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ABSTRACT. Inhibition effects of cysteine(Cys), methionine(Met), and histidine(His) on the corrosion of cobalt were investi-
gated in deaerated 0.5 M HCI and 0.5 M H,SOj solution. All the inhibition efficiency (IE) in the amino acids for the cobalt
corrosion depended on the mixed inhibition. However, IE in the solution of H,SO4 depended more on the anodic and in the
solution of HCI on the cathodic inhibition. Amino acid adsorption process on cobalt surface in the solution can be explained
by modified Langmuir isotherm. The molecules of histidine dissolved in both of the solution were physically adsorbed due to
the electrostatic interaction between the surface of {Co-CI?®} and the {-NH3"} or {-NH'=} of His. However the other cases of
adsorption in this investigation can be explained by chemical adsorption between the empty d-orbital of Co and the lone pair
of electron in S-atom in Cys and Met.

Key words: Cobalt, Corrosion inhibition, Amino acids, Langmuir

N B RS Zh= f71RAEC] 54 EHo| F2o] & Fof
59 FAZ JAlsks Ao 2 A A o, o] gk KA
ST E(Cobalt, Co)i= tH2 HF F&(ferrous metals, Fe, AAA G| =Ado] EAI7F =HA o}uli bl e X187
Nz} oA 74 o] & =7t =2 S 83 a4 5 stuo|th EAE o] 83t 4] oA A7) Zefof] M= gl
Lefoll Cot T EAE0] 23w (super alloy), AHd &= &2 Aol A= oln] 1%k Cog l"%“ﬂr g olof| gk
Zl(magnetic device) W O] B A|F 5O &2 AHE-9] ¢ Yol & Aol 02! o] of 4] A A &2 X 37 (substituent)e] S-atom-2-
AL HA Cool HA} BEslof Bt o7 &haks| 2 SL3}15}= cysteine, methionineX}, N-atom-2- 3£3}F5}= histidine
3w 31 ¢Jth.!" Chloride (CIN)&} bicarbonate (HCO;) 80 S 0.5 M HCIZ} 0.5 M H,S0, £=2-900] 2713} Coo tist
I e 54 s A= Cool Atstulato] 7 X|= A ofu| e AbS] FAFIPY I} HA] oA AIE RAFSHIT
T HREQS R neta IHE Mol ohet IVES
ESHEE of 2] 71HA] o] FA oA of] gt A7t &g A o
A8 31 9l ch 117
4k22(0), AAN), )= Z3ek= 34 F718A4 B =718k 542 Q18 HFE(po)= 245

-327-



328 Ll

o_>|:

GamryA}F2] Model G 750/ZRA Potentiostat/Galvanostat®} -5
A+9] EuroCell System& AF&3F 0w, 243 dlo|g =
= A7} A|-&3F Gamry Echem Analyst softwareS- A-&-5}0]
243kl ol AFge Ha) 87 (el 71 20T 3wz

A& 44 22 Fe(fiitted glass)= ZHafo] shof A 7
2o 7 2% &7](three compartment cell)7} & =2 LA
3kt

A A H(WE)S Good FellowAl2] 4% 99.9%, 27 3.0 mm
l Co & 4 epoxy A 2 7h5-3to] 48 Co-
DISK =& 5o} ARG o, ufs =4 ol No.
2000—4 SiC ¢1u}X](emery paper)2 Co A=9] S A}
g SRER &01 AFgstTh B Ao T A (Pt
wieg, |2 Ae woh sz HASCES AL A
. wpebA 2 e ol SAIH 491 Hok SCEA] Tt gk
olc}. 2717} A7 E| -§-l(deaerated solution)o] 42] 275 9]
Bto] ME AF L o} 2 L(ANO R 158
Ar 2-9]7] o) A A5t

BA] oA AR ALST obulieAbe Aldrich A1o]
>98%¢9] L-Cysteine (Cys), L-Methionine (Met), L-Histidine
(His)y& AH&-8F51 1 HCIZ}F HaSOus= Al ol Al -3 &
43 Aok AHg skt

S purgingdt &

T Ek

24 ﬂl_ Xl

=1
= =

Inhibition Efficiency of Amino Acids

Fig. 13} 2= 0.5 M H2S042} 0.5 M HC1 89 ¢f Cys& 3
7}sFo] &4 3t Potentiodynamic polarization (Pd) 2-41&©]t}.
7k Qo 9] Tafel linex} & A $(equilibrium
potential) 2] W H O ZHE KA o} HAHZE 131 O
o, o 2HE| A& 47| 8hetA QIAES Tuble 10 R.9F
stich. Cyso] 27k S7hatel et 0.5 M A oo
N BA R BRI} A7) asie] A
oe] WO 2 ol Fakelrh. et 05 M @A Gelol At

-t
10° T T T
Coin 0.5 M H SO, (containing Cys), deaerated I
-1
10 3 1
"§ 107 4
<
Z 107} 1
4
]
S 10"} 1
€ —oO0Mm
e ----10°M
- 105
3 { 10°M |
} -==10"M
10*
3 10°m ]
10" 1 1 1
0.8 0.6 0.4 0.2

Electrode potential, Volts vs SCE

Figure 1. Potentiodynamic polarization curves for the cobalt
electrode in deaerated solution of 0.5 M H>SOs, containing var-
ious concentration of cysteine at a scan rate of 1 mV/sec.
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Figure 2. Potentiodynamic polarization curves for the cobalt
electrode in deaerated solution of 0.5 M HCl, containing various
concentration of cysteine at a scan rate of 1 mV/sec.
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Table 1. Corrosion parameters for the different concentration of cysteine in 0.5 M H,SO4 and HCL. [Cys], M; Ieom, uA/cm?; Ecom, V; IE, %

