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The 3,5-diamino-1,2,4-triazole (DAT) is investigated as corrosion inhibitor for copper in 2 M HNO3 

medium by electrochemical techniques such as electrochemical impedance spectroscopy (EIS) and 

potentiodynamic polarization curves and weight loss measurements. Results show that DAT is a good 

corrosion inhibitor and its inhibition efficiency increases by increasing the inhibitor concentration. 

Changes in impedance parameters were indicative of adsorption of DAT on the copper surface, leading 

to the formation of protective films. Tafel polarization study revealed that DAT acts as a mixed type 

inhibitor. The inhibitor adsorption process in copper/DAT/nitric acid system was studied at different 

temperatures (303-343 K) by means of weight loss measurements. The adsorption of DAT on copper 

surface obeyed Langmuir’s adsorption isotherm. The kinetic and thermodynamic parameters for 

copper corrosion and inhibitor adsorption, respectively, were determined and discussed. 

 

 

Keywords: 1,2,4-Triazole; Copper; Nitric Acid; Corrosion inhibition; Adsorption 

 

1. INTRODUCTION 

Among all the metals, copper has been one of the most common metals used for industrial and 

domestic purposes due to its excellent electrical conductivity, good mechanical workability, low cost 

and other relatively noble properties. It is a material commonly used in heating and cooling systems, 

http://www.electrochemsci.org/
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and it is also used for electricity transportation due to its high conductance. A variety of environmental 

factors can easily cause corrosion of copper. Scale and corrosion products have a negative effect on 

heat transfer, and they cause a decrease in heating efficiency of the equipment. That is why periodic 

descaling and cleaning in hydrochloric acid and nitric acid pickling solutions are necessary. In order to 

reduce the corrosion of metals, several techniques have been applied. The use of chemical inhibitors is 

one of the most practical methods for the protection against corrosion in acidic media. Most of the 

excellent acid inhibitors are organic compounds containing nitrogen [1–13], oxygen [4, 13, 14-17], 

phosphorus [18] and sulphur [19-23]. Studies of the relation between adsorption and corrosion 

inhibition are of considerable importance.  

Recently, we have investigated the inhibition effect of a 1,2,4-triazole derivative, namely 3-

amino-1,2,4-triazole, on the corrosion of copper in 2 M nitric acid [2]. This compound acts as good 

inhibitor and the maximum of inhibition efficiency value is 82.2 % at 10
-2

 M. In continuation of our 

work on development of triazole derivatives as corrosion inhibitors in acidic media, we have studied 

the corrosion inhibiting behaviour of a novel 1,2,4-triazole derivative, namely 3,5-diamino-1,2,4-

triazole (DAT), on copper in 2 M HNO3 medium. Tafel polarization, electrochemical impedance 

spectroscopy (EIS) and weight loss measurements were used to evaluate the inhibition properties of 

DAT. The effect of concentration and temperature on the inhibition efficiency has been examined. The 

thermodynamic parameters for both activation and adsorption processes were calculated and discussed. 

 

 

2. EXPERIMENTAL DETAILS 

2.1. Materials 

The investigated triazole, namely 3,5-diamino-1,2,4-triazole (DAT) is obtained from Sigma–

Aldrich chemical co. and its chemical structure is presented in Fig. 1. The concentration range of the 

tested inhibitors employed in the inhibition study was 1×10
-5

 M to 1×10
-2 

M. The material used in this 

study is a copper with a chemical composition (in wt%) of 0.01 % Ni, 0.019 % Al, 0.004 % Mn, 0.116 

% Si and 99.5 % Cu Prolabo Chemicals. Prior to all measurements, the copper samples were pre-

treated by grinding with emery paper SiC (180, 600 and 2000); rinsed with distilled water, degreased 

in ethanol in an ultrasonic bath immersion for 5 min, washed again with bidistilled water and then 

dried at room temperature before use. The acid solutions (2 M HNO3) were prepared by dilution of an 

analytical reagent grade 65% HNO3 with doubly distilled water. 
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H

