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A study of monopropianate (N-Coco alkyl aminopropionic acid) as a corrosion inhibitor for carbon 

steel in 0.5M HCl has been carried out by using weight loss and electrochemical tests, namely 

potentiodynamic polarization curves and electrochemical impedance spectroscopy at 25, 40 and 60C. 

Results have shown that monopropianate is a good inhibitor for the corrosion of 1018 carbon steel in 

this acidic environment. Inhibitor efficiency increases with increasing the inhibitor concentration but 

decreases with an increase in the testing temperature. Inhibitor efficiency increases with time at 25 C 

but at higher temperatures it decreases. This is explained in terms of corrosion process control and 

inhibitor adsorption isotherm. 
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1. INTRODUCTION 

Aggressive acid solutions are widely used for industrial purposes, such as chemical, acid de-

scaling and pickling processes to remove corrosion scales from the metallic surface in highly 

concentrated hydrochloric acid at elevated temperature up to 60C. The use of inhibitors is one of the 

most practical methods to protect metals against acid attack. Most widely used acid inhibitors are 

organic compounds containing oxygen, nitrogen and/or sulfur [1-5]. Acid inhibitors have many 

important roles in the industrial field such as a component in pre-treatment composition, cleaning 
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solutions and in acidification of oil wells. Hetero-atoms as sulfur, phosphorus, nitrogen and oxygen as 

well as aromatic rings in their structure are the major adsorption centers. 

Some works have studied the influence of organic compounds containing nitrogen on the 

corrosion resistance of steel in acidic media [6-18] most organic inhibitors acting by adsorption on the 

metal surface. To be effective, an inhibitor must be also displace water from the metals surface, to 

block active corrosion sites and interact with the anodic or cathodic reaction sites to retard the 

oxidation and/or reduction of corrosion reaction. So, the inhibition efficiency of organic compounds 

depends on the structure of the inhibitor, the characteristics of the environment, etc….Several organic 

compounds have been evaluated as corrosion inhibitors for carbon steel in acidic media [6-18], so, the 

aim of this work is to study the inhibition properties of monopropianate (N-Coco alkyl aminopropionic 

acid) for the corrosion of 1018 carbon steel in 0.5M HCl. Two main techniques were employed: 

chemical (weight loss) and electrochemical (potentiodynamic and electrochemical impedance 

spectroscopy, EIS). 

 

 

2. EXPERIMENTAL 

2.1. Test material 

The experiments were performed with 1018 type carbon steel specimens.  Cylindrical 

specimens with an exposed area of 1.0 cm
2
 were encapsulated in epoxy resin. Before each test the 

electrodes were polished to 600 emery paper and then cleaned with distilled water, alcohol, and finally 

acetone. 

 

2.2. Test solution 

The aggressive solutions used were made of AR grade 37% HCl. A 0.5M HCl solution was 

prepared by using distilled water. The concentrations range of inhibitor employed was 5-100 ppm. The 

organic inhibitor used has the structure given on Fig. 1 which was dissolved in pure 2-propanol.  

 

                                                           CH2 CH2 COOH 
 

                                                R-N 

 

                                                           H 

 

Figure  1. General structure of monopropianate, C12/C14,  where R is an alkyl group. 

 

2.3. Gravimetric measurements. 

Weight loss test were obtained in a glass cell with coupons which were 2.0 cm long, 1.0 cm 

wide and 0.5 cm thick abraded with 600 grade emery paper. Then, the specimens were washed several 
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times with distilled water then with acetone and dried using a stream of hot air. After weighing 

accurately, the specimens were immersed in 100 ml beaker, which contained 100 ml of 0.5M HCl with 

and without inhibitor at different concentrations. All the aggressive solutions were open to air. After a 

total time of exposition of 72 hours, specimens were taken out, washed, dried and weighed accurately. 

Tests were performed by triplicate at room temperature (25C), 40 and 60C by using a hot plate. 

