solutions 
of such composition results in the disappearance of the 
scratches after polishing and the surface becomes glossy. 
However, the treatment in these solutions is accompanied 
by the removal of a larger layer of the metal in 
comparison with the solutions with a high content of 
С4H9OН. 

Table 1 gives as an example the data that 
characterize the removal of metal and the final surface 
roughness that can be got after the 3-minute 
electrochemical treatment at the current density of 
10 А∙dm–2 in the electrolytes with different alcohol-to-
acid ratios. 
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a) b) 

 
Fig. 2.The dependences of the current efficiency (a) and the dissolution rate (b) on the current density for the anode treatment of 

copper in phosphate-butanol solutions. С4H9OН:H3PO4 ratio (v/v) is equal to 1:1 (1); 2:1 (2) and 3:1 (3) 
 

Table 1. The thickness of the dissolved copper layer during electrochemical polishing in solutions with different ratios 
of alcohol:acid 

Ratio С4H9OН:H3PO4 Thickness of the dissolved metal layer, μm Roughness Ra, μm 
3:1 1.88 1.94 
2:1 1.52 1.11 
1:1 3.01 0.64 
1:2 3.78 0.48 
1:3 3.94 0.56 

 
The obtained values of the surface roughness of 

polished specimens show that the surface smoothing and its 
leveling are observed in all cases and moreover, this effect 
becomes more explicit when the solutions with a lower 
alcohol content are used. The polished surface quality 
corresponds to the class 6 or 7 that is one or two orders of 
magnitude greater in comparison to the initial one. 

An optimal range of current densities is available 
that enables a high-quality copper treatment (Fig. 4). At  
ja = 0.5–1 А∙dm–2, the copper surface becomes opaque 
during the anode polarization and it acquires a brown 
color conditioned by the presence of oxide films or 
pickling sludge. With an increase in ja to 5 А∙dm2 the 
treatment quality is improved though the polishing 
scratches are still present. It is evident that the adopted 
three-minute electrolysis duration is insufficient for the 
surface smoothing in the electrolytes with the high alcohol 
content. The best quality of copper treatment is observed 
when the value of ja is increased to the values of 10 А∙dm–2 
and higher. Despite the fact that the treatment at such ja 
values occurs in the mode of the combined progress of the 
reactions, we observe a good smoothing of the copper 
surface and the pit etching is unavailable.  

We should keep in our mind that the expected 
smoothed surface relief and high surface luster are 
accompanied by a considerable amount of the removed 

metal. In practice, it implies the need for a considerable 
tolerancing of machined parts and an increased reagent 
consumption, which is conditioned by the electrolyte 
outflow with gasses liberated by the electrodes. In this 
case, the optimal option will be an extensive mechanical 
treatment that includes a fine surface finishing or 
polishing. In this case, the duration of electrochemical 
treatment can be reduced to 20 or 30 seconds and it will 
be a finishing operation that will correspond to a final 
finish of the particular product. 

A favorable influence of butanol on the 
electrochemical polishing process becomes especially 
obvious when comparing the images of the specimens 
treated in the solutions with the addition of С4H9OН (Figs. 
3 and 4) and without it (Fig. 5).  

The electrochemical polishing in phosphoric acid 
solutions results in the appearance of multiple pitting on 
the copper surface caused by the local breakdown of the 
passive film on the metal in anode polarization 
conditions.26 It is believed that the appearance of local 
breakdowns is most probable when the potentials 
correspond to the oxygen release onset.21 However, in the 
case of the anode polarization in phosphate solutions the 
local corrosion is often observed prior to the achievement 
of the critical potential that can be caused by the local 
disintegration of the passive film continuity.32,33  
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a) a) 

  
b) b) 

  
c) c) 

  
d) d) 

  
e) e) 
 

Fig. 3. The pictures of the copper surface taken after the 
treatment in the phosphate-butanol solutions at ja = 20 А∙dm–2. 
С4H9OН:H3PO4 (v/v) is equal to 3:1 (a); 2:1 (b); 1:1 (c);  

1:2 (d) and 1:3 (e) 

 
Fig. 4. The pictures of the copper surface taken after the 

electrochemical polishing in phosphate-butanol solutions for 
С4H9OН:H3PO4 = 1:3 (v/v) and different ja, А∙dm–2: 1 (a);  

5 (b); 10 (c); 15 (d) and 20 (e) 
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a) b) c) 

 
Fig. 5. The pictures of the copper surface taken after the electrochemical polishing in the phosphate solutions  

at ja = 20 А∙dm–2. H3РO4:H2O (v/v) is equal to 1:1 (a); 1:2 (b) and 1:3 (c) 
 

