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The effect of dicarboxylic and tricarboxylic acid at the anodic 
corrosion rate of copper in H3PO4 acid was investigated by 
potentiodynamic polarization for the concentration at 8M 
Phosphoric acid. The inhibition efficiency was (2.04-28.57%). 
The rates of corrosion were measured in the absence and in the 
presence of carboxylic acids. It is found that the rate of corrosion 
depends on the type of inhabitations and concentrations. 
Adsorption isotherms were given, the kinetic parameter was 
calculated and the dimensionless group was given. 

 
 

 
INTRODUCTION* 

 Electropolishing is widely employed in 
industry for micro finishing and debarring of 
different metallic components. A large number 
of electrolytic baths with different operating 
conditions are reported in the literature1-4 but 
there is little information available on the 
mechanisms involved in electropolishing in 
these systems. most of the published work 
related to fundamental understanding of 
electropolishing involved the study of 
electropolishing of copper in phosphoric acid5-12 

although some work on steel, nickel, and 
chromium have also been reported.13-17  
 In most of these studies electropolishing 
has been related to the existence of transport 
limited current plateau in the anodic 
polarization curve. 
 The corrosion of copper and its alloy is of 
industrial concern that has received a 

                                                 
 

considerable amount of attention. The 
corrosion of copper in acid media is important 
in the context of pickling, acid cleaning, acid 
descaling, etc. because of the general 
aggressiveness of acid solutions, the use of 
inhibitors to control the destructive attack of 
acid environment finds widespread application 
in many industries. A variety of organic 
compounds with functional groups containing 
heteroatom which can donate electron pairs 
are found to be useful as inhibitors in various 
media.18 Phosphoric acid H3PO4 is widely used 
in the protection of fertilizers and surface 
treatment of steel such as chemical and 
electrolytic polishing or etching, removal of 
oxide film, phosphating, passivating, and 
surface cleaning.19 However, little work 
appears to have been done on the corrosion 
inhibition of copper in H3PO4. The corrosion 
of copper in phosphoric acid was studied 
previously in the presence of alcohols,20 
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amines,21 acetic acid derivatives,22 and amino 
acid.23 Hence, the aim of this work is to examine 
the corrosion behavior of copper in H3PO4 in the 
presence of low price and low toxicity. The 
objective of this study was to investigate the effect of 
some dicarboxilic and tricarboxylic acid derivatives 
for the inhibition of copper corrosion in 8 M H3PO4 
at different conditions. The rate of copper corrosion is 
determined by measuring the anodic limiting current. 

EXPERIMENTAL 

Materials 

Citric acid, tartaric acid, succinic acid, malonic acid, and 
oxalic acid, chemically pure H3PO4 and double distilled water 
were used to prepare solutions. Electrode treatment is similar 
to that used by Wilke.24The rate of copper corrosion under 
different conditions is determined by measuring the limiting 
current at 25°C. Seven different concentrations of an acid 
compound with 8 H3PO4 are used, ranging from (0.5 x 10-4- 
5.0 x 10-4 M). 

Apparatus and procedure 

The cell and electrical circuit used in the present work 
were showed in previous work.6 The cell consists of a 
rectangular plastic container having the dimensions 5.1x5x10 cm 
with electrodes fill-in the whole cross section. The electrodes 
were rectangular copper sheets of 10 cm height and 5 cm 
width. Electrode separation was 5 cm. A porous PVC 
diaphragm was used to prevent the effect due to H2 bubbles. 
The electrical circuit consists of 6V D.C. power supply, while 
a voltmeter is connected in parallel to the cell to measure the 
voltage and multirange ammeter connected in series with cell 
to measure the current.25 

At the beginning, the electrodes were mechanically 
polished with different grades of silicon carbide papers 
(120,800 and 1,200) and washed with distilled water and 
decreased by acetone. The backs of the cathode and the anode 
were coated with locamit. Polarization curves, from which the 
limiting current was determined, were constructed by 
increasing the current stepwise and measuring the steady state 
cathode potential against the reference electrode.   

The Rotating Cylinder Electrode (RCE) 

The voltmeter is connected in parallel to  the cell to 
measure its voltage. The cathode consisted of Cu metal 
cylinder 1 cm diameter and 7 cm length. The disk is insulated 
by epoxy resin. The anode is made of cylindrical copper metal 
counter electrode of 12 cm diameter, it also acted as the 
reference electrode by virtue of its high surface area compared 
to that of the cathode.         

