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Abstract 

The mass loss method  was used to analyze the corrosion inhibition of Aluminum in an acid mixture (HCl+ H2SO4) by novel 

nitrogen-containing ligands (Schiff’s bases), namely, N(vanillidine)-4-methyl-1-phenylimine (SB1), N(vanillidine)-4-methoxy-

1-phenylimine (SB2), and N(anisidine)-1-napthylimine(SB3 ).The inhibition efficacy values extracted from the two methods 

are in good agreement and based on the concentration from the mass loss data. The maximum inhibition efficacy was 

91.97% for Aluminum in a mixture of acids (HCl+H2SO4). The outcome show that the inhibition efficacy increases with 

increasing concentration of the inhibitor. 
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Introduction 

Aluminum is an industrially significant metal. It has 

extraordinary economic consequences because of its 

inexpensive, weightless, and high thermal and electrical 

conductivities. Aluminum is a valuable metal owing to its good 

spectral reflectivity, sanitation, and innocuous qualities. 

Aluminum alloys suggested for building reasons have good 

resistivity to concrete mortars, plasters, asbestos, and cement 

materials
1-3

. Aluminum is also universally used as a structural 

substance in many industries and highly contaminated areas, as 

even gases such as SO2 and CO2 do not increase the 

corrosiveness of the atmosphere towards it. Aluminum has a 

face-centered cubic crystal structure, which makes it resistant to 

brittle cleavage fracture at low temperatures, enabling its use for 

making tanks and vessels to hold reactants and products at very 

low temperatures. 

 

The cause of the achievement of Aluminum is transparent. It has 

good corrosion resistance, which allows it to sustain a non-

tarnished and alluring natural surface in the atmosphere with 

minimal treatment. Due to low density, relative economy and 

excellent fabricating properties it is widely used in every 

dwelling. Many researchers have analyzed the corrosion of 

Aluminum in various aqueous atmospheres. Aluminum is 

defenseless against pure water but dissolves in hydrous acids. 

Acids, such as hydrochloric acid solutions, are used for cleaning 

Aluminum or for its electrochemical etching. The presence of 

inhibitors decreases the rate of dissolution of metals in such 

solutions
4-6

. 

 

Generally, heterocyclic compounds with heteroatoms such as 

nitrogen, oxygen, and sulpher offer effective corrosion 

resistance by adsorbing on the metal surface through the lone 

pair of electrons present on these atoms
7-9

. This action may 

block the active site and hence decreases the corrosion rate. The 

efficacy of heterocyclic compounds depends on the electron 

density of the heteroatom
10-15

. Novel nitrogen containing ligands 

(Schiff’s bases) derived from aromatic amine and aldehyde act 

as a corrosion inhibitor for Aluminium have been evaluated
16-20

. 

 

In the present study, three novel nitrogen-containing ligands 

(Schiff’s bases), namely, N(vanillidine)-4-methyl-1-

phenylimine (SB1), N(vanillidine)-4-methoxy-1-phenylimine 

(SB2), and N(anisidine)-1-napthylimine(SB3), were tested for 

their corrosion-inhibitive properties for Aluminium  0.1N in 

mixture of both acids (HCl+ H2SO4)   by employing mass loss 

and thermometric methods. 

 

Materials and Methods 

Rectangular specimens of Aluminum with dimensions of 2.50 × 

1.55 × 0.02 cm with a small hole of approximately 2 mm 

diameter near the upper edge were used for the mass loss 

measurement. The specimens were cleaned by buffing to 

produce a glass like finish using emery paper and then reduced 

with acetone. Each specimen was hung using a glass hook and 

dipped in a beaker containing 50 ml of the test solution at room 

temperature and left exposed to air evaporation. Similar 

experiments were carried out in each case, and the mean values 

of the mass losses were measured. 

 

Preparation of Test Solution: Hydrochloric and sulphuric 

acids and mixtures of both acids at different concentrations were 

prepared. The specific solutions of novel nitrogen-containing 

ligands (Schiff’s bases) were prepared using ethanol as the 

solvent. 
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Scheme-1: Preparation of N (vanillidine)-4-methyl-1-

phenylimine (SB1) from vanillin and p-toluidine.  

 

 
Scheme-2: Preparation of N (vanillidine)-4-methoxy-1-

phenylimine (SB2) from vanillin and p-anisidine.  

 

 
Scheme-3: Preparation of N (anisidine)-1-napthylimine (SB3) 

from anisaldehyde and α-napthylamine.  

 

To monitor the impact of various variables, such as inhibitor 

concentration, acid concentration, and time, the corrosion 

inhibition efficacy ( η %) of the compounds was calculated 

using the mass loss method, applying the following equation
20

:  

Inhibition Efficacy (η %) =100 ( Mu -  Mi ) /  Mu 

Where:  Mu is the mass loss in uninhibited solution.  Mi is the 

mass loss in the inhibited solution. 

 

The degree of surface coverage () can be calculated as – 

 = ( Mu - Mi) /  Mu 

Where:  Mu is the mass loss in the uninhibited solution.  Mi is 

the mass loss in the inhibited solution. 