0.5 M H2SO4 0.5 M HCI
[Cys], M -Ecorn V Leor, UA/cm? IE, % -Ecomn, V Leor, UA/cm? IE, %
0 0.477 634 0 0.462 242 0
107 0.483 552 12.9 0.454 191 21.1
107 0.475 291 54.1 0.478 148 38.8
5%10°° 0.487 84.7 86.6 0.484 53 78.1
1074 0.486 773 87.8 0.488 55 72.3
5%107 0.479 43.9 93.1 0.489 37.5 84.5
107 0471 534 91.6 0.485 42 82.7
5x1073 0.470 52.1 91.8 0.482 44.7 81.5
1072 0.466 56.8 91.1 0.473 46 81.0

Journal of the Korean Chemical Society



100 T J T T T v T T T
L = ™
[
(=]
=]
80 o o o i
o
X
E 60 | 4
g "
L2
&
% 4L g .
[
2
x
2 200 @ = [Cys]in0.5MH.SO T
£ [Cys]in 0. ,S0,
| o [Cys]in0.5MHCI
0O o -
1 n 1 " 1 " 1 . 1 " 1
0.000 0.002 0.004 0.006 0.008 0.010
[Cysl, M

Figure 3. The variation of [E values vs the concentration of cys-
teine of Co electrode in 0.5 M HCI or 0.5 M H,SOy4 solution.
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Figure 4. Potentiodynamic polarization curves for the cobalt
electrode in deaerated solution of 0.5 M H»SOs, containing var-
ious concentration of methionine at a scan rate of 1 mV/sec.
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Figure 5. Potentiodynamic polarization curves for the cobalt
electrode in deaerated solution of 0.5 M HCI, containing various
concentration of methionine at a scan rate of 1 mV/sec.
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Table 2. Corrosion parameters for the different concentration of methionine in 0.5 M H,SO4 and HCL. [Met], M; Lo, uA/cm?; Ecom, V; IE, %

0.5 M HaSO4 0.5 M HCI
[Met], M -Eeom, V Teom UA/cm? IE, % -Ecor, V Leom UA/cm? IE, %
0 0.477 634 0 0.462 242 0

10°° 0.459 471 25.7 0.455 134 44.6
5%x107° 0.455 331 47.8 0.458 157 35.1
107 0.464 254 59.9 0.46 178 26.5
104 0.459 148 76.7 0.458 164 322
5%x107 0.457 126 80.1 0.489 120 50.4
107 0.430 126 80.1 0.446 93 61.6
5%1073 0.443 513 91.9 0.461 71 70.7
1072 0.423 60.9 90.4 0.457 66 72.7
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Figure 6. The variation of IE values vs the concentration of amino
acids of Co electrode in 0.5 M HCI or 0.5 M H»SOj4 solution.
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Figure 7. Potentiodynamic polarization curves for the cobalt
electrode in deaerated solution of 0.5 M H>SOs, containing various
concentration of histidine at a scan rate of 1 mV/sec.
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Figure 8. Potentiodynamic polarization curves for the cobalt
electrode in deaerated solution of 0.5 M HCI, containing various
concentration of histidine at a scan rate of 1 mV/sec.
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Table 3. Corrosion parameters for the different concentration of histidine in 0.5 M H,SO;4 and 0.5 M HCL. [His], M; Lo, uA/cm?; Ecor, V;

IE, %
0.5 M H,S04 0.5 M HCI
[His], M -Ecor, V Leom, UA/cm? IE, % -Eeom, V Leom, UA/cm? IE, %
0 0.477 634 0.462 242 0
107 0.484 625 14 0.451 116 52.0
5%x107° 0.469 539 15.0 0.448 86.4 64.3
107 0.476 460 274 0.453 66.2 72.6
5%107 0.467 366 423 0.453 70.1 71.0
107 0.481 422 334 0.451 71.4 70.5
5x107 0.46 370 41.6 0.455 57.0 76.4
1073 0.459 331 478 0.462 56.8 76.5
5x1073 0.452 258 59.3 0.447 51 78.9
1072 0.456 209 67.0 0.454 373 84.6
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Figure 9. The variation of IE values vs the concentration of his-
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Figure 10. Curve fitting of cysteine adsorption on cobalt by
Langmuir isotherm in deaerated 0.5 M H>SO4 and 0.5 M HCIL.
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Figure 11. Curve fitting of methionine adsorption on cobalt by
Langmuir isotherm in deaerated 0.5 M H>SO4 and 0.5 M HCI.
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Figure 12. Curve fitting of histidine adsorption on cobalt by
Langmuir isotherm in deaerated 0.5 M H»SO4 and 0.5 M HCI.

Journal of the Korean Chemical Society



QAkT} FHAF Golol A SPE ] RAjof m]x] iz ofu]iAko] 14

A A 333

Table 4. Adsorption parameters from Langmuir isotherm for some amino acids in 0.5 M H.SO4 and 0.5 M HCI for cobalt corrosion. AG s,

kJ/mol
0.5 M H>SO4 0.5 M HCI
Slope Interc. R? Kads AG%g,  Slope Interc. R? Kads AG s,
Cys 1.09 9.76x10°° 0.999 1.12x107 -50.2 1.20 6.04x10°° 0.999 1.99x10° -40.2
Met 1.09 3.2x107 0.999 3.41x10° 415 1.37 1.33x107* 0.999 1.03x10* -32.8
His 1.52 2.33x107* 0.995 6.48x10° 317 1.19 5.15%x107° 0.999 2.31x10* -34.8
Zlojtt. v g o= Co-32H(3-)°] iminium g2 3ketg2ks HS ofsl A ftE= A o2 whakE Qi)
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