RESULTS AND DISCUSSION 

Leveling process 

 Leveling is the principle process in 
electropolishing.26-28 It can be explained by mass 

transfer mechanism.26 A cell with a diaphragm is 
used for this study. The use of this cell eliminates 
the effect of hydrogen gas evolved at the cathode 
from affecting the rate of mass transfer at the anode, 
i.e. nature of the free mass transfer by convection. A 
cell without diaphragm is used to study the effect of 
hydrogen gas evolved at the cathode on the rate of 
mass transfer at the anode, i.e. forced convection. 
The study of leveling is based on the classical 
current, voltage curves of electro-polishing. A 
typical polarogram is obtained in this study for 
dicarboxilic acids in the case of divided cell. 

The curve is divided into three parts: in the first 
part the current density (c.d.) is proportional to the 
voltage. At the second part of the curve, the metal 
undergoes electropolishing. In the first part, 
etching takes place and in the last part, some 
localized pitting occurs. 27 

The effect of “acid concentration” on the 
limiting current at anode 

 The observed limiting current represents the 
rate of anodic copper metal dissolution in Ortho-
phosphoric acid at 25°C. It was found that the 
limiting current decreased with increasing the 
concentration of acid compounds, additives and 
also the dependence of limiting current on the bulk 
concentration in the absence and in the presence of 
acid compounds additives was studied. From the 
practical point of view, we infer that the results 
indicating a decrease in IL (limiting current) by 
organic test-additives could be extended to suggest 
similar inhibition of corrosion rate in 8 M H3PO4 
by the type of organic additives under study. If the 
limiting current in the absence of an acid 
compound (I), and in the presence of acid 
compounds is (IL), the percentage of inhibition can 
be calculated from the following equation:  
  

 %Inhibition =   X 100         (1) 

 Fig. (2) showed that the percentage of inhibition 
caused by acid compound ranged from 9.72% to 
80.14%, depending on the type of organic 
compounds and on its concentration. These results 
are in agreement with the findings of other 
researchers who used the same range of 
concentration for other anode geometries.29,30 The 
decrease in the limiting current by increasing the 
concentration of organic acid could be attributed to: 
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(a) The decreasing solubility of dissolved 
copper phosphate in Ortho-phosphoric acid, (which 
is responsible for the limiting current).27 

(b) The increase in viscosity of the test solution 
in the presence of both di-and tri-carboxylic acids 
as compared to blank with the consequent decrease 
in diffusivity to Cu+2 as reported by Petit,7 
according to Stoke-Einstein equation.31 
 Also the increase in solution viscosity with 
increasing phosphoric acid concentration could 
lead to an increase in the diffusion layer 
thickness which represents the resistance to the 
rate of mass transfer of Cu2+ from anode surface 
to the bulk solution.27  
 The viscosity of organic additives, water- 
H3PO4 mixture was observed to be higher than the 
water-H3PO4 mixture, this possibly resulted in a 
decrease in diffusivity of Cu2+. Also, the solubility 
of copper phosphate in test solutions with organic 
additives was lower than water phosphoric acid 
mixture, so the saturation of the solution could be 
attained quickly, thus decreasing the limiting 
current.  

Adsorption isotherm 

   It is generally assumed that the adsorption 
isotherm of the inhibitor at the metal solution 
interface is the first step to be considered for 
mechanism of organic compounds in aggressive 
acid media. Four types of adsorption may take place 
on the inhibiting phenomena involving organic 
molecules at the metal-solution interface, namely: 
a) Electrostatic attraction between charges 
molecules and the charged metal. 
b) Interaction of uncharged electron pairs in the 
molecules with the metal. 
c) Interaction of electron with metal. 
d) A combination of the above.32 

Conceptions involve sharing or charge transfer 
from the inhibitor molecule to the surface in order 
to form coordinate bond. In fact, electron transfer 
is typical of transition metals having vacant low 
energy electron orbital. 

