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The effect of 4,6-dimethyl-2-oxo-1,2-dihydro-pyridine-3-carboxylic acid (DODHPCA) as a corrosion 

inhibitor for C-steel in acetic acid is examined by using hydrogen gas evolution, mass loss and 

potentiodynamic polarization techniques, as well as SEM investigation. Results showed that, the 

compound under study exhibits inhibitor properties. The inhibition efficiency was found to depend on 

the inhibitor concentration. The inhibition effect is based on the adsorption of DODHPCA molecules 

on the metal surface following Langmuir adsorption model. Tafel polarization curves indicated that 

this compound was of a mixed-type. The thermodynamic parameters are calculated and discussed.  
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1. INTRODUCTION 

Many scientists had sustained a great effort to study the corrosion processes and the behavior of 

carbon steel used in oil and gas pipelines in order to find suitable corrosion inhibitors and preservation 

of mineral wealth [1-6]. Multiple stages systems, which contain brine and acetic acid, lead to a 

significant increase in the corrosion of carbon steel operations. Acetic acid is an organic acid that 

causes type of localized corrosion on carbon steel by removing the iron carbonate layer, which formed 

when the metal surface is exposed to an aqueous solution [7]. The electrochemical impedance 

spectroscopic studies indicate that the surface cathodic reactions were enhanced in the presence of 

acetic acid [8] due to the reduction of un-dissociated acetic acid with a subsequent increase in the 

anodic current density [9].  

http://www.electrochemsci.org/
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The presence of some organic molecules containing hetero atoms reduces the corrosion of 

metallic materials (when added to the aggressive acidic solutions) [10]. These materials are added in 

very small quantities in order to reduce or discouraged the corrosion processes [10, 11]. They will 

reduce, slow down or prevent the corrosion process of the metal in aqueous solution. The selection of 

the effective inhibitor takes great attention of several investigators [10-12]. The selection of inhibitors 

is based on the experimental methods for metal protection against corrosion and depends on many 

factors among of which are the metals or alloys to be protected, as well as the severity of the corrosive 

environment [10-19].   

Generally, good inhibitors adsorb on the metal surface forming an insulating film that prevents 

the metal film from the corrosive solution and reduces the corrosion process [20].  The adsorption of 

the inhibitor on the metal surface is a complex process involving a number of factors such as the nature 

of the metal, the environment, the electrochemical potential at the metal/ solution interface and nature 

of the inhibitor [20]. Once adsorption of inhibitor molecule is started on the metal surface in aqueous 

phase, H2O molecules are replaced.   

The aim of the present work is to investigate the effect of 4,6-dimethyl-2-oxo-1,2-dihydro-

pyridine-3-carboxylic acid (DODHPCA) as an inhibitor towards the corrosion of C-steel in 

CH3COOH, using hydrogen gas evolution, mass loss and potentiodynamic polarization techniques. 

The adsorption mechanism and inhibition efficiency of the inhibitor are investigated and some 

thermodynamic parameters in absence and presence of the inhibitor are calculated and discussed [20].  

 

 

2. MATERIALS AND METHODS.   

2.1. Materials   

The molecular structure and molecular formula of DODHPCA as an inhibitor are indicated in 

Table 1. The steel electrodes were made from steel samples produced by the Egyptian Steel Mill 

Company (Helwan–Cairo) and have the following chemical composition [21]:  

 

 C  Si  Mn  P  S  Fe  

 

 0.32  0.24  0.89  0.024  0.019  Bal 98.507 mass%  

 

The electrode used for potentiodynamic polarization measurements was fixed to a borosilicate 

glass tube with epoxy resin so that the total exposed surface area is 0.5 cm
2
. On the other hand, steel 

sheets with dimension 2 cm, 4 cm and 0.3 cm were used for mass loss and hydrogen evolution 

techniques. The samples and electrodes were prepared, abraded and cleaned as illustrated previously 

[21].  

 

 

 

 

http://www.sciencedirect.com/science/article/pii/S0167732215301884#bb0035
http://www.sciencedirect.com/science/article/pii/S0010938X10000260#bib30
http://www.sciencedirect.com/science/article/pii/S0010938X10000260#bib30
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Table 1. Molecular structure and molecular formula of the inhibitor [22]. 

