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Abstract. In this article, the thermodynamic and kinetic parameters (Langmuir, 

Frumkin, and Tyomkin isotherms) of corrosion inhibitor synthesized on the basis of 

maleic anhydride, monoethanolamine, and phosphoric acid to determine the 

mechanisms of steel inhibition are studied.  
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Introduction 

Corrosion is a reversible process, which converts pure metal to different 

chemical compounds[1,2]. Nowadays, corrosion is turning into a major issue in many 

industries, building materials, infrastructure, tools, ships, trains, vehicles, machines, 

and appliances [3,4]. Corrosion is not only responsible for an economic loss but also 

associated with safety issues because it decreases the shelf life of steel[4]. This 

problem turns into a major issue for the entire world, so researchers are trying to 

address this issue in various ways[5,6]. 

Results and Discussion 

 Adsorption isotherm. The process of adsorption is the desorption of water 

molecules by adsorbing inhibitor molecules on the metal surface, and this process can 

also be described as an exchange process. In this case, Ea values were found from the 

dependence of lgW on 1000/T in mediums without and with inhibitors. 
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Figure 1. Arrhenius plot g for the activation energy of MMF-1 corrosion 

inhibitor in Fon-1 solution 

According to the results presented in Table 3.13, the value of Ea was 41.45 

(kJ/mol-1) in solutions without an inhibitor, this value increased with the introduction 

of MMF-1 brand corrosion inhibitor into the solution, and when the concentration 

reached 200 mg/l, it was 89.29 (kJ/mol-1). Also, the value of ∆Sa in the solution 

without inhibitor took a positive value of 101.25 kJ/mol, but with the addition of 

inhibitor to the solution, this value decreased to negative -75.21 (kJ/mol-1), the 

smaller this value, the corrosion depends on the concentration of the inhibitor, the 

association is higher than dissociation in the system, and this indicates that a stable 

complex is formed between the inhibitor and the metal. 

Table-3.1. 

Values of activation parameters for steel St20 in graded water without 

inhibitor and in presence of green inhibitor 

Ingibitor 

konsentratsiyasi 
Ea(kJ/mol

-1
) 

∆Ha (kJ/mol
-

1
) 

∆Sa(kJ/mol
-1

K
1
) Еа –ΔНа 

0.0 41.45 38.4 101.25 2.94 

50 53.26 51.43 -18.36 2.71 

100 64.05 60.93 -23.12 2,64 

150 76.30 72.62 -52.36 2.59 

200 89.29 85.72 -75.21 2.47 

The average energy difference between activation energy and enthalpy for 

samples without inhibitor and with different concentrations of inhibitor was 

approximately 2.67 kJ, which confirms the inhibition and adsorption process of St20 

steel during melting. 

 

Figure 2. Transition state graph for the activation process of MMF-1 

brand corrosion inhibitor in Fon-1 solution. 
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Several researchers have recognized that one of the reasons for the inhibition of 

the metal surface in the inhibitor solution is the absorption of the corrosion inhibitor 

on the surface. The presence of free ions in the composition of the corrosion inhibitor 

leads to the transport of charges, or the presence of functional groups binds to the 

metal surface through the donor-acceptor mechanism in exchange for negative 

charges. Langmuir, Frumkin, and Tyomkin isotherms of MMF-1 corrosion inhibitor 

were also studied. Figure 3of MMF-1 brand corrosion inhibitor. (a) Tyomkin (Figure 

3 a), Frumkin (Figure 3 b), and Langmuir (Figure 3 c) isotherms are also plotted. 

According to the obtained results, when comparing the values of Frumkin, Tyomkin 

and Langmuir isotherms, the value of the Langmuir isotherm is higher than 0.99, 

which shows us that it matches the experimental data for the calculation of 

thermodynamic parameters. Langmuir, Frumkin, and Tyomkin isotherms for green 

corrosion inhibitors were also studied. 

 
 

 
 

Figure 3. (a) Tyomkin, (b) Frumkin and (c) Langmuir isotherms and (d) 

temperature dependence of ∆G
0

ads 

Correlation coefficient values were obtained at different temperatures. We can 

see from Figures 3a and 3b that the values of the correlation coefficients of the 

Frumkin and Tyomkin adsorption isotherms are not close to 1, indicating that the 

adsorption process does not follow these isotherms. 

Table-2. 

Thermodynamic parameters of MMF-1 brand corrosion inhibitor 
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Temperature Кads ∆Gads kJ/mol 
∆Hads,  (kJ/mol) 

∆Sads,  (kJ/mol 

K) 

303 356,7 -23,12 

-15,38 -126,5 
313 433,1 -25,23 

323 490,9 -26,25 

333 580,5 -28,29 

Then the values of      were calculated based on the intersection of Langmuir 

isotherms. It follows from the values of      that the adsorption of MMF-1 brand 

corrosion inhibitor on the metal surface is superior to all desorption. Judging from the 

data in Table 3.2, the values of ∆G0ads were obtained in the range of 303−333 K, 

with results ranging from negative -23.12 kJ/mol to-28.29 kJ/mol provided, thus 

confirming that the adsorption of MMF-1 brand corrosion inhibitor on the metal 

surface occurs spontaneously. 

Conclusion. 

The inhibition mechanism of this inhibitor was studied based on Langmuir, 

Frumkin, and Tyomkin isotherm. 
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