Concerning inhibitors, electron transfer can be 
expected with compounds having relatively loosely 
bound electron. This situation may arise because of 
the presence (in the adsorbed inhibitor) of multiple 
bonds or aromatic rings with a π character.33-41 

The inhibition efficiency of homogenous  
series of organic substances, differing only in the  
hetero atom, is usually in the following sequence:  
P > Se > S > N > O 

Langmuir adsorption isotherm is donated by:  
 

  =         (1)          

where K is the equilibrium constant of adsorption 
process, C is the concentration and θ is the Surface 
coverage.  
 The degree of surface coverage (θ) at constant 
temperature was determined from following 
expression as reported elsewhere .42 
 

 

 θ =       (2)                   

So that a linear-relationship can be obtained by 
plotting log (θ/C) against log (1-θ) for acids, 
moreover, it is observed from Fig. 3 that these 
plots are linear. Organic acids having polar atoms 
or groups which are adsorbed on the metal surface 
may interact by mutual repulsion or attraction and 
this may be the reason for the departure of slope 
value from unity.25 

Inhibitor adsorption characteristics can be 
estimated by using Langmuir isotherm, which is 
based on the assumption that all adsorption sites 
are equivalent and that molecule binding occurs 
independently from nearby sites being occupied or 
not given.43   

Fig. 4 shows the Flory-Huggins adsorption 
isotherm for copper electrode in H3PO4 plotted as 
log (θ /C) against log (1- θ) at 25°C a straight line 
obtained with slope X and intercept log xK. The 
experimental data fit the Flory-Huggins adsorption 
isotherm for all acids except succinic acid, 
represented by:  

 log θ /C = log xk + xlog (l - θ)         (3) 

where x is the number of' water molecules 
replaced by one molecule of the inhibitor. The 
adsorption of' inhibitors at the metal-solution 
interface might be due to the formation of either 
electrostatic or covalent bonding between the 
adsorbent and the metal surface atoms.44 

The kinetic adsorption isotherm may be written 
in the form.44 
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 log θ /1- θ =log k'+ y log C        (4)     

where y is the number of inhibitory molecules that 
occupy one active site. The binding constant of 
adsorption K= k'1/y , where 1/y is the number of the 
surface active sites occupied by one molecule of 
the inhibitor, and k is the binding constant.44 The 
linear relation of the inhibitor molecules between 
log θ and log (1- θ) at 25°C, and the calculated 
values of 1/y and K are given in Table 1. The 
values of 1/y depend on the type of the carboxylic 
acid derivative. It is obvious that the value of 1/y is 
in Table 1. Suggesting that, the compound is 
attached to one active site per inhibitor molecule. 
For all inhibitors (citric–, tartaric–, succinic–, 
malonic –, and oxalic acids). The values of 1/y are 
higher than one, indicating that the given inhibitor 
molecules are attached to more one active site. 
  

The free energy of adsorption (∆ Gads) at 
different concentrations was calculated from the 
following equation:  

  ∆Gads = - RTIn (55.5K)     (5) 

 The value 55.5 is the concentration of water in 
the solution mol 1-1. 

The values of ∆ Gads are given in Table 2. In all 
cases the ∆ Gads values were negative and lie in the 
range of 26.56 - 31.31 kJ mol-1. The most efficient 
inhibitor showed the most negative value. This 
suggested that they were strongly adsorbed on the 
metal surface. The negative values of ∆ Gads 
indicate the spontaneous adsorption of the 
inhibitor. It was found that ∆ Gads were more 
positive than 40 kJ mol-1 indicating that the 
inhibitors were physically adsorbed on the metal 
surface. Similar results have also been reported.45 
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Fig. 3 – The relation between log (θ/C) against log (1- θ) for all compounds at 25°C. 
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Fig. 4 – The relation between log (C /θ) against concentration for all carboxilic acids. 

 
Table 1 

Linear fitting parameters of dicarboxylic acid for divided cell at 293K 
Models Parameters 

     Langmuir                    Temkin               Flory-Huggins       Kinetic adsorption isotherm  Dicarboxylic acids 
compounds Slope        R2 A              R2 X             R2 Y             1/y          R2 
Citric acid  -1.4577   0.9408  1.6401     0.6097     0.9958 

Tartaric acid 0.1794    0.9718 -2.1758   0.9769 2.1170   0.9459 0.8625     1.1594     0.9964 
Succinic acid 0.1237    0.9595 -1.8896   0.9483 1.3539   0.9348  
Malonic acid  -1.8288   0.9364 0.0121   0.9364 1.1393      0.8777     0.9988 
Oxalic acid 1.0687      0.9426 -1.5128   0.9107 0.9731   0.9952 1.0655      0.9385      0.9855 

 
Table 2 

Calculated values of free energy  of adsorption ∆ Gads(kJmol-1) for different organic acids using different models for divided cell. 