 

 
 

 

2.2. Hydrogen evolution measurements  

The procedure for the evolved H2 gas on C-steel was carried out in glass container containing 

100 ml of 3M CH3COOH containing different concentrations of DODHPCA are described elsewhere 

[23]. The values of the surface coverage,  and the inhibition efficiency, ɳ % were calculated from the 

corrosion rate in absence and presence of inhibitor, according to equations 1 and 2, respectively [23].  

      

                         
                    

                     
 

where r'corr  and r° 'corr are the rates of reaction of C-steel with and without DODHPCA, respectively.  

 

2.3. Mass loss measurements  

For mass loss measurements, a cleaned C-steel coupon was weighed before and after 

immersion in the test solution for a definite period, as shown before [23]. The average mass loss for 

each two identical experiments was taken and expressed in mg/cm
2
. The rate of corrosion, rcorr, in 

mg/cm
2
/min was determined from the relation:  

                                          

         

where W  is the loss in the sample weight, A is the sample surface area in cm
2
 and t is the immersion 

time in min.   

 

2.4. Potentiodynamic polarization measurements  

Name   Molecula

r 

lar  structure     Mole cular weight   

, 4 6 - D imethyl - 2 - oxo - 1 , 2 - 

dihydropyridine - 3 - carboxylic  

acid   ( DODHPCA ).   

  
N 
H 

C H 
3 

COOH 

C H 3 O 
  

  

C 
8 
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NO 

3 
  = 167   

  

  



Int. J. Electrochem. Sci., Vol. 11, 2016 

  

3451 

The electrolytic cell, electrodes and the procedure used for polarization measurements were 

described previously [23-25].  Before carrying polarization, the steel electrode was subjected to 

cathodic pretreatment for 20 minutes in the test solution at -1.5V (SCE) to reduce any overlying oxide 

films that would be formed on the metal surface. Electrochemical polarization was made using a 

Potentioscan Type POS 73 (Germany), at a scan rate of 1mV/s [25].  

 

2.5. Scanning Electron Microscope 

Scanning electron microscope is used to investigate the corroded samples after immersion in 

the absence and presence of inhibitor. The surface investigation using SEM Model, Philips XL 30 

equipped with EDX unit, with accelerating voltage of 30 KV, magnification up to 400,000 x, and 

resolution for W 3.5 nm. 

 

3. RESUITS AND DISCUSSION 

3.1. Hydrogen evolution measurements  

 
 

Figure 1. Variation of the volume of H2 gas with the immersion time, for C-steel in 3M CH3COOH 

solutions containing DODHPCA, at 25°C.  

 

The corrosion behavior of C-steel in 3M CH3COOH devoid of and containing different 

concentrations of the organic additive is examined. DODHPCA was added as an inhibitor in different 

concentrations to decrease the rate of corrosion of C-steel in 3M CH3COOH solutions by gasometry 

method. 
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The data of Fig 1 illustrate the volume-time change for the evolved hydrogen gas on C-steel 

surface in 3M CH3COOH containing different concentrations of the organic additive. Inspection of 

these curves reveals that evolved hydrogen gas starts after the elapses of a certain time from the 

immersion of steel sample in the test solution, incubation period, τ. This period is found to depend on 

the inhibitor concentration and temperature [23]. After the induction period, the curves in this figure 

are characterized by linear variation of the volume of the evolved hydrogen gas with time. The values 

of the corrosion rates, r'corr, obtained from the slope of the linear parts of volume-time plots for the test 

solutions [23] are shown in Table 2.  

 

Table 2. Corrosion parameters data for C-steel in CH3COOH containing gradient concentrations of 

DODHPCA inhibitor, at 25°C.  