Corrosion rates, in terms of weight loss measurements, , were calculated as follows: 

 

 = (m1 – m2)/ A            [1] 

were m1 is the mass of the specimen before corrosion, m2 the mass of the specimen after 

corrosion, and A the exposed area of the specimen. For the weight loss tests, inhibitor efficiency, , 

was calculated as follows: 

 

 (%) = 100 (1 - 2)/ 1         [2] 

 

were 1 is the weight loss without inhibitor, and 2 the weight loss with inhibitor. 

 

2.4. Electrochemical measurements 

Electrochemical techniques employed included potentiodynamic polarization curves and 

electrochemical impedance spectroscopy measurements, EIS. Polarization curves were recorded at a 

constant sweep rate of 1 mV/s at the interval from -500 to +500 mV respect to the open circuit 

potential, Ecorr.  Measurements were obtained by using a conventional three electrodes glass cell with 

two graphite electrodes symmetrically distributed and a saturated calomel electrode (SCE) as reference 

with a Lugging capillary bridge.  Corrosion current density values, Icorr, were obtained by using Tafel 

extrapolation. Electrochemical impedance spectroscopy tests were carried out at Ecorr by using a signal 

with amplitude of 10 mV in a frequency interval of 100 mHz-100KHz.  An ACM potentiostat 

controlled by a desk top computer was used for the polarization curves, whereas for the EIS 

measurements, a model PC4 300 Gamry potentiostat was used. Tests were conducted at room 

temperature (25C), 40 and 60C. 
 

 

 

3. RESULTS AND DISCUSSION 

Table 1 shows the effect of inhibitor concentration and temperature tests on the inhibitor 

efficiency for 1018 carbon steel in 0.5M HCl. This table shows that, for a given temperature, inhibitor 

efficiency increases with the inhibitor concentration, reaching its highest value of 85.4% with an 

inhibitor concentration of 100 ppm. Table 1 also indicates that even at as low concentrations as 5 ppm 

of monopropianate gave 30.5% protection to 1018 carbon steel in 0.5M HCl at 25C, and with 50 ppm 

concentration, its protection was higher than 50%. Additionally, at a given inhibitor concentration, 

inhibitor efficiency decreases with increasing the temperature, which suggests that the corrosion 
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inhibition might be caused by the inhibitor adsorption onto the steel surface from the acidic solution, 

and higher temperatures might cause the desorption of the inhibitor from the steel surface. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Adsorption isotherms for monopropianate on 1018 carbon steel in 0.5M HCl at a) 25, b) 40 

and c) 60C. 
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Figure 3. Effect of monopropianate concentration in the polarization curves for 1018 carbon steel in 

0.5M HCl at a) 25, b) 40 and c) 60C. 
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Table 1. Effect of monopropianate concentration on the inhibitor efficiency at different testing 

temperatures. 

 

Inhibitor 

concentration (ppm) 

Inhibitor efficiency (%) 

25C 40C 60C 

5 30.5 7.7 3.3 

10 40 15.7 9.1 

25 44 21.3 14.5 

50 54.7 32.1 17.6 

100 85.4 66.7 23.3 

 

Assuming the corrosion inhibition was caused by the adsorption of inhibitor, and the degree of 

surface coverage, , for different concentrations of inhibitor in 0.5M HCl was evaluated from weight 

loss measurements using equation: 

 

 = /100                    [3] 

  

From the values of  shown on table 1, it can be seen that  increases with increasing inhibitor 

concentration as a result of more inhibitor molecules being adsorbed on the steel surface when the 

inhibitor concentration was increased. Now, assuming the adsorption of inhibitor belonged to 

monolayer adsorption, different adsorption isotherms, namely Langmuir, Temkin, Frumkin and Flory–

Huggins, were applied. Fig. 2 shows that at 25C a Frumkin adsorption isotherm had the best fitting, at 