  Langmuir            Temkin                    Flory-Huggins                 Kinetic adsorption isotherm  Dicarboxylic acids 
compounds ∆ Gads ∆ Gads ∆ Gads ∆ Gads 
Citric acid - -31.92 - -26.43 

Tartaric acid -10.65 -35.22 -25.71 -26.37 
Succinic acid -9.65 -34.19 -25.78 - 
Malonic acid - 36.48- -39.15 -29.35 
Oxalic acid -7.47 -37.02 29.89- -30.19 
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Table 3 

Electropolishing thermodynamic parameters in presence of different additives 

Thermodynamic Parameters 
Dicarboxylic 

acids  
compounds 

C x 105 
mol.l-1 Ea 

(kJ.mol-1) 
∆H* 

(kJ.mol-1) 
∆G* 

(kJ.mol-1) 
- ∆S* 

(J.mol-1 k-1) 

Blank 5.27 2.79 57.75 184.32- 
1.08 4.48 2.00 57.81 187.17- 
2.15 4.68 2.20 57.92 186.87- 
3.23 6.02 3.54 58.08 -182.94 
4.30 7.53 5.05 58.23 -178.37 

Citric acid 

5.38 
6.45 

7.93 
6.79 

5.46 
4.31 

58.33 
58.52 

177.34- 
-181.82 

Blank 5.27 2.79 57.75 184.32- 
0.50 5.62 3.14 57.91 -183.70 
1.00 5.53 3.06 58.01 -184.31 
1.50 7.17 4.69 58.11 -179.17 

2.00 6.10 3.62 58.25 
 -183.24 Tartaric acid 

2.50 
3.00 

4.01 
4.13 

1.53 
1.65 

58.36 
58.43 

190.61- 
-190.45 

Blank 5.27 2.79 57.75 184.32- 
0.80 6.69 4.21 57.93 -180.19 
1.60 6.02 3.54 58.08 182 .94- 
2.40 6.32 3.84 58.21 -182.35 
3.20 6.64 4.16 58..34 -181.69 

Succinic acid 

4.00 
4.80 

7.01 
6.12 

4.53 
3.64 

58.47 
58.75 

-180.93 
-s184.84 

Blank 5.27 2.79 57..75 184.32- 
0.21 4.24 1.76 57.87 188.19- 
0.42 5.74 3.27 57.97 183.47- 
0.63 3.62 1.15 58.11 191.05- 
0.84 4.90 2.42 58.19 -187.07 Malonic acid 

1.05 
1.26 

5.15 
5.85 

2.67 
3.37 

58.32 
58.48 

186.65- 
-184.82 

Blank 5.27 2.79 57.75 -184.32 
0.19 5.29 2.81 57.89 -184.73 
0.37 7.00 4.52 58.05 179.52- 
0.56 7.35 4.87 58.17 178.78- 
0.74 6.25 3.77 58.32 182.93- 

Oxalic acid 

0.93 
1.12 

3.39 
9.93 

0.91 
7.45 

58.49 
58.66 

193.13- 
171.67- 

 
 

Structure effect of organic additives 

     It is known that many additives are usually 
capable of adsorption on the anodic substrate and 
might even got trapped within the metal/solution 
interference. This may be due to either the need for 
the electron transfer to occur through the adsorbed 
layer or to a complex formation at the electrode 
surface. A complexation of the metal cation in the 

solution is also proposed. In many cases the use of 
additives is still done in an empirical way. Indeed, 
the number of such organic or non-organic 
substances is very large. Moreover, their action 
could be different according to the substrate, the 
ion to reduce and the electrolytic conditions. For 
example, additive re-orientation on the electrode 
surface has been observed to depend on the surface 
coverage or as a function of pH. 
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Fig. 1 – Current potential curves in presence and absence of carboxylic acids (height 5 cm, 8 M H3SO4, 25°C). 

 

 
Fig. 2 – The relation between the percentage inhibition and concentrations of carboxylic acids at 25°C. 

 
In the case of copper, a very great number of 

researches have already been undertaken, because 
of the industrial interest. A complex in solution 
between acids and Cu+ or Cu2+ cation is formed as 
a result of transport of copper ions from the 
interface to the bulk and the work for the discharge 
of copper complexion increases. 

