
International Journal of Chemical Science 

1 

International Journal of Chemical Science 

Online ISSN: 2523-2843, Print ISSN: 2523-6075; Impact Factor: RJIF 5.22 

Received: 02-11-2018; Accepted: 05-12-2018 

www.chemicaljournals.com 

Volume 3; Issue 1; January 2019; Page No. 01-05 

Corrosion Inhibition studies of Al 2024 alloy in 1M of acid chloride medium by using 2,6-

diphenylpiperidin-4-one semicarbazone  

Nathaniel Raj1, Vijayakumar Durg2 
1 Department of Chemistry, Guru Nanak Dev Engineering College, Bidar, Karnataka, India 

2 Department of Chemistry, Bheemanna Khandre Institute of Technology, Bhalki, Bidar, Karnataka, India

Abstract 

The effect of addition of 2, 6-diphenylpiperidin-4-one semicarbazone on the corrosion of steel in 1M HCL acid has been studied 

by weight loss measurements and potentiodynamic polarization measurements. The inhibition efficiency was found to increase 

with inhibitors content to attain 61.00% and 79.66%2, 6-diphenylpiperidin-4-one semicarbazone respectively. Data obtained 

from weight loss measurements and potentiodynamic polarization measurements studies were analyzed to determinate the model 

inhibition process. Inhibition efficiency E (%) obtained from the various methods is in good agreement. 
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1. Introduction 

Acid solutions are often used in industry for cleaning, 

decaling and pickling of steel structures, processes which are 

normally accompanied by considerable dissolution of the 

metal. A useful method to protect metals deployed in service 

in such aggressive environments against corrosion is the 

addition of species to the solution in contact with the surface 

in order to inhibit the corrosion reaction and reduce the 

corrosion rate. A number of organic compounds are known 

to be applicable as corrosion inhibitors for steel in acidic 

environments. Such compounds typically contain nitrogen, 

oxygen or sulphur in a conjugated system and function via 

adsorption of the molecules on the metal surface, creating a 

barrier to corrodent attack. To further upgrade the 

performance of such organic inhibitors, extensive studies 

have been undertaken to identify synergistic effects of other 

additives. Interestingly, addition of halide ions to sulphuric 

acid solutions containing some organic compounds has been 

reported to yield the required enhancement. The inhibitive 

effects for the halides have been Observed to increase in the 

order Cl- < Br- < I-, with the iodide ion being the most 

Effective. It is thought that the initial specific adsorption of 

the halide ions on the metal surface facilitates the adsorption 

of organic cations by forming Intermediate bridges between 

the positively charged metal surface and the positive end of 

the inhibitor. A few reports from our laboratory highlighted 

the synergistic effect of halide ions on the corrosion of AL 

2024 in acidic solution, while the synergistic inhibition 

between organic compounds and iodide ions has been 

reported by some research groups. However, reports on 

synergistic influence of halide ions and polymers are very 

scanty. As part of our contribution to the growing interest of 

exploring polymeric materials as corrosion inhibitors, the 

present study investigates the inhibitive effect of 2, 6-

diphenylpiperidin-4-one semicarbazone on al 2024alloy 

corrosion in sulphuric acid, including the synergistic effect of 

iodide ions using weight loss and potentiodynamic 

polarization methods. 

 

2. Material and Methods 

2.1 Synthesis of 2,6-diphenylpiperidin-4-one 

semicarbazone 

The compound 2,6-diphenylpiperidin-4-one semicarbazone 

is prepared by dissolving 2,6-dipheny lpiperidin-4-one in 10 

ml of methanol and heated over a water bath at (50-60)°C. 

1.0 g of semicarbazide hydrocholoride was dissolved in 3 ml 

of ammonia solution drop by drop, an equal amount of 

methanol was also added to it in 1:1 ratio. This solution was 

added to the above reaction mixture in three portions at an 

interval of 30 minutes. After the addition was completed the 

heating and stirring are continued at another five hours. Then 

the reaction mixture was poured into ice cold water with 

shaking. The pure solid separated are filtered washed with 

water and dried and purified through short column, m. p 

150°C. 

 

2.2 Preparation of Stock solution 

2,6-diphenylpiperidin-4-one semicarbazone was synthesized. 

0.1g of sample was dissolved in ethanol, and made up to 100 

ml. This solution was used as corrosion inhibitor in the 

present study. 