 

  
Concentra- 

tion, M  

Gasometry method  Mass loss method  

r'corr, cm min
-1

    ɳ % 
rcorr,  

µg/cm
2
/min    ɳ % 

 Blank 0.0911  -  -   23.80  --  -- 

 1.0 x10
-6

 M 0.0851  0.066  65.8   --  --  -- 

 5.0 x10
-6

 M 0.0726  0.203  20.3   21.18  0.110  11.0 

 1.0 x10
-5

 M 0.0607  0.333   33.3  19.49  0.181  18.1 

 5.0 x10
-5

 M 0.0486  0.466   46.3  12.61  0.470  47.0 

 1.0 x10
-4

 M 0.0408  0.552   55.2  9.00 0.622   62.2 

 5.0 x10
-4

 M 0.0268  0.668   66.8  5.38  0.774  77.4 

 1.0 x10
-3

 M 0.0250  0.726   72.6  4.69  0.803  80.3 

 

The data indicate that, presence of inhibitor in 3M CH3COOH solution decreases the reaction 

rate of C-steel. Fig 2 (A) show the variation in the rate of dissolution reaction, r'corr of C-steel in 3M 

CH3COOH solution with DODHPCA concentration. The dissolution reaction rate, r'corr, varies with the 

inhibitor, Cinh, according the relation [26]:   

                                                                   

log r'corr = k' – B' log C inh                                                                      (4)  

 

where k' and B' are constants. The effect of additions of DODHPCA on the reduction of the corrosion 

reaction (rate of production of H2 gas ), r'corr was related to the inhibitor concentration, as shown in 

Table 2. The values of   and ɳ % in presence of different concentrations of DODHPCA are calculated 

from the corrosion rate values according to equations 1 and 2, respectively, Table 2.   

http://www.sciencedirect.com.zdl.zu.edu.eg:81/science/article/pii/S187853521100092X#t0005
http://www.sciencedirect.com.zdl.zu.edu.eg:81/science/article/pii/S187853521100092X#t0005
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Figure 2.Variation of the rate of corrosion reaction in CH3COOH with DODHPCA concentration.  

 

 
Figure 3. Variation of the inhibition efficiency, η % with the logarithm of DODHPCA concentration.  
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3.2. Mass loss Measurements  

 
 

Figure 4. Mass loss- time plots of C-steel in 1M CH3COOH with and without different concentrations 

of DODHPCA.  

 

Fig 3(A) shows the variation of the inhibition efficiency, ɳ% of organic additive with the 

logarithm of the inhibitor concentration. From the plots of this figure, as well as, the data of Table 2, 

the values of each of   and ɳ % were found to depend on the inhibitor concentration. These values are 

increased by increasing inhibitor concentration. It is noteworthy to see that, the variation of  with 

inhibitor concentration is proved to follow Langmuir’s adsorption isotherm as will be discussed later.  

Fig 4 shows the variation in the mass loss of the C-steel coupons (ΔW, mg cm
−2

) in 1M 

CH3COOH solutions devoid of and containing different concentrations of DODHPCA, with the 

immersion time, at 25°C. The plots clearly illustrate the corrosion susceptibility of the C-steel sample 

in the absence and presence of the inhibitor.  The loss in mass due to corrosion of the C-steel coupons 

with the free acid solution was higher than that in presence of the inhibitor. It is important to note that 

the data of the corrosion rate expressed in mg cm
-2 

min
-1

 of C-steel in 1M CH3COOH solution can be 

plotted against the inhibitor concentration on a double logarithmic scale, Fig 2 (B). The S-shaped curve 

of Fig 2 (B) recognize the suppression of the dissolution process initiated by the specific adsorption of 

the inhibitor molecules on the C-steel surface [23, 25, 27]. The data of this figure, as well as the data of 

Table 2 indicate that the inhibition efficiency of DODHPCA towards corrosion process increases with 

inhibitor concentration.   

 Generally, it is accepted that the adsorption of the organic inhibitor on the metal surface 

represents the most important action that retards the dissolution reaction. The extent and mode of the 

adsorption depends on the molecule’s chemical composition, the temperature and the electrochemical 

potential at the metal/solution interface. In fact, the solvent H2O molecules could also adsorb at 

http://www.sciencedirect.com.zdl.zu.edu.eg:81/science?_ob=ArticleURL&_udi=B6THY-3Y51V3H-F&_user=4265827&_coverDate=11%2F02%2F1999&_alid=1521236850&_rdoc=6&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=5295&_st=13&_docanchor=&view=c&_ct=29548&_acct=C000062639&_version=1&_urlVersion=0&_userid=4265827&md5=05ca85f270836c2168fe92b8c7d638b2&searchtype=a#tbl3
http://www.sciencedirect.com.zdl.zu.edu.eg:81/science?_ob=ArticleURL&_udi=B6THY-3Y51V3H-F&_user=4265827&_coverDate=11%2F02%2F1999&_alid=1521236850&_rdoc=6&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=5295&_st=13&_docanchor=&view=c&_ct=29548&_acct=C000062639&_version=1&_urlVersion=0&_userid=4265827&md5=05ca85f270836c2168fe92b8c7d638b2&searchtype=a#tbl3
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metal/solution interface. So, 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, 

Org(sol), and water molecules at the electrode surface [27, 28]. The adsorption extent also depends on 

the metal surface and the electrolyte concentration.  

