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Abstract. Corrosion is an inevitable natural phenomenon. The amino acids are green corrosion inhibitors due to their nontoxicity and 

biodegradability. For this reason they are a good choice for corrosion protection. As inhibitors, we have used two amino acids, lysine and 

methionine. They have shown good inhibitor properties in protection of low allow carbon steel against the corrosion in acidic media. The 

aim of this study is to compare corrosion protection efficiency of these amino acids. Material under investigation is low alloy carbon 

steel marked as: Steel 39, Steel 44 and the corrosion media is: 1M H2SO4 + 10-3mol/L Cl- (in form of NaCl). A Tafel polarization technique 

was used for investigation of corrosion inhibitor efficiency. The results present that methionine is more protective again acidic corrosion 

and the steel 44 is more sustainable again sulfuric acidic corrosion. The best case in the respect of corrosion sustainability for steel 44 is 

in presence of 1g/L methionine with protection efficiency respectively 81.27%. 
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1. Introduction 

The high costs of corrosion have a significant effect on the national economy. Mild steel are the most commonly used 

construction materials due to its low cost, strength and ease of fabrication but they are affected greatly by its high corrosion 

rate caused by aggressive acids.(1) Reducing corrosion can be performed by the addition of corrosion inhibitors in small 

concentrations. Research on organic compounds reveals that compounds containing hetero atoms such as sulphur, 

phosphorous, nitrogen or oxygen and compounds containing double bonds and triple bonds inhibit corrosion of metal by 

surface adsorption.(2) The use of corrosion inhibitors with a minimal or zero negative effects is one of the most important 

practical methods for protection against corrosion.(3) Amino acids are environmentally friendly, non-toxic, biodegradable 

and relatively cheap. The main aim of our study is to compare the corrosion inhibition effect of methinine and lysine in 

sulfuric acid solution containing chloride ions in form of NaCl for equal concentration of two extracts. For this aim, 

potentiodynamic polarization technique was performed. 

  

2. Experimental 

    Material under investigation are two marks of low alloy carbon steel, manufactured  in KURUM factory,  Elbasan, 

respectively St39, St44, intended for concrete armor. The mild steel electrode composition is: 

 

 

 

 

 

 

 

 

mailto:albana.jano@fin.edu.al
mailto:Alketa.lame@fnsh.edu.al
mailto:efrosinikokalari@fshn.edu.al


MMME 118-2 

 

Table 1: Composition of low alloy carbon steel tested. 

El
e

m
e

n

t 

(M
as

s-

%
) 

C Si Mn Cr Ni Cu P S 

Steel 39 0.37 0.17 0.51 0.60 0.60 0.30 0.040 0.040 

Steel 44 0.445 0.348 0.780 0.118 0.263 0.324 0.0720 0.0440 

 

The samples used for the potentiodynamic measurements are prepared from steel bars in cylindrical shape with sizes 

(D=6mm, d=4mm) and fixed inside a Teflon tube with epoxy resin as shown in figure.       Before the potentiodynamic 

measurements the surface of steel samples, before fixed inside the Teflon, were polished with emery paper (250 – 1000), 

cleaned with be distilled water, dried, degreased with acetone, cleaned with be distilled water again, and finally dried.(4,5) 

Each experiment was performed with freshly prepared solution and a clean set of electrodes. 

 

Fig.1: Preparing of the samples for potentiodynamic measurements 

 

The test solutions were in 1.0 M sulfuric acid + 10-3 Cl- solutions. Methionine and lysine were used as green inhibitors, 

whose chemical structures are given in figure.  

 

 
Fig.2: The structure of lysine-a- and methionine –b- 

 

All tests were obtained in deaerated solutions. The concentration range of inhibitor employed was 0.75 and 1g/L as presented 

in Table 2. 
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Table 2: The matrix for potenciodynamic measurements. 