The effect of inhibitor concentration on the 
inhibition efficiency of various acids in 8 M H3PO4 

is shown in Fig. 2. The order of decrease in 
inhibition efficiency of inhibitors is found to be as 
follows:               

Citric acid < tartaric acid < succinic acid < malonic 
acid < oxalic acid. 

 All inhibitors have a carboxylic group  
(–COOH) which is the effective group of 
adsorption on copper surface.  
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 Effect of temperature  
and thermodynamic parameters 

The effect of temperature on the Cu electropolish-
ing rate in the absence and presence of all acids was 
determined in the temperature ranges between (25-
40ºC) as illustrated in Table 1. It was observed that the 
anodic corrosion rate increases with temperature for 
different concentrations of organic additives.  

From the integrated form of the Arrhenius 
equation:                                              
   ln k= - Ea / RT + ln A      (6)           

where R is the gas constant (8.314 kJmol-1), E is 
the activation energy and A is the frequency factor, 
it can be seen that the gradient is given by –Ea/R 
and the intercept by ln A.  
 Table 1 displays the values of Ea for the used 
compounds. The values for enthalpy of activation 
∆H*, the entropy of activation ∆S*, and free energy 
of activation ∆G* can also be obtained by using the 
following equations and are given in Table 1.                                             

 ∆H* = Ea – RT   (7)     

 ∆S* / R = ln A – ln BTe/h (8) 
 ∆G* = ∆H* - T ∆S*     (9)                              
where: 
B :  Boltzmann’s constant. 
e : = 2.7183. 

h : Plank’s constant. 

A : Arrhenius constant. 

T : Absolute temperature, °K. 

R : The universal gas constant=8.314Jmol-1K-1.   

Values of Ea that have been derived from the slopes 
of Arrhenius plots33 are given.    
 It is obvious that the Ea values in the absence 
and presence of organic additives are less than  
28 k J mol-1, also indicating that the diffusion 
processes are controlling the Electrodepolishing 
reaction.34 The thermodynamic parameters such as 
change in free energy ∆G*, enthalpy ∆H* and 
entropy ∆S* were calculated in the same way as the 
related researches did in literature.32 Table 2 
summarizes the values of these thermodynamic 
properties. From transition state equation33 a 
straight line was obtained, from which ∆H* and ∆S* 
can be calculated from the slope and intercept, 
respectively. The free energy change, ∆G*, can be 
represented in the equation 

 ∆G* = ∆H* - T∆S*.  (9) 

 The result indicated by that the tested 
compounds acted as inhibitors through adsorption 
on copper surface, which resulted in the formation 
of a barrier to mass and charge transfer. The values 
of ∆H* reflect the strong absorption of these 
compounds on copper surface. The negative values 
of ∆S* pointed to a greater order produced during 
the process of activation. This can be achieved by 
the formation of an activated complex representing 
the association or fixation with consequent loss in 
the degree of freedom of the system during the 
process. ∆G* values showed a limited increase with 
a rise in the concentration of carboxylic acid 
additives revealing that weak dependence of ∆G* 
on the composition of the organic additives can be 
attributed largely to the general linear composition 
between ∆H* and ∆S* for the given 
temperature.21,27  
 The adsorption is usually followed by the 
liberation of heat of adsorption, so that I< 0, 
consequently the rate of adsorption decreases with 
the rise in temperature and as a result, the surface 
coverage at a given concentration decreases with 
rising temperature.  
 It is known that an increase in the heat of 
adsorption leads to an increase in the energy of 
adsorption. However, rising the temperature acts in 
the reverse direction, increasing the kinetic energy of 
the molecules, facilitating disruption (consequently in 
the physical adsorption). In the absence of organic 
substance, the results fit a straight line with an 
activation energy equals to -31.935 k.J.mol-1 which is 
higher than the values obtained when carboxylic acid 
substance was used as an inhibitor.  
 Thus, the low values of the activation energy 
show that: (i) the rate of electropolishing of copper 
from phosphoric acid decreases by adding small 
amounts of the dicarboxylic acid substances27 at 
temperature above 25°C; (ii) the adsorption 
process is physical adsorption and the molecules of 
dicarboxylic acid substance are disrupted 
completely at temperature above 30°C. 
 Table 1 shows that the entropy ∆S* possesses 
height, negative values indicating a highly ordered 
carboxylic acid species in the solution under 
investigation. These values have been found to be 
independent on the type of polymers. 