 

The corrosion rate in mmpy (mm per year) was obtained by the 

following equation 

Corrosion rate=  M x 87.6 /A T D 

Where: M is expressed in mg. A is expressed in square 

centimeters, and T is the time of exposure in hours. D is metal 

density in gcm
-3

. 

 

Results and Discussion 

The mass loss and percentage inhibition efficacy for 0.1N 

concentrations of the mixture of acids (HCl+ H2SO4) and 

inhibitors are shown in Table-1. The inhibition efficacy 

increased with increasing concentration of inhibitors. 

Table-1: Corrosion data for different concentrations of novel nitrogen-containing ligands (Schiff’s bases) for Aluminum in a 0.1 N 

(HCl +H2SO4) mixture of acids at 298 ± 0.1 K. Area of exposure – 7.75 cm
2
, Time of exposure – 24 hrs. 

S. No. 
Inhibitor 

concentration (%) 

Mass Loss 

∆M (mg) 

Inhibition 

efficacy (η %) 

Corrosion rate 

(mmpy) 

Surface 

coverage (θ) 

Log 

(θ/1-θ) 

 

SB1 

1 Blank 548 - 32.8745 -  

2 0.12 248 57.75 14.8775 0.5774 1.3328 

3 0.24 195 64.41 11.6980 0.6441 1.3757 

4 0.36 145 73.54 8.6985 0.7354 1.4240 

5 0.48 96 82.48 5.7590 0.8248 1.5357 

6 0.60 44 91.97 2.6395 0.9197 1.6055 

SB2 

1 Blank 548 - 32.8745 -  

2 0.12 231 57.84 13.8576 0.5784 0.756 

3 0.24 191 65.14 11.4580 0.6514 0.9699 

4 0.36 139 74.63 8.3386 0.7463 1.1911 

5 0.48 121 77.91 7.2587 0.7791 1.2564 

6 0.60 87 84.12 5.2191 0.8412 1.6055 

SB3 

1 Blank 548 - 32.8745 -  

2 0.12 219 60.03 13.1378 0.6003 1.0805 

3 0.24 189 65.51 11.3381 0.6551 1.2936 

4 0.36 178 67.51 10.6782 0.6751 1.3757 

5 0.48 155 71.71 9.2984 0.7171 1.4765 

6 0.60 135 75.36 8.0986 0.7536 1.6857 
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Figure-1: Langmuir adsorption isotherm for Aluminum in a 0.1N mixture of both acids containing novel nitrogen-containing 

ligands (Schiff’s bases). 

 

The maximum inhibition efficacy was observed for N 

(vanillidine)-4-methyl-1-phenylimine (SB1) at an inhibitor 

concentration of 0.6% in a 0.1 N mixture of acids (HCl+ 

H2SO4). The mass loss data indicate that the novel nitrogen-

containing ligands (Schiff’s bases) effectively reduce the 

corrosion rate of Al in an acid mixture and can be safely used 

without hydrogen destruction, toxicity, or environmental 

damage. 

 

Adsorption isotherm: Langmuir adsorption isotherm. 

Log (/ (1- )) = log A + log C – Q / 2.303 RT 

Where:  = Surface coverage, A = Temperature-dependent 

constant, C = Inhibitor concentration and Q = Heat liberated in 

reaction. 

 

Figures-1 shows the Langmuir adsorption isotherm for the 

adsorption of novel nitrogen-containing ligands (Schiff’s bases) 

on the Aluminum surface. The valves of adsorption parameters 

deduced from the isotherm are given in Table-1. From the 

results obtained, it is significant to note that these plots (Log (/ 

(1- ) versus log C) are linear with the slopes equal to the unity, 

which indicates a strong adherence of the adsorption data to the 

assumption establishing Langmuir adsorption isotherm. As we 

can see from Figure-1, the inhibitor was found to obey the 

Langmuir adsorption isotherm. 

Conclusion 

The novel nitrogen-containing ligands (Schiff’s bases) viz, 

N(vanillidine)-4-methyl-1-phenylimine (SB1 ) from vanillin and 

p-toluidine, N(vanillidine)-4-methoxy-1-phenylimine (SB2) 

from vanillin and p-anisidine, N(anisidine)-1-napthylimine 

(SB3) from anisaldehyde and α-napthylamine, are more 

effective corrosion inhibitors than the parent aldehyde and 

amines. In general, the order of corrosion inhibition efficiency 

of the three Schiff’s bases has been found as - SB1 >SB2> SB3 

 

The inhibition efficacy of all the Schiff’s bases increases with 

the increase in the concentrations of the inhibitor, thus: 

 

Inhibition Efficacy    Inhibitor Concentration 

The inhibitors from a protective layer through chemisorption on 

the metallic surface thus retard the corrosion rate according to 

Langmuir’s isotherm. 

 

Overall, the results indicate that this Schiff’s base compound 

has the potential to be an effective corrosion inhibitor for 

aluminum in acidic environments. Its adsorption behavior and 

inhibition efficacy demonstrate its ability to protect the 

aluminum surface and reduce corrosion. 
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