[1] Nr   
[2] Blank 

1 

[3] Blank 

2 

[4] Concentrations of 

[5] methionine (g/L) 

[6] Concentrations 

of  

[7] lysine  (g/L) 

[8]  [9]  [10]  [11] 0.75 [12] 1 [13] 0.75 [14] 1 

[15] 1 [16] + [17]  [18]  [19]  [20]  [21]  

[22] 2 [23]  [24] + [25]  [26]  [27]  [28]  

[29] 3 [30] + [31]  [32] + [33]  [34]  [35]  

[36] 4 [37] + [38]  [39]  [40] + [41]  [42]  

[43] 5 [44]  [45] + [46]  [47]  [48] + [49]  

[50] 6 [51]  [52] + [53]  [54]  [55]  [56] + 

 

The measurements were carried out with a potentiostat/galvanostat. Electrochemical measurements were done using 

Potenciostat galvanostat tip TACUSSEL PJT 24-2. For this purpose, a conventional three-electrode cell was used, composed 

of Hg/Hg2SO4 saturated K2SO4 reference electrode, a platinum electrode as auxiliary electrode, and the mild steel substrates 

as the working electrodes. The Potentiodynamic polarization curves were obtained by potencial scan rate 3x10-2 V/min. 

(6,4)     Deaerating of the solution was realized using a stream of pure nitrogen inside the solution for 30 min and above 

solution for 5 min. Corrosion current density determined using the cutting point of Taffel extrapolation line and Faradays 

law, equation 1 (4,6): 

𝑉𝑐𝑜𝑟𝑟 = (𝐾 ∗ 𝑎 ∗ 𝑖) ⁄ (𝑛 ∗ 𝐷)                                              (1) 

Where: a - is the atomic weight of the metal (a=56g/mol), i -the current density in (μA/cm2), n -the number of electrons 

exchanged during metal dissolution (n=2), D -the density in (g/cm3) (d=7.86g/cm3) and K is a constant which equals to 

0.00327 if corrosion rate (Vcorr) is calculated in [mm/y]. Corrosion inhibitor efficiency calculated by formula 2 (7): 

 

Inhibitor Efficiency (%) = [(CR uninhibited – CR inhibited)/ CR uninhibited] x 100                     (2) 

 

Where: CR uninhibited - is corrosion rate of the uninhibited system, CR inhibited - is corrosion rate of the inhibited 

system. This essentially examines the ratio of the inhibited and uninhibited corrosion rates and expresses this as a percentage. 

 

3. Results  
Potentiodynamic polarization curves and the corresponding average Tafel line for steel 39 (best case) with 78.88 % 

protection efficiency in de-aerated 1M H2SO4 solution, with 10-3M chloride ions in presence of 1g/L Lysine and for steel 44 

(best case) with 81.27 % protection efficiency in presence of 1 g/L methionine, were presented in figures: 3; 4, respectively. 

Figures 5, 6 represent the potentiodynamic polarization curves and the corresponding average Tafel line in presence of 

0.75g/L respectively for steel 39 and  steel 44 (the worst case with lower protection efficiency 54.31 and 34.44%). 
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Fig.3: Potentiodynamic curves and Tafel extrapolations 

for Steel 39 in de-aerated H2SO4 solution with 10-3M 

chloride ions in presence of 1 g/L lysine. 

Fig.4: Potentiodynamic curves and Tafel extrapolations 

for Steel 44 in de-aerated H2SO4 solution with 10-3M 

chloride ions in presence of 1 g/L methionine. 

 

 

  
Fig.5: Potentiodynamic curves and Tafel extrapolations for 

Steel 39 in de-aerated H2SO4 solution with 10-3M chloride 

ions in presence of 0.75 g/L lysine. 

Fig.6: Potentiodynamic curves and Tafel extrapolations for 

Steel 44 in de-aerated H2SO4 solution with 10-3M chloride 

ions in presence of 0.75 g/L lysine. 

 
The results, in form of corrosion rates in (mm/year), calculated using corrosion current density (icorr) and protections 

efficiency of different concentration of additives against corrosion, are given in Table 3. 

