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Effect of inhibition properties of several amino acids on
corrosion property of 7B50 aluminium alloy in
1 mol/L NaCl+0.1 mol/L HCI
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Abstract: The inhibition behavior of four amino acids for 7B50 aluminium alloy was investigated using the mass loss
measurement and electrochemical impedance spectroscopy technique. The corrosion mechanism of amino acid was
characterized by corrosion morphologies. The results show that the inhibition efficiency increases with the increase of
concentration and the decrease of temperature. The apparent activation energies of aluminium alloys in the presence of
amino acids are larger than that of the sample immersed in the blank solution. The apparent activation energies of
cysteine(Cys) and methionine (Met) are highest due to the excellent adsorption ability of —SH or —SCHj; groups on the
surface of aluminium alloy. The inhibition efficiency of 0.05 mol/L Cys at low temperature is best among these four
studied amino acids, e.g., the inhibition efficiency of Cys is 94.7% at room temperature. Met is also S—containing amino
acids, but its inhibition efficiency is lower than that of Cys due to the steric hindrance effect. In addition, relatively lower
inhibition efficiency is achieved for phenylalanine (Phe). Histidine (His) with low concentration has very bad inhibition
performance, however, at higher temperatures, relatively good corrosion inhibition capability of His with high
concentration is shown up gradually. The effect of temperature on the inhibition efficiency of Histidine (His) is little.
Consequently, the apparent activation energy of Histidine (His) is lower than other amino acids. The corrosion
morphologies show that the intercrystalline corrosion and pitting corrosion of aluminium alloys are inhibited in the
presence of amino acids.
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Table 1 Composition of 7B50 Al alloy (mass fraction, %)

Zn Mg Cu Zr Fe Si Al

6.5 24 2.2 0.15 0.08  0.061 Bal.
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Fig. 1 Chemical structures of amino acids: (a) Phe; (b) Met;
(c) Cys; (d) His
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Table 2 Corrosion rates calculated by mass loss measurements

h0.5 em? s AL ZEIIAA 50 51 5 1.5 F1T 50 mmol/L
FIREIERR ) 1 mol/L NaCl + 0.1 mol/L HCl VAW, 2
RN 25, 354 45 Co SEIGIIRK AT (2 LI 18] 4 1
ho A LA ARG i 70 T FEL N 54T Ha A 2 BEL B 1 ()
R, RIMEHEIE 1 Hz~10 kHz, 1E5%15 S I8 AR
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B AR LT IO G o0 B T2 RN 4 T
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A #5454 LEICA NEOPHOT-21.
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Concentration of

Vi (gem h )

Temperature/‘C

amino acid/(mmol-L ") None Phe Cys Met His
25 1 1.92X10*  1.60X10™*  132X10™*  120X10™*  1.77X107*
25 5 1.92X107*  461X10°  1.58X10°  1.73X10°  631X107
25 50 1.92X107*  358X10°  1.02X10°  1.15X10°  236X107
35 50 452X107%  1.89X107*  522X10°  7.55X10°  6.52X107°
45 50 8.72X107*  437X107*  237X107%  2.72X107%  1.96x107*
#z3 KREDIIHAHOZ AR
Table 3 Inhibition efficiencies calculated by mass loss measurement
Concentration of Ei/%
Temperature/C ) ) 4 -
amino acid/(mmol-L ) Phe Cys Met His
25 1 16.8 31.3 37.6 8.1
25 5 76.0 91.8 91.0 67.2
25 50 81.4 94.7 94.1 87.8
35 50 58.2 88.4 83.3 85.6
45 50 49.9 72.9 68.8 715
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Fig. 2 Arrhenius plots for 7B50 Al alloy calculated by mass

loss measurements in different corrosion inhibitors
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Table 4 Apparent activation energy of aluminum alloys for

different amino acids

Amino acid E/(kI'mol ")
None 59.69
Phe 98.99
Cys 124.20
Met 125.21
His 83.59
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Fig. 3 Nyquist and Bode plots for 7B50 Al alloy in 0.1 mol/L NaCl + 0.1 mol/L HCI solution with different concentrations of

amino acids at various temperatures: (al), (a2), (a3) 25 ‘C, 1 mmol/L; (bl), (b2), (b3) 25 ‘C, 5 mmol/L; (cl), (c2), (¢3) 25 C, 50

mmol/L; (d1), (d2), (d3) 35 C, 50 mmol/L; (el), (e2), (e3) 45 ‘C, 50 mmol/L
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Fig. 5 Fitting plots of EIS: (a) 50 mmol/L Met at 25 C; (b)
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Fig. 6 Relationships between charge transfer resistances of

7B50 and concentration of amino acids (a) and temperature (b)
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Table 5 Corrosion inhibition efficiencies calculated by charge

transfer resistances

Tomporature/ Concentration of Ei%

. amino acid/

C (mmol-L™) Phe Met Cys His
25 1 134 395 323 54
25 5 719 531 655 124
25 50 756 822 856 753
35 50 59.0 86.5 942 90.2
45 50 709 835 923 91.0
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Fig. 7 Corrosion morphologies of 7B50 Al alloy in electrolytes with different amino acids of 50 mmol/L at various temperatures:
(al) None, 25 ‘C; (a2) None, 45 ‘C; (b1) Phe, 25 C; (b2) Phe, 45 C; (cl) Met, 25 C; (c2) Met, 45 C; (d1) Cys, 25 C; (d2) Cys,
45 °C; (el) His, 25 C; (e2) His, 45 C
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