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1. Introduction 

Acids are widely used in acid pickling, industrial acid cleaning, 
acid descaling, oil well acidizing, and manufacturing processes in 
different industries. Inhibitors are used in acid solutions in order 
to minimize corrosive attack of the metal or alloy[1]. The most 
commonly used acids are hydrochloric, sulfuric, nitric, 
hydrofluoric, citric, formic, and acetic acid. Unlike hydrochloric 
and sulfuric acids, nitric acid is an oxidizing acid and it is 
difficult to inhibit high and medium concentrations effectively 
[1]. Use of the organic compounds as corrosion inhibitors in 
nitric acid, has been scarcely attempted because of the 
presumption that organic compounds would not be stable in the 
acid and would show very poor inhibition[2]. Inhibitors used in 
nitric acid pickling solutions include Propargyl mercaptan, 
propargyl sulfide, ethanethiol, thioacetic acid, mercaptoacetic 
acid, diethylsulfide, and thiourea in low concentration [3, 4].  

 
Figure 1 Chemical structure of the studied inhibitors [5, 6]. 
 
The aim of this study is to shed some light about the similarity 
that found in the potentiodynamic curves when studying the 
corrosion inhibition of copper in nitric acid. 

2. Experimental procedure 

The experimental setup has been described in details in our 
previous studies [5, 6]. A brief description of the experimental 
setup has been presented. A cylindrical copper rod (Puratronic, 
99.999%, Johnson Matthey Chemicals) was welded with iron-
wire for electrical connection and mounted in Teflon with an 
active flat disc shaped surface of (0.28 cm2) geometric area, to 
contact the test solution. Prior to each experiment, the copper 
electrode was polished using different grit sizes emery papers up 
to 4/0 grit size to remove the corrosion products if any, formed 
on the surface. The copper electrode was etched in 7M HNO3 
solution for 15 s, cleaned in 18 MΩ water in an ultrasonic bath 
for 5 min., and subsequently rinsed in acetone and bi-distilled 
water, and immediately immersed in the test solution.  
Two different organic compounds namely, L-methionine and 1-
(phenylsulphonyl)- 1H-benzo[d] [1,2,3] triazole are used as 
corrosion inhibitors for copper in 1M HNO3 are presented in Fig. 
1[5, 6]. All of these compounds were obtained from Aldrich 
chemical Co. They were put in the 1.0 M HNO3 (Fisher 
Scientific) without pre-treatment at concentrations of 10-4,5×10-4, 
10-3 and 5× 10-3M. The electrode was immersed in these 
solutions for one hour before starting measurements, the time 
necessary to reach a quasi-stationary value for the open circuit 
potential. 
A conventional electrochemical cell of capacity 250 ml was used 
containing three compartments for working, platinum mesh 
counter and reference electrodes. A Luggin-capillary was also 
included in the design, the tip of which was made very close to 
the surface of the copper electrode to minimize IR drop. The 
reference electrode was a saturated calomel (SCE) used directly 
in contact with the test solution. The measurements were carried 
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This study gives an example of secondary inhibition that appeared when 
investigating the corrosion inhibition of copper in nitric acid solutions by some L-
methionine and benzotriazole derivatives as we obtained similar polarization 
behavior in both cases. An assumption that nitric acid might causes decomposition 
of those inhibitors and produce the same products that are more effective than the 
primary compounds themselves. Inhibition due to the reaction products of the 
decomposition of the studied inhibitors is called secondary inhibition. 
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out in aerated stagnant 1.0 M HNO3 solutions at 25oC (using 
water thermostat ± 1oC) without and with various concentrations 
(10-4 – 5 ×10-3 M) of the studied L-methionine and and 1-
(phenylsulphonyl)-1H-benzo[d][1,2,3]triazole , as possible 
corrosion inhibitors. All solutions were freshly prepared from 
analytical grade chemical reagents using doubly distilled water 
and were used without further purification. For each run, freshly 
prepared solutions as well as a cleaned set of electrodes were 
used. Potentiodynamic polarization curves were obtained by 
changing the electrode potential automatically from (-240 to 
+180 mVSCE ) with a scan rate of 1 mVSCE s-1. Measurements 
were performed with a Gamry Instrument 
Potentiostat/Galvanostat/ZRA. This includes a Gamry 
Framework system based on the ESA400, Gamry applications 
that include DC105 for dc corrosion measurements, EIS300 for 
impedance measurements to calculate the corrosion current and 
the Tafel constants along with a computer for collecting the data. 
Echem Analyst 5.58 Software was used for plotting, graphing 
and fitting data.  