 

2.2 Preparation of specimens 

 
Table 1: Composition of Al 2024 Alloy 

 

Copper Mg Mn Si Zn Balance 

4.5% 0.6% 1.3% 0.5% 0.5%  

 
AL 2024 specimens of dimension 1.0 cm *4.0cm*0.2cm 

were polished to a mirror finished with the emery sheets of 

various grades and degreased with trichloroethylene. 
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2.3 Weight loss method 

Carbon steel specimens in triplicate were immersed in 100 

mL of the inhibited and uninhibited 0.5 M HCL solutions two 

hours. The weight of each specimen before and after 

immersion was determined using shimadzu balance, model 

Ay 62. The inhibition efficiency (IE) was then calculated 

using the expression: 
 

IE%={W1-W2/W1}X100 
 

Where 

W1 and W2 are the corrosion rates in the absence and presence 

of the inhibitor, respectively. 
 

 
 

 
 

Fig 1: Weight loss corrosion test in different concentration of the inhibitors in 1M HCL solution 
 

2.4 Electrochemical impedance measurements 

The impedance measurements were performed using a 

computer–controlled CH-Instrument (model 608E) and the 

data were analysed using gain phase analyser electrochemical 

interface (Solartron SI-1287). A three electrode set up was 

employed with Pt foil as the auxiliary electrode and a 

saturated calomel electrode as the reference electrode. The 

Teflon coated mild steel rod, with the surface prepared as 

described in the weight loss experimental method, served as 

the working electrode. The measurements were carried out in 

the frequency range 106–10−2 Hz at the open circuit potential 

by superimposing sinusoidal AC signal of small amplitude, 

10 mV, after an immersion period of 30 min in the corrosive 

media. The double layer capacitance (Cdl) and charge transfer 

resistance (Rct) were obtained from the impedance plots as 

described elsewhere. Because Rct is inversely proportional to 

corrosion current density, it was used to determine the 

inhibition efficiency (IE%) using the relationship; 
 

IE%=[Rct-R0ct/Rct]X100 
 

Where Rct and R0
ct are the charge transfer resistance values in 

the inhibited and uninhibited solutions respectively. 

 

2.5 Polarization measurements 

The potentiodynamic polarization curves were recorded 

using the same cell setup employed for the impedance 

measurements. The potentials were swept at the rate of 

1.66mV/s, primarily from a more negative potential than Eocp 

to a more positive potential than Eocp through Ecorr. The 

inhibition efficiencies were calculated using the relationship  
 

IE%={I0corr-Icorr/I0corr}X100 
 

Where I0
corr and Icorr are the corrosion current densities in the 

absence and in the presence of inhibitor, respectively 
 

 
 0ppm  50ppm 



International Journal of Chemical Science 

3 

 
 100ppm  150ppm 

 

Fig 2: Potentiodynamic polarization curves of Al 2024 at laboratory temperature. 

 

3. Results and Discussion 

Analysis of results of mass loss method 

The corrosion rates and inhibition efficiency values, 

calculated using weight loss data, for various concentrations 

of Sudan-IV solution in 1M HCL solutions are presented in 

Table.1. It is apparent that the inhibition efficiency increased 

with the increase in inhibitor concentration. This behavior 

can be explained based on the strong interaction of the 

inhibitor molecule with the metal surface resulting in 

adsorption. The extent of adsorption increases with the 

increase in concentration of the inhibitor leading to increased 

inhibition efficiency. The maximum inhibition efficiency 

was observed at an inhibitor concentration of 100 ppm. 

Generally, inhibitor molecules suppress the metal dissolution 

by forming a protective film adsorbed to the metal surface 

and separating it from the corrosion medium. The corrosion 

suppressing ability of the inhibitor molecule originates from 

the tendency to form either strong or weak chemical bonds 

with the lone pair of electrons present on the O and p 

electrons in benzene ring. It is also seen from table.1 that the 

Sudan-III at 10 ppm and 100ppm concentrations shows 64.02 

% and 81.31 % inhibition efficiencies respectively. 

 
Table 1: Corrosion parameters in the presence and absence of 

inhibitor obtained from Weight loss measurements. 
 

Inhibitor cocen(ppm) CR %IE 

0 133.25 68 

50 121.45 74 

100 101.25 88 

150 98.25 94 

 

