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Abstract: The inhibiting proprieties of two innoxious amimeids (cysteine and phenylalanine) as bronze dorros
inhibitor in a strong acidic solution of 0.2 g/L &0, + 0.2 g/L NaHCQ at pH=3 was studied by open-circuit potential
measurements, electrochemical impedance spectpsoup SEM analysis. The impedance measurementaleeléhat
the bronze interface in the absence and in theepoesof the amino acids could be suitably represebly a (3RC)
equivalent electrical circuilThe magnitude of polarization resistance valuesrdghed from the impedance spectra and,
consequently, the inhibition efficiencies were fduto depend on the structure of amino acids. Thic@nosive
efficiencies of the investigated compounds decréaslee order: Cys (96.91 %) > PhAla (52.22 %). SEhlysis of the
bronze surface revealed that amino acids inhikitottonze corrosion process, due to their abilitgdsorb on the metallic
surface. The results are consistent with the st increase of impedance in the presence adrigpnic inhibitors.
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1. Introduction maximum inhibition efficiency (84%) was achieved at
concentrations of about 16 mM in 0.6 M NaCl andLat

Copper and copper-based alloys are commonly usedrM in 1 M HCI, respectively [14]. The adsorption of
produce heat exchangers, building constructiogysteine on the copper surface in neutral and @cidi
electronics, coinage, art works etc. [1]. chloride solutions obeys the Langmuir adsorptiatherm.

In spite of the fact that copper is a relativelybleo Matos et al. [15] reported that at low polarisatxysteine
metal, its corrosion resistance diminishes when thHghibits the anodic dissolution of copper in sukfuacid
aggressive solution concentration increases. media due to formation of the cysteine—Cu (1) intediate.

Typical corrosion inhibitors for copper and itsogis At high overpotentials, cysteine has no influenoeanodic
are heterocyclic compounds containing nitrogengexyor Process.
sulphur atoms [2-3]. The effectiveness of theseanig Furthermore, in recent papers [22-23] we have
molecules is based on their ability to form a pectte film  reported the beneficial effect exerted by severaina
by several mechanismd.g adsorption, polymerization acids,i.e. cysteine (Cys), glutamic acid (Glu), methionine
etc.). (Met), histidine (His), arginine (Arg) and alanif®la) on

Nevertheless, an important disadvantage dfronze corrosion in weak acidic electrolyte. Weéhéound
heterocyclic compounds is their toxicity and theklaof that the protection effectiveness of the amino sauh
biodegradability [4-6]. bronze corrosion strongly depends on their molecula

Increasing awareness of the health and ecologgka r structure, particularly on the size and electraefiects of
has drawn attention to finding more suitable inoits, the substituents in molecule, as shown in the falig
which are nontoxic [7]. In this context, several ri® sequence: Cys > Glu > Met > Arg > His [22].
focused on the investigation of the amino acids as The efficiency of the amino acids as corrosion
corrosion inhibitors of iron [8], steel [9-12], ahinum [7], inhibitors depend among other parameters, on solyiH,
lead [13], copper [6, 14-19] and its alloys [20]various because it may determine a corrosion mechanisnstéte
aggressive media. Amino acids are innoxiou®f metallic surface, as well as the state of irtbibi
biodegradable, soluble in aqueous media, relatichlgap molecule (protonated, deprotonated) [24].
and easy to produce at high purity [21]. In this context, continuing our previous works e t

The investigations revealed that cysteine is thestmouse of amino acids as environmentally-safe corrosio
efficient corrosion inhibitors of copper in neuteadd acidic inhibitors of bronze, we have studied the anticsive
chloride solutions, due to its physical adsorptwm the properties of cysteine (Cys) and phenylalanine (Bh# a
metallic surface via the mercapto- group in its esalar strong acidic solution of 0.2 g”LN&SO, + 0.2 g L*
structure. For instance, cysteine has found to axt NaHCQatpH = 3.
cathodic-type inhibitor for copper corrosion ands it
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The electrochemical behavior of bronze in the atsen 3. Results and Discussion
and in the presence of different concentrationsamfno
acids was studied by open-circuit potential and 31 Open-circuit potential measurements
electrochemical impedance spectroscopy measurenfnts
scanning electron microscope (SEM) was used for the The evolution of the open circuit potentials (odp)
surface analysis. bronze over 1 hour immersion in the corrosive sofut
without and with the addition of amino acids atfeliént