 
Figure 2 Anodic and cathodic Tafel polarization curves for 
copper in 1.0 M HNO3 in the absence and presence of various 
concentrations of the studied inhibitors at 25oC. 
 
3. Results and discussion 
Low concentrations of nitric acid has been applied to the 
hydrolysis of several organic substances. 
Both L-methionine and 1-(phenylsulphonyl)-1H-
benzo[d][1,2,3]triazole , Fig. 1 , showed good corrosion 
inhibition efficiency for copper in 1.0 M HNO3 [5, 6]. The 
potentiodynamic polarization figures have been presented in 
Figure 2 [5, 6]. The electrochemical kinetic parameters calculated 
from the potentiodynamic polarization have been presented in 
Table 1[5, 6]. Inspection of Figure 2[5, 6] and the parameters 
depicted in Table 1[5, 6] shows that the profile of both anodic 

and cathodic polarization curves are very similar and both curves 
is very similar to the potentiodynamic polarization curve of 
copper in 1.0 M Nitric acid although we have two different 
inhibitor structure. The same behaviour are noticed in several 
studies for copper corrosion in nitric acid[7]. The similarity 
between the potentiodynamic curves presented in this type of 
studies [5, 6, 8-11] can be explained on the basis that some 
adsorbed corrosion inhibitor may undergo electrochemical 
decomposition by nitric acid on the metal surface to yield a 
product species (nitrous oxides, nitric oxides, sulphur 
dioxides,…) that may also act as an inhibitor. Corrosion 
inhibition due to an initially added inhibitor is known as primary 
inhibition, and the inhibition by the reaction product produced 
during primary inhibition is termed secondary inhibition. The 
product species of the decomposition of the studied inhibitors are 
presented in our previous studies [5, 6]. 
Table 1 Electrochemical kinetic parameters, inhibition 
efficiencies (IE%) for copper in 1.0 M HNO3 solutions without 
and with various concentrations of L-methionine and 1-
(phenylsulphonyl)-1H-benzo[d][1,2,3]triazole 25 ± 1C [5, 6]. 

 

Inhibitor Type Concentration 
/ M 

( corri ) 
/ 

µA 
cm-2

 

IE% 

 Blank 12  

L-methionine 

10-4 5.2 56.6 
5 × 10-4 4.2 65.0 

10-3 3.6 70.0 
5 × 10-3 2.2 81.6 

1-(phenylsulphonyl)-1H-
benzo[d][1,2,3]triazole 

10-4 7.53 37.2 
5 × 10-4 2.95 75.4 

10-3 2.02 83.2 
5 × 10-3 1.27 89.4 

 
Thus, the corrosion inhibition effect may increase or decrease 
with time, depending upon whether the secondary inhibition is 
more or less effective than primary inhibition. Some of the 
inhibitors giving rise to products that act as secondary inhibitors. 
Organic inhibitors (e.g., benzotriazole) are sometimes used as 
secondary inhibitors, especially when excessive corrosion of 
copper occurs [12]. The nature of the inhibitor initially present in 
acid solutions may change with time as a consequence of 
chemical or electrochemical reactions. Inhibition due to the 
reaction products is called secondary inhibition. Depending on 
the effectiveness of the reaction products, secondary inhibition 
may be higher or lower than primary inhibition. For example, 
diphenyl sulfoxide undergoes electrochemical reaction at the 
metal surface to produce diphenyl sulfide, which is more 
effective than the primary compound[13]. 
A distinction between primary and/or secondary inhibition often 
requires additional non-electrochemical analysis and transient 
measurements [14, 15]. 
Several diluted acids have been compared as catalysts for the 
hydrolysis of organic materials. The efficiency of the nitric acid 
determined in this work have been compared with those reported 
for sulphuric acid [16] and hydrochloric acid [17] under the same 
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operating conditions. It can be concluded that nitric acid was the 
most efficient in hydrolysis of organic materials [18]. 
4. Conclusions 
Use of the organic compounds as corrosion inhibitors in nitric 
acid, has been scarcely attempted because of the presumption that 
organic compounds would not be stable in the acid and would 
show very poor inhibition. Corrosion inhibition of copper in 
nitric acid solutions by some L-methionine derivatives and some 
benzotriazole derivatives shows similar polarization behaviour. 
Nitric acid might causes decomposition of those inhibitors and 
produces the same products that are more effective than the 
primary compounds themselves. 
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