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ABSTRACT. Inhibition effects of alanine (Ala), histidine (His), methionine (Met) on the corrosion of aluminum were inves-
tigated in deaerated 0.5 M HCI and NaCl solution. In HCI solution the inhibition efficiency for the aluminum corrosion depended on
the cathodic inhibition, and the inhibition efficiency was increased in the order of Met<Ala<His. Amino acid adsorption pro-
cess on aluminum surface in the solution of HCI can be explained by Langmuir isotherm. In NaCl solution, when the concen-
tration amino acids are lower than 10" M the adsorption process can be explained by Langmuir isotherm, however, in the case
of higher concentration by Temkin logarithmic isotherm due to the interaction between the adsorbed molecules.
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Figure 1. Potentiodynamic polarization curves of Al electrode
measured in deaerated 0.5 M HCI, containing a concentration of
10* M amino acids at a scan rate of 1 mV/sec.
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Table 1. Corrosion parameters for the different concentration of several amino acids in 0.5 M HCI. [Inh], M; Icorr, uA/cm?; Ecorr, V; IE, %

L-Alanine L-Histidine L-Methionine
[Inh], M “Eeor, V. leomuA/em®>  IE,% | -Ecor, V. leom UA/cm’® IE, % -Ecorr, V. Icorr, uA/em? IE, %
0 0.873 245 0 0.873 245 0 0.873 245 0

10° 0.875 88.3 64.0 0.874 93 62.0 0.897 194 20.8
5x10° 0.888 82.6 66.3 0.874 81 66.9 0.895 180 26.5
10° 0.888 80.4 67.2 0.880 76 69.0 0.918 166 32.2
5x10° 0.889 79.6 67.5 0.887 59 75.9 0.905 158 355
10 0.879 74.9 69.4 0.888 54 78.0 0.908 154 37.1
5x10™ 0.873 72.8 70.3 0.890 42 82.9 0.928 126 48.6
107 0.868 66.6 72.8 0.905 42 82.9 0.931 123 49.8
5x1073 0.852 65.7 732 0.906 44 82.0 0.954 110 55.1
0.01 0.835 62.1 747 0.906 44 82.0 0.954 109 55.5

2018, Vol. 62, No. 5



366 -
100 T Ty Ty T MREAAAL T T T
Alin 0.5 M HCl(containing amino acids), deaerated I ]
o o o
80 L o .
xX - " .
= g n
g g B y
.g o ©
£ o °
[
-§_ 40 o o -
S ° ]
= o m Ala
£ 20 o His _
o Met
0 sl i ol " Lol a1 sl a1l
10° 10° 10* 10° 107

[Amino acid], M

Figure 2. The variation of IE values vs the concentration of
amino acids of Al electrode in 0.5 M HCL
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Figure 3. Potentiodynamic polarization curves of Al electrode

measured in deaerated 0.5 M NaCl, containing a concentration
of 10* M amino acids at a scan rate of 1 mV/sec.
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Figure 4. The variation of IE values vs the concentration of
amino acids of Al electrode in 0.5 M NaCl.
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Table 2. Corrosion parameters for the different concentration of several amino acids in 0.5 M NaCl. [Inh], M; Icorr, uA/cm?; Ecorr, V; IE, %

L-Alanine L-Histidine L-Methionine
[Inh], M -Eeom, V Leom, UA/cm?® IE, % Eeor, V. Teom UA/cm?® IE, % -Ecorr, V. Icorr, uA/cm® IE, %
0 1.15 7.15 0 1.15 7.15 0 1.15 7.15 0
10 1.14 2.49 652 1.15 1.91 73.3 1.16 5.82 18.6
5x10° 1.06 2.02 71.7 1.15 1.75 75.5 1.17 4.63 352
10 1.09 1.84 74.3 1.23 1.49 79.2 1.19 425 40.6
5x103 1.11 1.33 81.4 1.25 1.31 81.7 1.22 391 453
10 1.09 1.07 85.0 1.26 1.58 77.9 1.24 2.85 60.1
5x10* 1.13 1.43 80.0 1.25 2.62 63.4 1.25 3.33 53.4
103 1.11 1.58 79.9 1.25 3.27 54.3 1.27 3.75 47.6
5x107 1.11 2.16 69.8 1.26 5.18 27.6 1.27 43 39.9
0.01 1.11 2.31 67.7 1.27 5.69 20.4
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Figure 5. Curve fitting of amino acids adsorption on Al by Lang-
muir isotherm in deaerated 0.5 M HCI.
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Table 3. Data from the Langmuir adsorption isotherm (of figures 5) for aluminum in 0.5 M HCI Contanining alanine, histidine, and methionine

AA [AA], M slope Interc. R? Kads AG%s, kI/mole
Ala ~107 1.35 1.96x10 0.9999 6.89x10* 375
His ~1072 1.20 3.32x10¢ 0.9999 3.61x10° -41.6
Met ~1072 1.79 7.15%x10° 0.999 2.50x10* -35.0
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=
S 8.0x10° | i
2 = Ala
©
) i
£
& a0x10°
0.0 L L
0.0 2.0x10° 4.0x10° 6.0x10°