N
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Figure 1. The molecular structure of DAT. 
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2.2. Electrochemical tests 

2.2.1. Electrochemical cell 

 

Electrochemical measurements were carried out in a conventional three-electrode cylindrical 

Pyrex glass cell. All electrochemical tests have been performed at 303 K in non-de-aerated solutions 

The working electrode (WE) in the form of disc cut from copper has a geometric area of 0.28 cm
2 

and 

is embedded in polytetrafluoroethylene (PTFE). A saturated calomel electrode (SCE) and a platinum 

electrode were used, as reference and auxiliary electrodes, respectively. A fine Luggin capillary was 

placed close to the working electrode to minimize ohmic resistance. The working electrode was 

immersed in test solution during 30 minutes until a steady state open circuit potential (Eocp) was 

obtained.  

 

2.2.2.  Electrochemical impedance spectroscopy (EIS)  

Electrochemical impedance spectroscopy experiments were conducted using Tacussel-

Radiometer PGZ 3O1 and Voltamaster.4 Software was used to run the tests and to collect the 

experimental data. Ac impedance measurements were carried-out in the frequency range of 100 kHz to 

10 mHz, with 10 points per decade, by applying 10 mV ac voltage peak-to-peak. Nyquist plots were 

made from these experiments. The best semicircle can be fit through the data points in the Nyquist plot 

using a non-linear least square fit so as to give the intersections with the x-axis. 

 

2.2.3. Potentiodynamic polarization 

 

Potentiodynamic polarization experiments were conducted using an electrochemical 

measurement system Tacussel Radiometer PGZ 301 controlled by a PC supported by Voltamaster.4 

Software. The polarization curve was recorded by polarization from -150 to 150 mV versus Eocp with a 

scan rate of 1 mV s
-1

 under air atmosphere. 

 

2.3. Weight loss measurements 

The gravimetric measurements were carried out at the definite time interval of 1 h at room 

temperature using an analytical balance (precision ± 0.1 mg). The copper specimens used have a 

rectangular form (length = 2 cm, width = 2 cm, thickness = 0.2 cm). Gravimetric experiments were 

carried out in a double glass cell equipped with a thermostated cooling condenser containing 50 ml of 

non-de-aerated test solution. After immersion period, the copper specimens were withdrawn, carefully 

rinsed with bidistilled water, ultrasonic cleaning in acetone, dried at room temperature and then 

weighted. Duplicate experiments were performed in each case and the mean value of the weight loss is 

calculated.  
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3. RESULTS AND DISCUSSION 

3.1. Ac impedance study 

The corrosion behaviour of copper, in acidic solution in the presence and absence of DAT 

compound, is investigated by the electrochemical impedance spectroscopy (EIS) at 303 K after 30 min 

of immersion. The polarization resistance (Rp) values are calculated from the difference in impedance 

at lower and higher frequencies, as suggested by Tsuru et al. [24]. To obtain the double layer 

capacitance (Cdl) the frequency at which the imaginary component of the impedance is maximal (-

Zmax) is found as represented in the following equation where Rct is the charge-transfer resistance: 

 

ctmax

dl
2

1

Rf
C


          (1) 

 

Nyquist plots recorded for copper electrode in 2M HNO3 solution and containing various 

concentrations of DAT are shown in Fig. 2. As can be seen from this figure, the Nyquist plots do not 

yield perfect semicircles as expected from the EIS theory. The deviation from ideal semicircle was 

generally attributed to the frequency dispersion [25] as well as to the inhomogenities of the surface and 

mass transport resistant [26]. In the evaluation of Nyquist plots, the difference in real impedance at 

lower and higher frequencies is generally considered as charge transfer resistance. The resistance 

between the metal and outer Helmholtz plane (OHP) must be equal to the charge-transfer resistance 