 

 

 

 

 

y = -7.3836x - 5.1899

0

0.5

1

1.5

2

2.5

3

3.5

4

-1.1 -1 -0.9 -0.8

lo
g|

ic
o

rr
|(
μ

A
/c

m
²)

Potencial (V)

y = -8.9225x - 6.4654

0

0.5

1

1.5

2

2.5

3

3.5

-1.1 -1 -0.9 -0.8

lo
g 

i(
µ

A
/c

m
2

)

Potencial (V)

y = -11.619x - 8.7346

0.5

1

1.5

2

2.5

3

3.5

4

-1.05 -0.95 -0.85

lo
g|

ic
o

rr
|(
μ

A
/c

m
²)

Potencial (V)

y = -14.513x - 11.156

0.5

1

1.5

2

2.5

3

3.5

-1 -0.95 -0.9 -0.85

lo
g|

ic
o

rr
|(
μ

A
/c

m
²)

Potencial (V)



MMME 118-5 

 

Table 3: Corrosion rates and protection efficiency for St.44, St.39 in de-aerated H2SO4 solutions with 10-3 M chloride ions (blank ) in 

presence of methionine and lysine. 

Mark of 

steel 

material 

Blank 
Concentration methionine Concentration of lysine 

0.75g/L 1 g/L 0.75g/L 1 g/L. 

Vcorr 

mm/y 

Vcorr 

mm/y 

Prot. 

Eff.% 

Vcorr 

mm/y 

  Prot. 

Eff. % 

Vcorr 

mm/y 

Prot. 

Eff.% 

Vcorr 

mm/y 

Prot. 

Eff.% 

Steel 39 2.32 0.77 66.8 0.59 74.14 1.06 54.31 0.49 78.88 

Steel 44 3.31 0.83 74.92 0.62 81.27 2.17 34.44 1.03 68.88 

 

4. Discussion 
    The inhibitive effect for most of the organic corrosion inhibitors was attributed to the accumulation of the inhibitor 

molecules by “direct” or/and “indirect” adsorption onto the metal surface, which reduces the contact of the metal with the 

corrosive agents in solution. (3) The corrosion potentials (Ecorr) of mild steel in presence of methionine and lysine were 

shifted toward less negative potentials, indicating enhancement in the corrosion resistance. Furthermore, it was observed that 

the corrosion current density (Icorr) in presence of the inhibitor was lower than that of corroded steel, confirming that both 

amino acids promoted corrosion resistance. The values of inhibition efficiency show a higher corrosion resistance of the 

inhibitors. The Ecorr as function of time data for methionine revealed that Ecorr was shifted toward more positive value, while 

icorr value was much lower than lysine and corroded steel. The positive shift of corrosion potential is evidently caused by the 

restriction of anodic reaction process. Corrosion rates were calculated to be 0.59 and 0.62 mm/year for steel in presence of 

methionine 1g/l (best case), reflecting the corrosion resistance enhancement by replacing addition of amino acids.  

In case of amino acids, specifically, methionine, used in our study as acidic corrosion inhibitor for low alloy carbon 

steel, the adsorption on anodic sites, dedicated the free electrons on S, N and O (of carboxylic group) atoms. S containing 

amino-acid interact in molecular form via the S atoms in aliphatic chain, which may be adsorbed at anodic sites and retard 

Fe electrochemical dissolution. This probably explains higher inhibition efficiency for S-containing amino acid. 

The presence of R–S–R in molecular structure of methionine provokes an increase of the inhibition efficiency, which 

can be attributed to the fact that the sulfur containing amino acids can be adsorbed as bidentate ligands in which surface 

coordination is taking place through both the amino group (or carboxylic group) and the –S– moiety. (8,9,3) 

In the other hand, lysine adsorbs on surface of middle steel this mechanism: the atoms O and N in amino acids serve as 

active centers for the process of adsorption on the metal surface. Availability of no bonded (lone pair) and p-electrons in 

inhibitor molecules facilitate electron transfer from the inhibitor to the metal. A coordinate covalent bond involving transfer 

of electrons from inhibitor to the metal surface may be formed. The strength of the chemisorptions bond depends upon the 

electron density on the donor atom of the functional group and also the polarizability of the group. When an H atom attached 

to the C in the ring is replaced by a substituent group (–NH2, or COOH) it improves inhibition. (10) 
 

5. Conclusions 

Methionine mitigates the corrosion rate of the Steel 39 from: 2.32 mm/year ÷ 0.59 mm/year with protection efficiency 

74.14%. 

Methionine mitigates the corrosion rate of the Steel 44 from: 3.31 mm/year ÷ 0.62 mm/year with protection efficiency 

81.27%. 

The steel 44 is more sustainable again sulfuric acidic corrosion and more sensitive versus presence of methionine, than 

steel 39. 
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