The surface coverage,   and the inhibition efficiency, η%, of the organic compound were 

calculated using the following equations[27, 29, 30]:  

 

where r◦ and r are the corrosion rates in the absence and presence of inhibitor, respectively. Each of 

surface coverage,  and the inhibition efficiency, η %, increases as the inhibitor concentration is 

increased, Table 2. Fig 3(B) represents the variation of the inhibition efficiency, η %, with the 

logarithm of inhibitor concentration. A straight-line relation is obtained confirming the direct relation 

between the inhibition efficiency and the inhibitor concentration.  

 

3.3. Potentiodynamic Polarization  

 
Figure 5. Anodic- cathodic potentiodynamic polarization curves of C-steel in 0.1 M CH3COOH 

devoid of and containing different concentrations of DODHPCA.  

 

The potentiodynamic polarization behavior of C-steel in 0.1M CH3COOH solution devoid of 

and containing different concentrations of DODHPCA was also investigated. Fig 5 shows the E-log I 

curves of C-steel in 0.1M CH3COOH solution with and without different concentrations of 

DODHPCA. It is noted that, as the inhibitor concentration is increased the polarization curves are 

shifted into more negative values and more positive values, successively, with cathodic and anodic 

http://www.sciencedirect.com/science/article/pii/S0010938X09004727#fig4
http://www.sciencedirect.com/science/article/pii/S0010938X09004727#fig4
http://www.sciencedirect.com/science/article/pii/S0010938X09004727#fig4
http://www.sciencedirect.com/science/article/pii/S0010938X09004727#fig4
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reactions. The results suggest that the DODHPCA additive acts as cathodic and anodic inhibitor 

(mixed-type inhibitor) [31]. Also, the anodic Tafel slopes, ba = 453 ±5 mV/decade, (mean value 457 

mV/decade) and the cathodic Tafel slopes, bc = 684 ±5 mV/decade, (mean value 588 mV/decade) did 

not change appreciably upon adding the studied organic inhibitor, DODHPCA (as shown in Table 3).  

 

Table 3. Electrochemical corrosion parameters, Ecorr, mV(SCE), icorr, mAcm
-2

, ba, mV/decade, bc, 

mV/decade,   and η %, for C-steel in 0.1M CH3COOH in the absence and presence of different 

concentrations of DODHPCA, at 25°C.  

 

Solution  Ecorr, mV     

(SCE)  

icorr,    

mAcm
-2

  

ba,  

mV/decade  

bc,  

mV/decade  
   η % 

Free  -526  45.85   453  684 --  --  

1x10
-5

 M  -555  39.50  455  688  0.138  13.80  

5x10
-5

 M  -565  32.40  458  689  0.293  29.30 

1x10
-4

 M  -573  25.22  457  690  0.407  40.65  

5x10
-4

 M  -580  20.00  459  691  0.564  56.40 

1x10
-3

 M  -698  16.00  460  686  0.651  65.10 

 

The convergence in the values of each of ba and bc Tafel slopes confirm that, the presence of 

DODHPCA compound with CH3COOH does not affect the mechanism of anodic nor the cathodic 

reactions, even though it significantly reduce its rate [32].  The shift in both anodic and the cathodic 

Tafel slopes in presence of such compound, suggest that, the inhibition action of DODHPCA occurs by 

simple blocking of the electrode surface through adsorption [23, 33]. It is noteworthy to see that the 

calculated corrosion current density, icorr, decreases as the inhibitor concentration is increased, (Fig 6 

& Table 3).   