(Rct) but in the present paper Rp was used instead of Rct which has been discussed elsewhere [27,28].  
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Figure 2. Impedance spectra obtained on the copper in 2 M HNO3 in the presence of different 

concentration of DAT at 303 K. 
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Fig. 2 shows that the impedance response of copper has significantly changed by the addition 

of DAT to the corrosive solution and Rp values are bigger than that of uninhibited one and the 

impedance of inhibited substrate increases with increasing concentration of inhibitor in nitric acid. The 

impedance spectra of inhibited solutions consist of one depressed semicircle with a considerable 

deviation from an ideal semicircle. DAT molecules adsorb on the copper surface and modify the 

interface. The adsorption of inhibitor molecules on the metal surface decreases its electrical capacity 

because they displace the water molecules and other ions originally adsorbed on the metal surface [29]. 

This modification results in an increase of polarization resistance. The Rp values increased with DAT 

concentration may suggest the formation of a protective layer on the electrode surface. This layer 

makes a barrier for mass and charge transfers. The results show that Rp values increased with increase 

of inhibitor concentration. The electrochemical impedance parameters derived from the Nyquist plots 

and the inhibition efficiencies EZ(%) are shown in Table 1. 

 

Table 1. Impedance parameters and inhibition efficiency values for copper in 2 M HNO3 without and 

with different concentrations of DAT at 303 K. 

 

Cinh 

(M) 

Rp 

(Ω cm
2
) 

fmax 

(Hz) 

Cdl 

(μF/cm
2
) 

EZ 

(%) 

Blank 91.4 15.82 110.1 — 

1×10
-5

 137.3 11.16 103.9 33.4 

1×10
-4

 193.9   7.94 103.4 52.9 

1×10
-3

 256.2   7.14   87.0 64.3 

5×10
-3

 351.2   5.62   80.7 74.0 

1×10
-2

 446.1  5.00   71.4 79.5 

 

It is clear from Table 1 that by increasing the inhibitor concentration, the Cdl values tend to 

decrease and the inhibition efficiency increases. The decrease in Cdl values can be attributed to a 

decrease in local dielectric constant and/or an increase in the thickness of the electrical double layer, 

suggesting that DAT act by adsorption at the copper/solution interface [30]. On the other hand, the 

values of Cdl decreased with an increase in the inhibitor concentration. This behaviour was the result of 

an increase in the surface coverage by this inhibitor, which led to an increase in the inhibition 

efficiency. The thickness of the protective layer, δorg, was related to Cdl by the following equation [31]: 

 

dl

r0

org
C


          (3) 

 

where ε0 is the dielectric constant and εr is the relative dielectric constant. This decrease in the 

Cdl, which can result from a decrease in local dielectric constant and/or an increase in the thickness of 

the electrical double layer, suggested that DAT function by adsorption at the metal/solution interface. 
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Thus, the change in Cdl values was caused by the gradual replacement of water molecules by the 

adsorption of the organic molecules on the metal surface, decreasing the extent of metal dissolution 

[32]. The inhibition efficiency EZ(%) is calculated, in the case of ac impedance method, by Rp using 

Eq. 2, where 0

pR  and pR  are the polarization resistance values without and with inhibitor [2], 

respectively : 

 

EZ(%) = 0

p

p

0

p

1/

1/1/

R

RR 
  100       (2) 

 

From Table 1, is obvious that the increase in inhibitor concentration enhances Rp, and 

consequently improves the inhibition efficiency till reaching their maximum value at 10
-2

 M (Rp = 

446.1 Ω cm
2
, EZ(%) = 79.5).  

 

3.2. Potentiodynamic polarization study 

Polarization measurements have been carried out in order to gain knowledge concerning the 

kinetics of the anodic and cathodic reactions. The obtained Tafel polarization curves of copper in 2 M 

HNO3 solution without and with different DAT concentrations are shown in Fig. 3. They show that the 

addition of the inhibitor hindered the acid attack of the copper electrode.  
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Figure 3. Potentiodynamic polarization curves of copper in 2 M HNO3 for various concentrations of 

DAT at 303 K. 