The most widely spread theory that explains the 
effect of electrochemical polishing is the theory of the 
film passivation,10 according to which the anode surface 
consists of active convex sections and passive concave 
sections. Such a situation is conditioned by the retarded 
behavior of diffusion processes from the metal surface to 
the electrolyte volume. The dissolution of copper results 
in the accumulation of dissolution products on the surface 
and formation of a viscous electrolyte layer with a high 
electrical resistance. The passive film formed on the 
anode surface provides the appearance of electrochemical 
polishing effect. Usually, the film is less thick at the 
microelevations and it creates the premises for the surface 
smoothing and its glossy appearance simultaneously with 
the better conditions for the removal of dissolution 
products. Electrochemical polishing conditions can 
assumingly be improved through the addition of the 
surface-active substances to the electrolyte that facilitate 
the wetting of the surface with the solution and participate 
in the formation of passive films of an adsorption type.28 

The addition of butanol to the electrolyte 
contributes to a decrease in the surface tension at the 
boundary between the copper surface and the solution.26 
When adsorbing, butanol participates in the formation of 
passive films. A decrease in the surface tension and 
participation in the film formation stipulate a decrease in 
the current density on the polarization dependences (Fig. 
1a) and the roughness smoothing (Figs. 3 and 4) due to the 
decrease in the surface tension at the interface. The type of 
the dependences of the current efficiency and the copper 
dissolution rate (Fig. 2) is explained by the polarization 
curves for the copper electrode (Fig. 1а). The curves can 
conventionally be subdivided into the sections that 
correspond to the specific features of electrode processes 
that occur on copper in each specific range of the 
potentials. The section of the dependence that corresponds 
to the rise in current from the stationary potential value to 
a maximum value corresponds to the copper dissolution in 
the stationary mode with a high current efficiency.   

The experimental values of the current efficiency in 
the range of ja = 0.5–2 А·dm–2 are 80–100 %. Proceeding 
from the assumption that copper is dissolved with the 
formation of two-valent ions, the current efficiency values 
exceeding 100 % are impossible. This result is explained 
by the fact that the copper anode is dissolved 
nonuniformly with the sludge formation at these current 
densities. The sludge is easily removed by the specimen 
rinsing and this results in too high current efficiency 
values. Therefore, the copper surface treated at ja = 0.5–
2 А·dm–2 is considered to be rough and opaque. 
Sometimes, the films of a brown color are formed on the 
copper surface (Fig. 4a). These films consist of the oxide 
layers of a nonstochiometric composition, which is an 
ordinary phenomenon for the electrochemical metal 
oxidation.9,33 On attaining a maximum the curves show a 
decrease in the current value and it is indicative of the 
passive film formation. Copper is turned to the passive 
state and its dissolution in the plateau domain is controlled 
by the diffusion stage. There is an opinion that the 
electrochemical polishing occurs particularly in this 
domain.13 A further increase in the cell voltage results in 
the attainment of the oxygen release potential and it is 
characterized by the rise in current on polarization curves. 
In this case, a decrease in the copper dissolution current 
output value is observed (Fig. 2a). The treatment in these 
conditions allows us to obtain a smooth and glossy copper 
surface (Figs. 3c-d and 4c-d). A favorable effect of the 
butanol additive is vividly manifested in this case and it 
conditions an efficient smoothing, provides an abrupt 
decrease and even a complete removal of the copper 
etching. Though, the additive-free electrolytes also 
provide a glossy surface, however it has multiple etching 
points caused by the passive film breakdown. Additional 
explanations of the dependences in Fig. 2 can result in the 
measurement values of the current value of the potential 
of the copper electrode during the galvanostatic 
electrolysis (Table 2).  



Darja Sil'chenko et al.   

 

110 

Table 2. The current potential values of copper Ej after five-minute electrolysis 

Ej (V) at jа, А∙dm–2 Solution composition 
0.5 1 2 5 10 20 25 

С4H9OН:H3PO4 = 1:1 +0.11 +0.25 – +2.50 +3.28 +4.77 +5.52 
С4H9OН:H3PO4 = 2:1 – +0.32 +0.54 +3.51 +4.85 +6.90 +7.62 
С4H9OН:H3PO4 = 3:1 +0.52 +2.14 – +5.07 +8.18 +8.15 +8.10 
С4H9OН:H3PO4 = 1:2 – +0.35 +1.72 +2.03 +2.50 +3.49 +4.06 
С4H9OН:H3PO4 = 1:3 – +0.41 +1.08 +1.88 +2.31 +3.11 +3.49 