40C a Langmuir adsorption isotherm was applied, whereas, the best fitting for the adsorption 

isotherms at 60C was obtained with a Temkin type of interaction.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Arrhenius plots of the Icorr values for  1018 carbon steel in 0.5M HCl and in 0.5M HCl + 100 

ppm of monopropianate. 
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Polarization curves for 1018 carbon steel in 0.5M HCl at different inhibitor concentrations and 

temperatures are shown in Fig. 3. It can be seen that, at 25C, Fig. 3 a, both anodic and cathodic 

current density values are lowered, thus, this inhibitor is a mixed type of inhibitor. The corrosion 

current density is decreased and the free corrosion potential value, Ecorr, is made nobler as the inhibitor 

concentration increases. At 40 and 60C, Fig. 3 b and c, the effect of the inhibitor was the same as that 

at 25C, decreasing both the anodic and cathodic current density values, but the Icorr observed 

increased as the temperature was increased. It has to be noted that, in all cases, the slope of the 

cathodic branch for all inhibitor concentrations was nearly equal, indicating that the hydrogen 

evolution controlled and the proton discharge mechanism reaction did not change by the addition of 

the inhibitor to the 0.5M HCl solution.  

Fig. 4 shows the Arrhenius plots of the corrosion current density. The apparent activation 

energies can be determined from the relation: 

 

Icorr = K exp(-Ea/RT)           [4] 

 

where Ea is the apparent activation energy, R the gas constant, T the absolute temperature and 

K is a constant. The values of the apparent activation energy were 21.1 and 20.1 kJ mol
-1

 with and 

without inhibitor respectively. 

EIS data in both Nyquist and Bode formats for the different inhibitor concentrations at 25C are 

shown in Fig. 5. It can be seen that Nyquist diagrams, Fig. 5 a, show in all cases a single capacitive-

like semicircle with its center in the real axis, indicating that the corrosion process is under charge 

transfer control. The semicircle diameter, which represents the double electrochemical layer resistance, 

Rct, and is inversely proportional to the corrosion current density Icorr, increases as the inhibitor 

concentration increases, indicating that the corrosion rate decreases with the inhibitor concentration, in 

accordance to the weight loss tests and polarization curves.  
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Figure 5. EIS data in the a) Nyquist and b) Bode format for  1018 carbon steel in uninhibited and 

inhibited 0.5M HCl solution at 25C.  

 

Bode diagrams, Fig. 5 b, show one peak only at lower inhibitor doses lower than 10 ppm, 

indicating the absence of any protective film at these inhibitor concentrations. However, for inhibitor 

concentrations higher than 25 ppm, two peaks are found at 10 and 1000 Hz, indicating the formation of 

a protective film-formed inhibitor under these conditions.  

The EIS data for 1018 carbon steel in 0.5M HCl at 40C are shown in Fig. 6. Nyquist diagrams, 

Fig. 6 a, show a single capacitive-like semicircle at intermediate and high frequency values, but at 

lower frequencies, the presence of a smaller inductive loop are evident.  
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Figure 6. EIS data in the a) Nyquist and b) Bode format for  1018 carbon steel in uninhibited and 

inhibited 0.5M HCl solution at 40C. 

 

This loop indicates that the corrosion process is under the control of the adsorption of the 

inhibitor or a complex formed by the inhibitor and the corrosion products. The semicircle diameter 

increases with the inhibitor concentration, showing a decrease of the corrosion rate. However, the 

semicircle diameters at 40C are smaller than those obtained at 25C, indicating an increase in the 

corrosion rate at 40C. Bode diagrams, Fig. 6 b, show one peak only at low inhibitor concentrations, 

indicating the absence of a protective film. However, for inhibitor concentration higher than 25 ppm, 

there appear two peaks, indicating the presence of a protective film-formed inhibitor, which explains 

the decrease in the corrosion rate as the inhibitor doses increases. 
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Figure 7. EIS data in the a) Nyquist and b) Bode format for  1018 carbon steel in uninhibited and 

inhibited 0.5M HCl solution at 60C. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Nyquist diagrams for 1018 carbon steel corroded in 0.5M HCl + 100 ppm of 