 

Electrochemical kinetic parameters (corrosion potential (Ecorr), corrosion current density (Icorr) 

and cathodic Tafel slope (bc)), determined from these experiments by extrapolation method, are 
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reported in Table 2. The inhibition efficiencies, EI(%), are calculated from Icorr values using the 

following equation: 

 

EI(%) = 
O

O

corr

corrcorr

I

II 
  100      (4) 

 

where O

corrI  and corrI  are the corrosion current densities for copper electrode in the 

uninhibited and inhibited solutions, respectively. 

 

Table 2. Potentiodynamic polarization parameters for the corrosion of copper in 2 M HNO3 without 

and with different concentrations of DAT. 

 

Cinh  

(M) 

Ecorr  

(mV/SCE) 
c  

(mV/dec) 

Icorr  

(μA/cm
2
) 

EI  

(%) 

Blank 34 238 365.1 — 

1×10
-5

 32 229 265.2 27.4 

1×10
-4

 33 239 175.3 52.0 

1×10
-3

 35 237 126.9 65.2 

5×10
-3

 28 232 100.6 72.4 

1×10
-2

 35 265 071.9 80.3 

 

As it is show in Fig. 3 and Table 2, cathodic current–potential curves give rise to parallel Tafel 

lines indicating that the hydrogen evolution reaction is under activation controlled. The cathodic 

current density decreases with the concentration of DAT however, a slight effect is observed on the 

anodic portions. This result indicates that DAT is adsorbed on the metal surface on the cathodic sites 

and hence inhibition occurs. These results demonstrate that the hydrogen reduction is inhibited and that 

the inhibition efficiency increases with inhibitor concentration to attain 80.3 % at 10
-2

 M of DAT. The 

inhibition efficiency values, calculated from Tafel polarization method, show the same trend as those 

obtained from ac impedance study. We also remark that the inhibitor acts on the anodic portion and the 

anodic current density is reduced (Fig. 3). It seems also that the presence of the inhibitor change 

slightly the corrosion potential values in no definite direction. These results indicated that DAT acts as 

a mixed-type inhibitor.  

 

3.3. Gravimetric measurements 

3.3.1. Effect of concentration 

The effect of addition of different concentrations of DAT on the corrosion of copper in 2 M 

HNO3 solution was studied by weight loss measurements at 303 K for 1 h immersion period. For every 
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concentration, the mean value of the corrosion rate CR(mg/cm
2
 h

1
) was determined and the inhibitor 

efficiency, EWL(%), was calculated using Eqs. 5 and 6, respectively [34]: 

 

At

WW
C ab

R


         (5) 

1001(%)
0

WL

i















w

w
E        (6) 

 

where Wb and Wa are the specimen weight before and after immersion in the tested solution, w0 

and wi are the values of corrosion weight losses of copper in uninhibited and inhibited solutions, 

respectively, A the area of the copper specimen (cm
2
) and t is the exposure time (h). Values of 

corrosion rates and inhibition efficiencies are given Table 3. The variations in the inhibition efficiency 

and corrosion rate with DAT concentration shown in Fig 4 suggest that DAT inhibits copper at all the 

concentration range used in the study. Maximum inhibition efficiency was reported at 10
-2

 M 

concentration of DAT. It is evident from the Table 3 that the corrosion rate (CR) decreases and 

inhibition efficiency (EWL %) increases with increase in DAT concentration. The inhibition efficiency 

values, calculated from weight loss measurements, are in good agreement with those obtained from 

and EIS and Tafel polarization techniques.  