 
The values of Ej show that an increase in the 

alcohol content in the solution unambiguously contributes 
to a deeper passivation of the copper anode. At current 
densities of 10–2 A∙dm–2, the anode potential reaches 
+(2–8) V, which is incredible when copper dissolves in an 
active state. The value of the current potential of the 
electrode is abruptly shifted to the domain of positive 
values as the butanol content is increased in the solution. 
Probably, this shift indicates that alcohol participates in 
the formation of adsorption films on the copper surface or 
forces out water molecules from the pre-anode electrolyte 
layer that serve as the acceptors for copper ions.34 In this 
case, it will be more correct to speak not even about the 
copper electrode potential but about the voltage drop in 
the “copper electrode-passive film” system that is the sum 
of the proper copper potential, the electrode polarization 
value and the voltage drop in the passive layer The 
adsorption of butanol is proved by the inhibited copper 
dissolution and decreased current densities in the entire 
potential range on polarization curves. The participation 
of butanol in the formation of passive films governs an 
effective decrease in the copper surface roughness even at 
jа = 10–25 А·dm–2 that are located in the domain of 
combined reactions (Fig. 1b). 

4. Conclusions 

It is shown that butanol is an efficient inhibitor of 
the copper dissolution in phosphate solutions that 
contributes to a decrease in current values in the entire 
range of anode potentials. An inhibiting effect is increased 
with an increase in the alcohol content and it is 
conditioned by its absorption on the copper surface with 
the formation of the insulating film that is expressed as a 
peak on polarization curves.  

The gravimetric measurements that were carried 
out allowed us to establish that the current efficiency and 
the copper etching rate are defined by the electrolyte 
composition and the current density. With an increase in 
the alcohol content in the solution these indices are 
decreased especially at ja > 2 А∙dm–2 that corresponds to 
the domain of combined reactions. The treatment data that 
were obtained for phosphate butanol solutions show that 
the surface smoothing and its improved brilliance can be 

carried out with a greater degree of efficiency in the 
solutions with the ratio of С4H9OН:H3PO4 = 1:2 and 
lower; however it is accompanied by a removal of the 
thicker layer of copper. On the whole, the roughness of 
the treated surface was reduced from 2.78–3.57 to 0.56–
1.94 µm and it is indicative of an increase in the surface 
treatment class by one or two orders of magnitude.   
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ДОСЛІДЖЕННЯ ВПЛИВУ БУТАНОЛУ  

НА АНОДНУ ПОВЕДІНКУ МІДІ У РОЗЧИНАХ 
ФОСФАТНОЇ КИСЛОТИ  

 
Анотація. Досліджена анодна поведінка міді у елект-

ролітах на основі фосфатної кислоти і бутанолу. Аналіз одер-
жаних поляризаційних залежностей дозволив встановити 
ділянки знаходження міді у активному і пасивному стані та 
суміщеного протікання процесів розчинення міді і виділення 
кисню. Встановлено, що бутиловий спирт є інгібітором елект-
родних процесів на міді і сприяє різкому зниженню густин 
струму у діапазоні потенціалів аноду до початку виділення 
кисню. Додавання бутанолу обумовлює зникнення осциляцій 
струму, які присутні на поляризаційних залежностях у розчинах 
фосфатної кислоти. За співвідношення C4H9OН:H3PO4 = 1:3 
пасивація міді у фосфатно-бутанольних електролітах супро-
воджується появою чіткого піку, який розділяє зони активного і 
пасивного стану. При подальшому збільшенні співвідношення 
спирт:кислота пік поступово зменшується. Значення виходів 
за струмом ВС розчинення міді залежать від анодної густини 
струму ja і складу електроліту. Збільшення ja приводить до 
зниження ВС; аналогічний вплив має підвищення вмісту 
С4Н9ОН. Найбільші значення ВС спостерігаються в діапазоні 
ja = 0,5–2 А∙dm–2, що відповідають знаходженню міді у 
активному стані. Отримані залежності швидкості розчи-
нення міді дозволили встановити, що зі збільшенням ja до 20 
А∙dm–2 цей параметр також збільшується. Якість оброблення 
міді залежить від густини струму і складу електроліту. У 
розчинах зі співвідношенням С4H9OН:H3PO4 = 2:1 якість 
оброблення незадовільна, поверхня неблискуча і має сліди після 
шліфування. Якісна обробка спостерігається у електролітах зі 
співвідношенням С4H9OН:H3PO4 = 1:2 і нижче. Полірування у 
таких розчинах дає можливість отримати блискучу поверхню 
міді зі згладженим рельєфом і відсутністю слідів шліфування. 

 
Ключові слова: електрохімічне полірування, пасивація, 

бутиловий спирт, поверхнево-активна речовина, поляризаційна 
залежність. 

 