[Amino acid], M

Figure 6. Curve fitting of amino acids (of lower concentration)
adsorption on Al by Langmuir isotherm in deaerated 0.5 M NaCl.
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Figure 7. Curve fitting of amino acids (of higher concentration)
adsorption on Al by Temkin isotherm in deaerated 0.5 M NaCl.

isothermo] 2 Z-8-%| it} Fig. 6(Langmuir isotherm)x}
Fig. 7(Temkin isotherm) &2 K ¥ AL d3st4 71 &2
Table 49} 50| Q oFs}%itt.

roll A g3k vhe} o] Ala, His, Met®] pKot= 242}
9.87,9.28, 9.08 o] L& 0.5 M NaCli} Z+o FA4]g-olof A=
T RCHINH)(COO)&} 228 zwitterion© = A8 A
olct. whaka] ALslERS o] o 34l E Kol Alad)

35 CI7h A8 F2kE {AICl} ol {(-NHs"}7F 7
5 Ea] g zto] Yojipar o] DA S2kE Alao] {-COO} o]
S (€0}l ndA o] HjSIElE Sokg e Waslo
dold 4= Qlo] Table 47} Hol= F2F Aol | A 7} -45.2
kl/molo] 1S ZAo|t}. o]= zwitterion FE| Q] Ala7} <&
Fol S2He o, {(-NH;"} €} {-COO-}o] the] 3 (bridge-
type) ATHOE QHYT FAL ol Brhis WolE QAT
o} Ala®] 7t Z7ste] @ g o] oF 0.859] =EatH
o1t {-COO} o] Yol 3] wjEof Temkin isotherm©]
A=) o] Z-gof| 2|7} +21.6 kl/mol & Z7}8}% CH(Tuble
43 %),

0‘4

Table 4. Data from the Langmuir adsorption isotherm (of figures 6) for aluminum in 0.5 M NaCl Contanining alanine, histidine, and methionine

AA [AA], M slope Interc. R? Kads AG44s, kJ/mole
Ala ~5x10” 121 8.13x107 0.999 1.49x10° 452
His ~5x10° 1.22 2.75%x107 0.9999 4.44x10° 479
Met ~5x10° 2.14 3.32x10° 1 6.45x10° 43.1

Table 5. Data from the Temkin adsorption isotherm (of figures 7) for aluminum in 0.5 M NaCl Contanining alanine, histidine, and methionine

AA [AA],M Slope Interc. R? f Kads AG 45, kJ/mole
Ala 10 ~ -0.0899 0.498 0.98 25.6 2.89x10° +21.6
His 10% ~ -0.301 -0.392 0.98 1.7 20.1 -17.4
Met 10~ -0.122 0.119 0.98 -19 0.106 -4.39
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SHHRg-of ofsto] FLAJo] Ak = dAE Holi= Hisi
Z]3}7] imidazole 12] ]| 9} iminium ©]-2(-NH'=)2] pK,7}
597 0]E 22 0.5M NaCly} ZHe 4] gof| A= 2372l
imidazole 12|} ¢l iminium ©]-2(-NH'=)®] imine (-N=)2
B} o] imidazole 112] 9] nonbonding A X} Zi+= N-
247} 2 EAfet e se; Fapo] 2 Aol A a4}
glck wfeb Hise] w7k 5o golol 4 B2k kg o 2
-47.9 kJ/molo] %11 € elFo] oF (.820]] =E5FH Temkin
isothermo] 8=l S2FAF-8-o 4 X = -17.6 kl/mole
o gk,

0.5 M NaCl 8 of| A Met:= (CH3SCH,)CHMNH;")(COO)2}
e 2 Aol Bugo] Yojupt Felo At
Ag710] Qe -7 AR BSHEA Hlo] 24
AL AT} Tuble 4014 AL Go A= 43,1
kJ/mole ©] 11, Table 20| A o] @ UEL 0.6 o]3ltt o]=
S-7tell 3l 9l -CHs&} -CHCH(NH;")(CO0) <] Q) A
Al mtY Alo|t}. o] = zwitterion 7 B ©] Met2] {-S-} <}
NH;'}7} 24 0o el 208 4 Qlrke maoke
SERERE

2 B

0.5 M HClo]| 83| alanine, histidine, methionine2 Al-
Ao M oluhs NS Ao = AlS] A4S
olAIst glow, A4l #-8L methionine<alanine
<histidine®] 2:4] 2 Z7}193ch. HCI 90 4] AL o}
LSS N2} 23 BeFE EE ofu|wAle] O,
N, L= Sofl 91 nonbonding HATke] ket BrsbA Tl
9] 3} 318k 2to| H Al 914|519 © 1 modified Langmuir
%3 S240] & 4 8H 9,
olu] = AFS 0| zwitterion FE|E ZA5}= 0.5M NaCl
Hof| A Alai= AFEHHES, His 2 Met= SHARE-g-of| 2]5}o]
A& AdA|EF ow, 10* M o3} W2 s o= 5}
5+5 2Fo] dojiub modified Langmuir S-2F S-2 4] 0] #
S5 ko] 10* M B} Mg sro e FHE EAE
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