The corrosion resistance of copper in 2 M HNO3 by another 1,2,4-triazole derivative, namely 3-

amino-1,2,4-triazole (ATA) was previously described [2]. The variation in inhibitive efficiency mainly 

depends on the type and the nature of the substituent present in the inhibitor molecule. Indeed, the 

inhibition efficiency of ATA attains 82.2% at 10
-2

 M [2]. The substitution of hydrogen on the carbon 

(C5) of the triazole ring in ATA [2] by –NH2 group in DAT (this work) arises an enhancement of the 

inhibition efficiency, from 82.2 % to 86.5% at 10
-2 

M, that may be due to the introduction of a strong 

electron releasing substituent on the triazole moiety, giving therefore a favourable electron density for 

preferential adsorption interactions. Hence it facilitates greater adsorption of DAT on copper surface 

than ATA, leading to higher inhibition efficiency of DAT than ATA.   

 

Table 3. Corrosion parameters for copper in aqueous solution of 2 M HNO3 in the absence and 

presence of different concentrations of DAT from weight loss measurements at 303K. 

 

Inhibitor concentration  

(M) 

CR 

(mg/cm
2
 h) 

EWL 

(%) 

Blank 1.78 — 

1×10
-5

 1.19 33.3 

5×10
-5

 1.12 37.1 

1×10
-4

 0.85 52.5 

5×10
-4

 0.82 53.6 

1×10
-3

 0.54 69.7 

5×10
-3

 0.33 81.3 

1×10
-2

 0.24 86.5 



Int. J. Electrochem. Sci., Vol. 7, 2012 

  

6005 

0.000 0.003 0.006 0.009

0.2

0.4

0.6

0.8

1.0

1.2

 

 C
R

 E
WL

 (%)

C
inh

 (M)

C
R
(m

g
/c

m
2
.h

)

30

40

50

60

70

80

90

In
h

ib
itio

n
 e

ffic
ie

n
c
y

 (%
)

 
Figure 4. Variation of inhibition efficiency (EWL %) and corrosion rate (CR) in 2 M HNO3 on copper 

surface without and with different concentrations of DAT. 

 

3.3.2. Effect of temperature 
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Figure 5. Arrhenius plots for copper corrosion rates (CR) in 2 M HNO3 in absence and in presence of 

10
-2

 M of DAT. 

 

The effect of temperature on the corrosion parameter of copper in 2 M HNO3 was studied at 

303 to 343K. The mechanism of inhibition can be deduced by comparing the activation energy in the 

presence and absence of the inhibitor. The Arrhenius plot and transition state plot were used to 

determine the activation energy (Ea), activation enthalpy (Ha), and activation entropy (Sa) for the 
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corrosion of copper in 2 M HNO3 with and without 10
-2

 M of DAT. The activation energy can be 

obtained by the Arrhenius equation and Arrhenius plot: 

 











RT

E
kC a

R exp         (7) 

 

where Ea is the apparent activation corrosion energy, R is the universal gas constant, k is the 

Arrhenius pre-exponential factor and T is the absolute temperature. The linear regression plots between 

Ln(CR) and 1/T are presented in Fig.5. 

The calculated activation energies, Ea, and pre-exponential factors, k, at different 

concentrations of the inhibitor are collected in Table 4. The change of the values of the apparent 

activation energies may be explained by the modification of the mechanism of the corrosion process in 

the presence of adsorbed inhibitor molecules [35]. Kinetic parameters such as enthalpy and entropy of 

corrosion process may be evaluated from the temperature effect. An alternative formulation of 

Arrhenius equation is [36]: 

 













 













 


RT

H

R

S

Nh

RT
C aa expexpR       (8) 

 

where h is Plank’s constant, N is Avogrado’s number, Sa is the entropy of activation and Ha 

is the enthalpy of activation.  