 

 
Figure 6. Variation of the corrosion current density of C-steel in 0.1 M CH3COOH with the inhibitor 

concentration  

http://www.sciencedirect.com/science/article/pii/S0010938X09004727#bib29
http://www.sciencedirect.com/science/article/pii/S0010938X09004727#bib29
http://www.sciencedirect.com/science/article/pii/S0010938X09004727#bib29
http://www.sciencedirect.com/science/article/pii/S0010938X09004727#bib5
http://www.sciencedirect.com/science/article/pii/S0010938X09004727#bib5
http://www.sciencedirect.com/science/article/pii/S0010938X09004727#bib5


Int. J. Electrochem. Sci., Vol. 11, 2016 

  

3457 

The surface coverage, θ, and the inhibition efficiency, η % included in Table 3 were calculated 

according to the following equations [31-33]: 

            

  

where icorr,free and icorr,inh are the corrosion current densities of C-steel in the absence and presence of 

inhibitor, respectively. It is observed that the inhibition efficiency, ɳ % increases with increasing the 

inhibitor concentration. The increase in the ɳ % with DODHPCA concentration could be attributed to 

the bond formed between the organic compound and the bare metal surface [23]. This bond is mainly 

accompanied with the existence of electron densities enriched with the available adsorption centers 

involved in the inhibitor molecule [22]. The studied compound has more than adsorption center, like 

N, O and the π-electrons of conjugated system of the molecule. So, the presence of DODHPCA in 

corrosion system will enhances the inhibition process, and tolerates the corrosive effect of acetic acid 

[22].   

 

3.4. Effect of temperature  

The effect of temperature is studied on the corrosion rate for C-steel in 1M CH3COOH with 

and without 1x10
-4

 M DODHPCA using mass loss method. The activation energies of the corrosion 

reaction is calculated with and without DODHPCA [23, 35]. This was completed by studying the 

temperature effect on C–steel devoid of (Fig. 7) and containing of 1x10
-4

 M inhibitor (Fig. 8).   

 

 
 

Figure 7.Variation of mass loss with time for C-steel in 1M CH3COOH at different temperatures.  

 

http://www.sciencedirect.com/science/article/pii/S0010938X09004727#bib4
http://www.sciencedirect.com/science/article/pii/S0010938X09004727#bib4
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Figure 8. Variation of mass loss with time for C-steel in 1M CH3COOH containing 1x10
-4

M 

DODHPCA, at different temperatures.  

 

 
 

Figure 9. Variation of the rate of corrosion with temperature for C-steel in 1M CH3COOH devoid of 

and containing 1 x10
-4

M inhibitor.    

 

It is clear that, in the absence and presence of inhibitor, the rate of corrosion increases directly 

with temperature. The variation of the rate of corrosion with the absolute temperature (T), Fig 9, 

follows the relation:   

log r = a + b  T                                                                                      (9)  

where a and b are constants which depend on the solution concentration and metal under test, Table 4.  
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Table 4.  Values of the constants a and b of equation 9.  

 

1 M CH3COOH+1x10
-4

 M DODHPCA  a,                  

µg/cm
2
/min  

b,  

µg/cm
2
/min/decade  

Free  -3.3 x10
-1

  11.8x10
-4

  

Inhibitor  -3.0 x10
-1

  10.5x10
-4

  

 

The constant a represents the rate of corrosion of steel at zero Kelvin. It is clear that the rate of 

corrosion increases as the temperature is increased, both in absence and in presence of inhibitor. In 

addition, the convergence in values of the constant b, in case of free acid and inhibitor indicates that 

the mechanism of corrosion of C-steel in the absence and presence of inhibitor is the same and is not 

influenced by presence of inhibitor, despite the reduction in the corrosion rate.     

For further insight on the mechanism of temperature on the rate of reaction of C-steel.  The 

adoption of the rate of reaction, r, on temperature can be expressed by Arrhenius relation[36]:   

 

where A is the Arrhenius constant, ΔEa, is the activation energy of the metal corrosion reaction, R is 

the universal gas constant. Rearranging equation (10) gives[36]:  

  

The dependence of log r on 1/T for C-steel in 1M CH3COOH devoid of and containing 1x10
-4 

M of DODHPCA are plotted in Fig 10.  

 

 
Figure 10. Arrhenius plots for C-steel in 1M CH3COOH devoid of and containing 1x10

-4 
M inhibitor.    

