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Abstract
Inhibitors of corrosion are chemicals materials that, when added in little amount to an
environment impede the development of corrosion reactions. The inhibitors use is represent
one of selections of protecting alloys of metals from corrosion, which leads to protect surfaces
of metal in corrosive environments. Most organic compounds inhibitors that contain nitrogen,
are effective inhibitors in the acidic medium, especially hydrochloric acid. Copper represents
noble metal and requiring very strong oxidants for its dissolution or corrosion. The electrolytic
plating and chemical dissolution are the main processes used in the electronic devices
fabrication. Alloys made of copper are widely used in chemical processes especially when
heat and electrical conductivity are important factors in these processes, there is very wide
range of copper metal using in commercial applications. The corrosion inhibition or corrosion
control of alloy made of copper (Cu) – nickel (Ni) in hydrochloric acid (6% HCl) at the range
of temperature of (40–60°C) was studied in the absence and presence of the inhibitors used in
the experimental work were ethylenediamine (EDA) and tetraethylenepentamine (TEPA) at
the range of concentration of (1–10 g/l). The technique of weight loss was used to evaluate the
data of corrosion rate. EDA & TEPA were used as organic inhibitors of corrosion. Corrosion
rate decreased with increases of inhibitor concentration, while it increased with increases of
temperature. The adsorption isotherm of both inhibitors on metal surface used in this research
was found to follow Freundlich. The kinetic-thermodynamic data and adsorption isotherms
were used to evaluate the values of equilibrium constants (K).
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1. Introduction
Processes of corrosion are responsible for numerous losses mainly in the industrial field,
the best way to fight corrosion growth, among the different methods to shun loss or
extirpation of metal exterior, the use of inhibitor is represent one of the best methods
known of corrosion protection and one of the most useful on the industrial field. This
method is following stand up due to low cost and practice method [1–11]. Metallic copper
is a very widely used material due to for excellent electrical and thermal conductivities.
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Many of industrial equipment are constructed from copper, such as cooling tower parts,
heat exchangers tubes, etc., which maybe in contact with different aqueous – oxygen
containing environments. Oxygen presence may lead to corrosion problems and searching
for control of corrosion solutions is one of interesting research fields. Commonly, the
metallic materials corrosion in acidic media causes significant costs [12]. Corrosion can be
controlled using different techniques; one of these is inhibitors of corrosion [13–17].
Generally organic inhibitors have hetero atoms (oxygen, nitrogen, and sulphur). Hetero
atoms have higher electron density and basicity, thus work as effective inhibitor of
corrosion, as well as hetero atoms (O, N, and S) are the active centers for the process of
adsorption on the surface of metal. The most inhibitors are organic adsorbed on the surface
of metal by displacing molecules of water on the surface and forming a compact barrier are
showed by the existing data, non-bonded availability (lone pair) and p-electrons in
molecules of inhibitor facilitate transfer of electron from the inhibitor to the metal, a
coordinate covalent bond involving on the transfer of electrons to the surface of metal from
inhibitor may be formed, the chemisorption bond strength depends upon the electron
density on the donor atom of the functional group and the group polarizability [18]. The
inhibition mechanism of the anticorrosion compounds used in present paper is ascribed to
their interactions with the surface of metal by surface adsorption. The adsorption of an
inhibitor on a surface of metal depends on the nature and the surface charge of the metal,
the mechanism adsorption, chemical structure of inhibitor, and the type of the corrosive
solution [19–21]. The aim of the present paper was to study the effect of temperature and
concentration of inhibitor on the corrosion of alloy made of (copper–nickel) in the
corrosive solution in the presence of ethylenediamine (EDA) and tetraethylenepentamine
(TEPA) as corrosion inhibitors. The chemical structures of both inhibitors are shown
below:

TEPA

EDA

2. Experimental work
The alloy of copper–nickel corrosion was studied by using technique of weight loss in
absence and presence inhibitors (1, 4, 7, and 10 g/l) as a concentrations of corrosion
inhibitors in corrosive solution (6% HCl) at different temperature (40, 50, and 60°C).The
alloy used in this research is a square shape specimen with dimensions of (2×2×0.1) cm
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and analysis of Cu–Ni alloy as following: Sn = 0.1479%, Fe = 0.2%, Zn = 0.137%, Sb =
0.5%, Ni = 9.98%, Si = 0.02%, S = 0.0168%, Al = 0.0149% and Cu = 88.993%.
The samples alloy made of copper–nickel alloy were immersed in 100 cm3 acidic
solution contained in a conical flask, they were exposed for a period of 24 hours at a
concentration of inhibitor and temperature were used in this experiments. Weight losses
were determined in absence and presence of EDA & TEPA, in the present work the
corrosion rate units were g/m2·day (gmd).
3. Results and discussion
3.1 Measurements of weight loss represent by corrosion rates
The rates of corrosion of Cu–Ni alloy in corrosive solution represented by (6% HCl) as a
temperature function in absence and presence of different concentrations of inhibitor are
listed in Table 1 using technique of weight loss. The values of rates of corrosion were
calculated using the following equation:
CR  (W1  W2 ) / A  t

(1)

Where CR is corrosion rate (gmd), W1 and W2 (g) are the mass before and after
immersion, A is the surface area of Cu–Ni alloy samples (m2), and t is time of experiment
(day). While values of inhibitors efficiency were determined using the following equation:

% IE 

CR0  CR
100
CR0

(2)

Table 1. Temperature effect and concentration of inhibitor on the corrosion of alloy made of (Cu–Ni) in
corrosive solution (6% HCl).
Inhibitor type

Nil

Concentration of
inhibitor (g/l)

0

Temp.
(°C)

Corr. rate
(gmd)

Efficiency
(%)

40

3.21

–

50

322.1

–

60

.0202

–

1213

.021

2201

0.21

02.1

102.