Fig. 6 shows a plot of Ln(CR/T) against 1/T. A straight lines are obtained with a slope of  

(–Ha/R) and an intercept of (Ln R/Nh + Sa/R) from which the values of Ha and Sa are calculated 

and are listed in Table 4. The positive sign of the enthalpy (ΔHa) reflects the endothermic nature of the 

copper dissolution process.  
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Figure 6. Transition-state plots for copper corrosion rates (CR) in 2 M HNO3 in absence and in 

presence of 10
-2

 M of DAT. 
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The increase of Ea and ∆Ha accompanying the increase in the inhibitor concentration is 

explained by an increase of the energy barrier of corrosion reaction. The positive sign of the enthalpy 

(ΔHa) reflects the endothermic nature of the copper dissolution process [36]. The higher activation 

energy in the inhibitor’s presence further supports the proposed physisorption mechanism. Unchanged 

or lower values of Ea in inhibited systems compared to the blank to be indicative of chemisorption 

mechanism, while higher values of Ea suggest a physical adsorption mechanism. The positive values of 

entropy of activation (Sa) are obtained in the presence of the inhibitor and in the absence. The entropy 

of activation (Sa) decreased in the presence of DAT compared to free acid solution. As adsorption is 

an exothermic process and always accompanied by a decrease of entropy. Generaly the adsorption of 

organic inhibitor molecules from the aqueous solution can be regarded as a quasi-substitution process 

between the organic compound in the aqueous phase and water molecules at the electrode surface [37]. 

In this situation, the adsorption of inhibitor is accompanied by desorption of water molecules from the 

copper surface. Thus, while the adsorption process for the inhibitor is believed to be exothermic and 

associated with a decrease in entropy of the solute, the opposite is true for the solvent. 

 

Table 4. Corrosion kinetic parameters for copper in 2 M HNO3 at 10
-2

 M of DAT. 

 

Medium 

 

k 

(mg/cm
2
 h) 

R
2
 

 

Ea 

(kJ/mol) 
Ha 

(kJ/mol) 

Sa  

(J/mol K) 

Blank 3.66×10
17

 0.999 100.21 97.53 82.36 

DAT 5.57×10
16

 0.999 100.53 97.85 66.69 

 

3.3.3. Adsorption isotherm and thermodynamic activation parameters 

It is widely acknowledged that adsorption isotherms provide useful insights onto the 

mechanism of corrosion inhibition as well as the interaction among the adsorbed molecules themselves 

and their interaction with the electrode surface [38]. Organic compounds adsorption can be described 

by two main types of interactions: physical adsorption (physisorption) and chemical adsorption 

(chemisorption). They are influenced by the nature of the charge of the metal, the chemical structure of 

the inhibitor and the type of electrolyte. Important information about the interaction between the 

inhibitor molecules and metal surface can be provided by the adsorption isotherm. The surface 

coverage () suggests that a bond is formed between the metal atoms and the inhibitor molecules. The 

surface coverage is then a function of the electronic density on the functional atom(s) of the organic 

inhibitor; the molecules may be adsorbed on the metal/solution interface by the formation of either 

electrostatic or covalent bonds between the adsorbates and the metal surface atoms. Surface coverage 

data was useful in determining inhibitor adsorption characteristics. The fractional surface coverage () 

can be easily determined from weight loss measurements by the ratio EWL(%) / 100, if one assumes 

that the values of EWL(%) do no differ substantially from . Results of the present work were fitted to 

different isotherm type models to represent the adsorption behavior of DAT on copper surface [39] and 

the best fit was obtained with the Langmuir adsorption isotherm. The Langmuir adsorption isotherm 
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model has been used extensively in the literature for various metal, inhibitor and acid solution systems 

[40–42]. A plot of Cinh/  versus Cinh (Fig. 7) gives a straight line with an average correlation 

coefficient of 0.999 and a slope of nearly unity (1.14) suggests that the adsorption of DAT molecules 

obeys Langmuir adsorption isotherm, which can be expressed by the following equation: 

 

inh

ads

inh 1
C

K

C



          (9) 

 

where Cinh is the inhibitor concentration in the electrolyte and Kads is the equilibrium constant 

of the adsorption process which is related to the standard Gibbs energy of adsorption, ο

adsG , according 

to: 
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G
K

ο
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ads exp
55.55

1
      (10) 

 

where R is the universal gas constant. T the thermodynamic temperature and the value of 55.55 

is the concentration of water in the solution in mol/L [43]. 
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Figure 7. Langmuir adsorption isotherm for copper in 2 M HNO3 containing different concentrations 

of DAT at 303 K. 