 

Linear plots are obtained which indicates that it follows Arrhenius equation. The ΔEa values are 

calculated from the slope values of the linear plots, and are shown in Table 5.  

 



Int. J. Electrochem. Sci., Vol. 11, 2016 

  

3460 

Table 5. Thermodynamic parameters, ΔEa, ΔHa and ΔSa for corrosion of C-steel in 1M CH3COOH 

devoid of and containing 1x10
-4

 M inhibitor.  

 

Solution  ΔEa, kJ/mole  ΔHa, kJ/mole  ΔSa, J/mole  Kads, M
-1

  ΔG
◦
ads, kJ/mole  

Free  24.01  19.91  -209  --  --  

Inhibitor   27.80  25.20  -194  23513  34.88  

 

The higher value of ΔEa in case of the additive compared to that of blank is indicative in a 

decrease in the dissolution rate of C-steel in the acid due to an increase in energy barrier layer resulted 

from adsorption of the inhibitor on steel surface [37, 38].    

Many researchers attributed the decrease in ΔEa values in presence of inhibitor compared to 

blank to the chemical reaction between inhibitor and the metal under diffusion-controlled process. 

From the other point of view of literature, the lower values of ΔEa for corrosion in solutions containing 

inhibitor would be accompanied by a chemisorption step, which was the opposite of physical 

adsorption [2, 38]. The calculated value of ΔEa in case of DODHPCA was higher than that of free acid. 

This is consider as an indication that physic-sorption process predominates with DODHPCA. It is also 

considered as a confirmation that the inhibition process is controlled by surface reaction, since the 

values of ΔEa of the corrosion process are above 20 kJ mol
−1

. The adsorption of DODHPCA on steel 

surface leads to a physical barrier layer between the metal surface and the reaction environment 

inhibiting the charge transfer, and reduces corrosion reaction [39].  

The values (ΔSa) and (ΔHa) accompaning the corrosion process were determined from the 

corresponding relation [39-41]:   

      

where h is Plank's constant 6.6261x10
-34 

Js, N is Avogadro’s number 6.0225x10
23

 mol
-1

, and R is the 

universal gas constant and T is the absolute temperature. Fig 11 shows the plots of log (r/T) versus 

(1/T) for blank and inhibitor. From the values of the slope (-ΔHa/2.303R) and intercept [log (R/Nh) 

+(ΔSa/2.303R)] of the linear plots, ΔHa and ΔSa, respectively are calculated, Table 5. It is noteworthy 

to say that, the positive sign of the ΔHa implies that the dissolution of C-steel is endothermic process 

[40].   

The values of entropy of activation (ΔSa) with and without DODHPCA are negative, meaning  

that the activated complex in the rate-determining step represents an association rather than 

dissociation meaning that a decrease in disordering takes place on going from reactants to activated 

complex [42-44].  
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Figure 11. Transition state plots for C-steel in 1M CH3COOH devoid of and containing 1 x10

-4
M 

inhibitor.   

 

3.5. Adsorption isotherm    

Different types of adsorption isotherms have been suggested to confirm the adsorption of 

DODHPCA on steel surface [51, 58, 59]. The experimental data obtained from mass loss method could 

confirm the Langmuir’s adsorption type according to the following forms [46].  

                                  

     

where the constant Kads represents the adsorption equilibrium constant, and Cinh is the DODHPCA 

concentration at equilibrium state. Plotting the various values of (Cinh/) against the equilibrium 

concentration of DODHPCA, Cinh gives straight-line relation (Fig.12), confirming that the Langmuir 

adsorption model is the valid equation among the obtained experimental data. The validity of 

Langmuir adsorption isotherm is proved also from confirming the obtained value of the slope, which is 

very near to unity [26].  
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Figure 12. Langmuir adsorption isotherm (data from mass loss measurements). 

 

The value of Kads, could be calculated from the intercept of the straight line of Fig 12, is related 

to the standard free energy of adsorption, ∆G
º
ads, in kJ mol

-1
, according the equation [60-63]:   

               

where 55.5 mol/l is the water concentration in the corrosive solution, R = 8.314 J mol
-1

 deg
-1

 represents 

the gas constant and T is the adsorption equilibrium temperature in Kelvin scale. The calculated Kads 

and ∆G
º
ads adsorption parameters for DODHPCA are represented in Table 5.   