The polarization curves obtained for the corrosion of mild 

steel in the inhibited (100 ppm) and uninhibited 1 M HCL 

solutions in Fig.2. Electrochemical parameters such as 

corrosion potential (Ecorr), corrosion current density (Icorr), 

cathodic and anodic tafel slopes (βc and βa) and percentage 

inhibition efficiency according to polarization studies are 

listed in table 3. Here Icorr decreased with increasing inhibitor 

concentration. From the figures, it can be interpreted that the 

addition of this inhibitor to corrosive media changes the 

anodic and cathodic tafel slopes. The changes in slopes 

showed the influence of the inhibitor both in the cathodic and 

anodic reactions. However, the influence is more pronounced 

in the cathodic polarization plots compared to that in the 

anodic polarization plots. Even though βc and βa values 

(table.3) change with an increase in inhibitor concentrations, 

a high βc value indicates that the cathodic reaction is retarded 

to a higher extent than the anodic reaction [27]. From Fig.2 it 

is also clear that the addition of the inhibitor shifts the 

cathodic curves to a greater extent toward the lower current 

density when compared to the anodic curves. The Ecorr value 

is also shifted to the more negative side with an increase in 

the inhibitor concentration. These shifts can be attributed to 

the decrease in the inhibition efficiency increased with the 

increase in inhibitor concentration. This behavior can be 

explained based on the strong interaction of the inhibitor 

molecule with the metal surface resulting in adsorption. The 

extent of adsorption increases with the increase in 

concentration of the inhibitor leading to increased inhibition 

efficiency. The maximum inhibition efficiency was observed 

at an inhibitor concentration of 100 ppm. Generally, inhibitor 

molecules suppress the metal dissolution by forming a 

protective film adsorbed to the metal surface and separating 

it from the corrosion medium. The corrosion suppressing 

ability of the inhibitor molecule originates from the tendency 

to form either strong or weak chemical bonds with the lone 

pair of electrons present on the O and p electrons in benzene 

ring. It is also seen from table.1 that the Sudan-III at 10 ppm 

and 100ppm concentrations shows 64.02 % and 81.31 % 

inhibition efficiencies respectively. 

 
Table 2: Corrosion parameters in the presence and absence of 

inhibitor obtained from polarization measurements. 
 

Inhibitor 

concentration ppm 

-

Ecorr 

βc 

(mV/) 

βa 

(mV) 

Icorr×10*6 

µA 
IE% 

 (mV)     

0 457 127 68 1.35 - 

50 450 160 70 0.473 65.0 

100 451 163 72 0.446 67.0 

150 452 167 75 0.284 79.0 

 

The polarization curves obtained for the corrosion of mild 

steel in the inhibited (100 ppm) and uninhibited 1 M HCL 

solutions in Fig.2. Electrochemical parameters such as 

corrosion potential (Ecorr), corrosion current density (Icorr), 

cathodic and anodic tafel slopes (βc and βa) and percentage 

inhibition efficiency according to polarization studies are 

listed in table 2. Here Icorr decreased with increasing inhibitor 

concentration. From the figures, it can be interpreted that the 

addition of this inhibitor to corrosive media changes the 

anodic and cathodic tafel slopes. The changes in slopes 

showed the influence of the inhibitor both in the cathodic and 

anodic reactions. However, the influence is more pronounced 

in the cathodic polarization plots compared to that in the 

anodic polarization plots. Even though βc and βa values 

(table.2) change with an increase in inhibitor concentrations, 
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a high βc value indicates that the cathodic reaction is retarded 

to a higher extent than the anodic reaction. 

From Fig.2 it is also clear that the addition of the inhibitor 

shifts the cathodic curves to a greater extent toward the lower 

current density when compared to the anodic curves. The Ecorr 

value is also shifted to the more negative side with an increase 

in the inhibitor concentration. These shifts can be attributed 

to the decrease in therate of the hydrogen evolution reaction 

on the mild steel surface caused by the adsorption of the 

inhibitor molecule to the metal surface. It has been reported 

that a compound can be classified as an anodic and cathodic 

type inhibitor on the basis of shift of Ecorr value. If 

displacement of E corr value is greater than 85 mv, towards 

anode or cathode with reference to the blank, then an inhibitor 

is categorized as either anodic or cathodic type inhibitor 

otherwise inhibitor is treated as mixed type. In our study, 

maximum displacement in Ecorr value was around 6 mV, 

indicating the inhibitor is a mixed type and more anodic 

nature and does not alter the reaction mechanism. The 

inhibition effect has occurred due to simple blocking of the 

active sites, thereby reducing available surface area of the 

corroding metal. 

 

 
 

Fig 3: SEM images of al-2024 with and without inhibitor 
 

4. Conclusion 

The effect of acid concentration and the effect of addition 

2, 6-diphenylpiperidin-4-one semicarbazone the on the 

corrosion of AL 2024 has been studied. The following 

conclusions may be drawn: 

1. The chemical results showed that the corrosion rate of 

mild steel sample is increase with increasing acid 

concentrations 50 ppm to 150 ppm 

2. The polarization measurements also showed that, the 

increase of 1M HCL concentration leads to displacement 

of the anodic and cathodic curves to high current densities 

(Icorr.), also increase the corrosion rate will be found. 

3. The electrochemical impedance measurements showed 

that the corrosion of AL-2024 sample is mainly controlled 

by charge transfer process. 

4. The ethanolic solution of 2, 6-diphenylpiperidin-4-one 

semicarbazone acts as good inhibitor for the corrosion of 

mild steel in 1 M HCL solution. 
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