monopropianate at 25C at different exposure times. 
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an increase in the testing temperature. Bode diagrams, Fig. 7 b, show, once again, one peak only al low 

inhibitor concentrations and two peaks at high doses. However, the phases for the tests at 60C are 

lower than those at 25 and 40C due, probably, to the increase in the corrosion rate with an increase in 

the temperature. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Nyquist diagrams for 1018 carbon steel corroded in 0.5M HCl + 100 ppm of 

monopropianate at 40C at different exposure times. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Nyquist diagrams for 1018 carbon steel corroded in 0.5M HCl + 100 ppm of 

monopropianate at 60C at different exposure times. 
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tested temperatures. Fig. 8 shows Nyquist diagrams for 1018 carbon steel immersed in 0.5 M HCl with 

100 ppm of inhibitor at 25C at different immersion times. It can be seen that in all cases, data describe 

a single capacitive semicircle, with its diameter increasing with time up to 4 hours, indicating a 

decrease in the corrosion rate and showing that the film-formed inhibitor increases its protectiveness. 

However, for longer times than 4 hours, the semicircle diameter decreases, indicating an increase in 

the corrosion rate as time elapses, and that the film protectiveness decreases, maybe because under 

these conditions the protective film is desorbed from metal surface. However, at 40 and 60C, Figs. 9-

10, the evidence of an inductive loop at low frequencies is more evident, since at 25C it was absent, 

but now the semicircle diameter increases with time, indicating a decrease in the corrosion rate as time 

elapses since the beginning of the experiment, which shows that, at these temperatures, the film-

formed inhibitor is very unstable and is easily desorbed from metal surface or dissolved by the 

environment. It should be noted that the semicircle diameter decreases with increasing the temperature 

for more than two orders of magnitude, showing that at room temperature this inhibitor improves its 

performance as time elapses, during the first 4 hours. However, at 40 and 60C the inhibitor 

performance decreases considerably. 

All data have shown that inhibitor efficiency increases with increasing the inhibitor 

concentration but decreases with the temperature. In addition, Nyquist diagrams have shown that at 

25C the corrosion process is under charge transfer control from the steel surface to the environment 

through the double electrochemical layer, but at 40 and 60C, the corrosion process is under the 

control of adsorption-desorption of some species or inhibitor-formed film. Also, adsorption isotherms 

have shown three different kind of isotherms depending upon the working temperature: Frumklin at 

25, Langmuir at 40 and Temkin at 60C. Langmuir isotherm considers uniform activity over the 

surface for adsorption to take place and no interaction among adsorbed molecules. Frumkin and 

Temkin consider a lateral interaction between adsorbed inhibitor molecules. Thus, the adsorption 

mechanism at 25C considers lateral interaction among inhibitor and water molecules, indicating that 

the inhibitor is displacing water molecules from the steel surface; at 60C there is lateral interaction 

between inhibitor molecules and corrosion products which displace inhibitor molecules, leading to a 

inhibitor desorption and an increase in the corrosion rate as compared with that at lower temperatures, 

decreasing inhibitor efficiency. 

 

 

 

4. CONCLUSIONS 

A study of monopropianate (N-coco alkyl aminopropionic acid) as a corrosion inhibitor for 

carbon steel in 0.5M HCl has been carried out by using weight loss and electrochemical tests. Results 

have shown that monopropianate is a good inhibitor for the corrosion of 1018 carbon steel in this 

acidic environment. Inhibitor efficiency increases with increasing the inhibitor concentration but 

decreases with an increase of the testing temperature. At 25C, inhibitor efficiency increases with time 

reaching its maximum efficiency at 4 hours, but after this time the inhibitor efficiency decreases with 

time. At higher temperatures, inhibitor efficiency decreases wit time. This is because at 25C 

monopropianate follows a Frumkin type of adsorption isotherm and the corrosion process is under 
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charge transfer control. At higher temperatures, inhibitor follows two different adsorption isotherms, 

Lanmuir and Temkin for 40 and 60C respectively, and the corrosion process is under adsorption-

desorption species control. 
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