.2..
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33211

21.8

1232

39.9

3
0
EDA

2
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3
0
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Inhibitor type

Concentration of
inhibitor (g/l)

Temp.
(°C)

Corr. rate
(gmd)

Efficiency
(%)

2

12.0

2120

30

021.

2322

3

32201

16.7

3.212

36.7

30230

50.5

30

2211

64.2

3

302.3

32

.201

102.

22.0

0322

30

221.

2121

3

3.22

16.8

302021

34.10

1202

40.6

30

1222

55.8

3

32232

16.12

312231

33.97

3.2...

40.0

12211

53.41
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0
2
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0
TEPA
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Table 1 and Figures 1, 2 show the variation of the rate of corrosion with concentration
of inhibitor at different values of temperature. The addition of inhibitors reduces the rate of
corrosion, this reduction depend on the inhibitors type. Figure 3 represents the comparison
between EDA & TEPA at different temperatures, the rate of corrosion increases with
temperature increasing. Figure 4 represent the relationship between efficiency and inhibitor
concentration. The efficiency of inhibitor used in present work increases with
concentration increasing from these figures (EDA) is the best.
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Figure 1. Effect of the concentration of EDA on the corrosion rate of Cu–Ni alloy in
hydrochloric acid at different temperatures.

Figure 2. Effect of the concentration of TEPA on the corrosion rate of Cu–Ni alloy in
hydrochloric acid at different temperatures.
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Figure 3. Effect of temperature on the corrosion rate of Cu–Ni alloy in hydrochloric acid in
presence of comparison between EDA and TEPA.

Figure 4. Efficiency of inhibitors (EDA and TEPA) vs. concentration of inhibitors at 40°C.

3.2 Effect of temperature and parameters of thermodynamic
In an acidic solutions (hydrogen evolution), the corrosion rate increases exponentially with
temperature [22]. Activation parameters for some systems can be estimated either from an
Arrhenius equation (Eq. 3) [23].
CR  A exp( Ea / RT )

(3)
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The surface coverage ( θ ) data are very useful while studying the mechanism of adsorption.
When the surface fraction covered is evaluated as a function of the inhibitor concentration
at constant temperature, adsorption isotherm could be estimated at equilibrium condition.
In present study three adsorption isotherms were used. Langmuir adsorption isotherm
(Eq. 4), Freundlich adsorption isotherm (Eq. 5), and kinetics – thermodynamics isotherm
(Eq. 6).
C / θ  1/ K L  C

(4)

lnθ  lnK F  nlnC

(5)

ln(θ / (1  θ)  lnK´ y ln C

(6)

KL and KF are the equilibrium constants of Langmuir adsorption isotherm and Freundlich
adsorption isotherm. While n is a power constant in Freundlich adsorption isotherm. In
Eq. 6, K´ is a constant, and y is the number of molecules of inhibitor occupying one active
site. Equilibrium constant corresponding to adsorption isotherm is given by k = k´1/y.
Values of y > 1 implies the inhibitor multilayer formation on the metal surface. Values of
y < 1 mean a given inhibitor molecules will occupy more than one active site. Equations 4–
6 can be represented graphically as shown in Figures 5, 6, 7, 8, 9 and 10 for Langmuir,
Freundlich adsorption, and kinetics – thermodynamics isotherms respectively. Table 2
collects the adsorption parameters for all mentioned adsorption isotherms that obtained
from graphical representations. [24].
Table 2. Adsorption parameters of EDA and TEPA.
Inhibitor

EDA

TEPA

T
(°C)

Langmuir isotherm

Freundlich
isotherm

Kinetics isotherm

KL
(L/ml)

0
Gads
(KJ/mol)

KF
(L/ml)

n´´

Ci
(g/l)

Ln A

Ea (kJ/mol)

40

4.2431

–14.215

0.234641

2.03915

0

2.399

51.14528

50

4.6119

–14.893

0.211887

1.93535

1

2.512

60.78373

0

2.492

60.93072

60

5.7751

–15.976

0.165564

1.72205

2

2.638

72.97691

30

2.833

95.99433

40

5.5671

–14.921

0.168908

2.00320

3

2.397

52.18664

0

2.366

51.53623

50

5.6239

–15.425

0.167027

2.00481

2

2.388

53.64165

60

5.6151

–15.899

0.162155

1.99203

10

2.418

57.41901
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Figure 5. Arrhenius plot of Cu–Ni alloy in hydrochloric acid containing various
concentrations of EDA that affect the corrosion rate at different temperatures (40–60°C).

Figure 6. Arrhenius plot of Cu–Ni alloy in hydrochloric acid containing various concentration
of TEPA that affect the corrosion rate at different temperatures (40–60°C).
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4. Conclusion
The ethylenediamine (EDA) acts as good and efficient inhibitor better than
tetraethylenepentamine (TEPA) for the corrosion of Cu–Ni alloy in 6% hydrochloric acid
medium. Efficiency of inhibition increases with inhibitor concentration increasing and
decreases with increasing of temperature, maximum inhibition efficiency for EDA and
TEPA were found to be 77% & 56.3% at the higher inhibitor concentration of 10 g/l and
temperature at 40°C. The adsorption on the surface of metal (Cu–Ni alloy) of inhibitors
used in this research followed Freundlich adsorption isotherm. Inhibitors containing
nitrogen, oxygen, sulphur and phosphorous in the conjugated system have particularly
been reported as efficient inhibitors of corrosion. These compounds can adsorb on the
surface of metal blocking the active sites and thereby decreasing the rate of corrosion.
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