Data correlation 

To obtain an overall data correlation under the 
present conditions, where a rotating cylinder is 
used, the method of dimensional analysis was 
applied. To identify the variables, which affect the 
rate constant in the electropolishing reaction, the 
mechanism of forced convection mass transfer 
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should be recalled first. Forced convection takes 
place as a result of cylinder rotation. The thickness 
of this hydrodynamic boundary layer determines 
the thickness of the diffusion layer across which 
diffusion of Cu+2 from the solution bulk to the 
surface of iron takes place the thickness of the 
hydrodynamic boundary layer of the rotating 
cylinder and the diffusion layer are determined by 
the physical properties of the solution, the 
geometry of the system (cylinder diameter) and 
rotating speed. This picture leads to Eq. (10). 

 IL = f (η, ρ, D, V, d) (10) 

where, 
        IL = limiting current (mA)  
        ρ = density of bulk (g cm-3) 
        η = viscosity of bulk (cm2sec-1)  
        D = diffusion coefficient (cm2sec-1) 
        V = cylinder linear velocity (V = ωr) 
        ω = angular velocity (ω= 2 π rpm / 60)   
        d = diameter of the cylinder (cm) 
         r = radius of the cylinder (cm).      

.   

  

 
Fig. 5 – Overall mass transfer in case of dicarboxilic acid compounds. 
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Fig. 6 – The relation between the iLx102 and  ω0.7 of carboxylic acids at 25°C. 

 
Scanning electron microscope 

 
(a) blank 

 

  
                                              (b) citric                                                                                   (c) succinic  

Fig. 7 – Micrographs showing the surface of the (a) blank and (b) citric acid and (c) succinic acid. 
 

By using the method of dimensional analysis, 
the above equation can be written as follows: 

 Sh = a (Sc)b (Re)c  (11) 

where, Sh is Sherwood number, Sc is Schmidt 
number and Re is the Reynolds number, a, b and c 
are constants, other equation was tested 

 Sh = a Sc0.33 (Re)c   (12) 

By plotting log Sh/Sc0.33 against log Re, straight 
lines were obtained, where their slopes give the 
constant c and intercept give the constant a. 

The values of dimensionless groups Sh, Sc and 
Re have been used in obtaining the correlations 
shown in Fig. 6. 

The following dimensions equations obtained 
for all acids used are given:   
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1. For the solution in the presence of citric acid: 

Sh =0.039 (Sc)0.33 (Re) 0.62 

with an average deviation of ± 2.29% 
2. For the solution in the presence of tartaric acid:                                             

Sh = 0.027 (Sc)0.33 Re 0.66 

with an average deviation of ±6.72% 
3. For the solution in the presence of succinic acid: 

Sh = 1.24 (Sc)0.33 Re 0.60 

with an average deviation of ±5.5% 
4. For the solution in the presence of malonic acid: 

Sh = 1.16 (Sc)0.33 Re 0.6 

with an average deviation of ±5.66% 
5. For the solution in the presence of oxalic acid: 

Sh = 1.12 (Sc)0.33 Re 0.64 

with an average deviation of ±7.02%  
The exponents (0.7) donate a highly turbulent 

flow, which agrees with the previous mass transfer 
study in aqueous media. In our present study a 
forced convection mechanism21,27 is obtained 
which agree very well with the relationship given 
by Eisenberg et al.46 for mass transfer to a rotating 
cylinder in the turbulent flow system.   

Sh =0.0791 (Sc)0.356 (Re) 0.7 

The morphologies of the copper obtained under 
the described hydrogen co-deposition conditions 
are presented in Fig. 7 (a) blank. The analysis of 
these branches at the micro level revealed that the 
branches consisted of agglomerates of copper 
grains. It’s a porous, channel structure through 
which the interior of the powder particle can be 
seen. These channels were generated in situ by the 
simultaneous processes of the formation of copper 
particles. After addition of acid Fig. 7 (b) citric and 
(c) succinic acid reflects that these particles 
actually have a cauliflower-like structure. 

CONCLUSIONS 

 The rate of electropolishing of anodic 
dissolution of copper is measured by measuring the 
limiting current. It has been found that the rate of 
anodic corrosion decreases in the presence of 
carboxylic acids. The rate of inhibition depends on 
the concentration of acids. The rate of corrosion 
increases by increasing temperature.   
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