 

The value Kads calculated from the reciprocal of intercept of isotherm line as 5546.1 M
−1

. The 

high value of the adsorption equilibrium constant reflects the high adsorption ability of this inhibitor 

on copper surface. From Eq. (8), the ο

adsG  was calculated as -31.83 kJ/mol. The negative value of 
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standard free energy of adsorption indicates spontaneous adsorption of triazole molecules on copper 

surface and also the strong interaction between inhibitor molecules and the metal surface  

[44, 45]. Generally, the standard free energy values of -20 kJ/mol or less negative are associated with 

an electrostatic interaction between charged molecules and charged metal surface (physical 

adsorption); those of -40 kJ/mol or more negative involves charge sharing or transfer from the inhibitor 

molecules to the metal surface to form a co-ordinate covalent bond (chemical adsorption) [46, 47]. The 

value of ο

adsG  in our measurement is -31.83 kJ/mol, it is suggested that the adsorption of DAT 

involves two types of interaction, chemisorption and physisorption [48].Generally, Corrosion 

inhibition mechanism in acid medium is the adsorption of inhibitor onto the metal surface. As far as 

the inhibition process is concerned, it is generally assumed that adsorption of the inhibitor at the 

metal/solution interface is the first step in the action mechanism of the inhibitors in aggressive acid 

media. Four types of adsorption may take place during inhibition involving organic molecules at the 

metal/solution inter-face: (1) electrostatic attraction between charged molecules and the charged metal, 

(2) interaction of unshared electron pairs in the molecule with the metal, (3) interaction of π-electrons 

with the metal, and (4) a combination of the above [49]. Concerning inhibitors, the inhibition 

efficiency depends on several factors; such as the number of adsorption sites and their charge density, 

molecular size, heat of hydrogenation, mode of interaction with the metal surface, and the formation 

metallic complexes [50]. Physical adsorption requires presence of both electrically charged surface of 

the metal and charged species in the bulk of the solution; the presence of a metal having vacant low-

energy electron orbital and of an inhibitor with molecules having relatively loosely bound electrons or 

heteroatom with lone pair electrons. However, the compound reported can be protonated in an acid 

medium. Thus they become cations, existing in equilibrium with the corresponding molecular form: 

 
x

DAT xH DATHx  
   

 

However, the protonated DAT could be attached to the copper surface by means of electrostatic 

interaction between NO3
-
 and protonated DAT since the copper surface has positive charge in the 2 M 

HNO3 medium. This could further be explained based on the assumption that in the presence of NO3
-
, 

the negatively charged NO3
-
 would attach to positively charged surface and thereby protonated DAT 

being adsorbed to the metal surface. 

 

 

 

4. CONCLUSIONS 

The 3,5-diamino-1,2,4-triazole (DAT) shows good inhibition properties for the corrosion of 

copper in 2 M HNO3 at 303 K, and the inhibition efficiency increases with increase in the inhibitor 

concentration. The inhibitor efficiencies determined by ac impedance, Tafel polarization and weight 

loss methods are in reasonable agreement. Based on the Tafel polarization results, DAT can be 

classified as mixed inhibitor. The inhibition efficiency E(%) of DAT is found to decrease 

proportionally with increasing temperature and its addition to 2 M HNO3 leads to slight increase of 
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apparent activation energy (Ea) of corrosion process. The corrosion process is inhibited by the 

adsorption of DAT on copper surface and the adsorption of the inhibitor fits a Langmuir isotherm 

model at 303 K. Thermodynamic adsorption parameters show that DAT is adsorbed on copper surface 

by an exothermic, spontaneous process. Moreover, the calculated values of ο

adsG  reveal that the 

adsorption mechanism of DAT on copper surface in 2 M HNO3 solution is mainly due to 

physisorption.  
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