Actually, the range of ∆G
º
ads up to -20 kJ mol

-1 
are corresponding with the electrostatic 

interaction between the charged inhibitor molecule and the charged corrosive metal surface 

(physisorption) [26]. Values of ∆G
º
ads between -40 and –400 kJ mol

-1
 are accompanying with chemical 

adsorption-type due to participation or transferring of electrons from the inhibitor molecules to form a 

coordinate bond with the metal surface [46-48]. The investigated inhibitor possess lone pair of 

electrons on each of N and O atoms, which can interact with d-orbitals of iron atoms on C-steel surface 

to form adherent barrier-film. The value of ∆G
º
ads is  -33.1 kJ mol

-1
,which is lower than -20 kJ mol

-1
, 

but not as low as – 40 kJ mol
-1

 or more, indicated that the adsorption mechanism of DODHPCA on C-

steel surface in CH3COOH solution was more than an electrostatic-adsorption, but not a true chemical- 

type [26].  The adsorption process may involve complex interactions involving both physical and 
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chemical adsorption of the inhibitor [39]. The  negative  value of ΔG°ads signifies  a spontaneous  

adsorption  of  the  inhibitor  molecules  beside the  stability  of the  formed  layer [49, 50]   

 

 

 

 

Figure 13A. SEM micrographs of C- steel after exposure time of 30 min, (a) in 1M CH3COOH and 

(B) in 1 M CH3COOH + 1 x 10
-4

M inhibitor, at 25°C.  

 

SEM micrographs  shown in Fig. 13 (A&B) for C- steel are taken after 30 min immersion, at 

25°C, in (A) 1M CH3COOH and in (B) 1M CH3COOH + 1 x 10
-4

M DODHPCA. Investigation of the 

SEM micrograph taken in the corrosive solution without inhibitor explains that the C-steel surface was 

strongly damaged with laceration surface containing deep cavities containing corrosion products [51] 

(Fig. 13A). In presence of DODHPCA inhibitor, Fig (13B), the morphology of SEM shows less 

attacked surface compared with that of free acid[51]. This indicates that the presence of inhibitor 

hinders the dissolution of C-steel and thereby reduces the rate of corrosion revealing good protection 

against acid corrosion [52].   
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3.6. The inhibition mechanism  

The inhibition of corrosion reaction of steel by DODHPCA was found to depend on the 

inhibitor concentration. The inhibition process depends on adsorption of the inhibitor at the 

electrode/solution interface [52, 53]. The nature of inhibitor interaction on metal surface during 

corrosion inhibition has been known from its adsorption characteristics [53, 54].  However, the 

inhibition efficiency (ɳ%) of inhibitor depends on many factors [53] which include the number of 

adsorption centers in the molecules, their charge density, molecular size, stability of the inhibitor on 

the metal surface, the mode of adsorption and formation of metallic complexes.  

The corrosion inhibition of this compound towards the corrosion of C-steel in CH3COOH may 

be attributed to the presence of a number of free electron pairs on hetero atoms and the conjugated π -

bonds which are responsible for adsorb-ability of inhibitor on the attacked metal surface. The extent of 

the adsorption of an inhibitor depends on the nature of the metal, the mode of adsorption of the 

inhibitor, and the surface conditions[55]. Skeletal representation of the structure of the pyridinone 

derivative as an inhibitor for C-steel in CH3COOH could be attributed to the presence of carbonyl 

group (=CO-) which has a lone pair of free electrons on O atom. Therefore, it acts as an electron-

donating   increases electron density on the adsorption site [56].   

4. CONCLUSIONS 

The study indicated that: 

1. DODHPCA behaves as a mixed type of inhibitor for C-steel in acetic acid. 

2. Inhibition effect increases DODHPCA concentration. 

3. The adsorption of DODHPCA follows Langmuir model-type. 

4. The inhibition of DODHPCA towards the corrosion of steel in CH3COOH could be 

attributed to the adsorption through electron pairs on heteroatoms on metal surface. 

5. The adsorption mechanism in CH3COOH solution was an electrostatic-adsorption 
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