. concentrations is illustrated in Fig. 1.
2. Experimental g

The corrosive medium was an aqueous aerated 015

solution of 0.2 g/L Ng5O, + 0.2 g/L NaHCQ, acidified to | Cysteine
pH=3 by addition of dilute 50, The solution was otod o ____
prepared using analytical grade reagents (Merck, _'/f..-l:——f
Darmstadt, Germany) and ion-exchanged water. E)J
Amino acids (Sigma Aldrich, UK) were dissolved in & 0-051 T
the electrolyte solution to the concentrations eanf0.1 - g ________
50 mM, depending on the compounds solubility limit. > 0004 .7 _eeem T 4
The molecular structures of the amino acids areveho 5 =T
in scheme 1. 3 o
-0.05 L’ .
0 O o e ]
JL -0.10 4 T T T T T T T T T T T
P NN 0 600 1200 1800 2400 3000 3600
HS OH | J ] OH time/s
NH; o NH; .1, Phenylalanine
Cysteine (Cys) Phenylalanine (PhAla) | —
Scheme 1. Molecular structure of the investigatatha acids E)J 0.054 :
N
An electrochemical cell with a three-electrode ggunfation g
was used; the working electrode was made of br¢gze 0.283 > (4, | 1
cn?) with the chemical composition presented in Tabla large = '
platinum grid and a saturated calomel electrode {SEe used g
as counter and reference electrodes, respectively. 0,054 |
TABLE 1. Chemical composition (% at) of bronze working - S _._“.—_
electrode 0 600 1200 1800 2400 3000 3600
Cu | sn| Pb] zn] Ni| Fe] s time/s

94.03| 3.31] 024 144 025 0.22 0.51

Figure 1. Variation of the open-circuit potentiattime for bronze
electrode after immersion in the corrosive medithnabsence and

Electrochemical experiments were performed at roonf’ the(f’nrfﬂs)?("ucﬁ)ogiﬂnif‘g'i_s (""t d;ﬁir_e’(’i‘ff’j‘?“l[’é?if’fg‘”gg]o acids
temperature, using a PAR model 2273 potentiost&A)U ’ ' o T ’ '
controlled by a PC computer.

Electrochemical impedance spectrosco%h

- o 0
measurements (EIS) were carried out at the opewitir neqative with time. until it reaches a steady siatee
potential after 1 hour immersion of the bronze tetste in gThe value of £he steadv-state otentiZJg(Ef br.onze
the corrosive medium. The impedance spectra WeIS blank solution was + 0 13/0 mV st) SCE. The addiof
acquired in the frequency range 100 kHz to 10 mtizGa the amino acid in the corfosive medié shift.s tleady state
[igintsvpe_rrﬁert_z de%ade wi? ?n AC voltt;;lge ampldzituﬂdi -fhotentials towards more negative values as compargg

mV. The impedance data were then analyzed wi ! N . .
software based on a Simplex parameter regression. i’a::lk?yogige:sgiggbt'go;f;?:vffgxg%tﬁhzb?;cvgg
prepI;?;dmg;/phl?;z%Ii%zl frt]lédleefé cg]c?d ebsr orf]gre GSElSJ rfﬁgir;v _the cathodic process due to the _inhibiting effl_fcamino
electrolytes containing different concentrations o?c'd molecules and/or the deposition of corrosiutpcts
inhibitors. Then, the specimens were washed genitly on the eIectrogIe surface [20]. .
water, carefully dried and observed without anytHer E. Oguzie et al. [9] showed that a precise

A : A tegorization of a compound as an anodic or cathod
treatment, by scanning electron microscopy usirgpias cate : : .
Ultra 55 SEM FEG apparatus. inhibitor requires an & displacement of up to 85mV with

respect to the blank corrosive solution.

As it can be seen in Fig. 1, the open-circuit pti&én
ws the same trend in all the solutions, it gatse

157



Chem. Bull. " POLITEHNICA" Univ. (Timisoara) Volume 55(69), 2, 2010

The magnitude of the jEdisplacements suggests that ~ As can be seen in Fig. 2, the impedance response of
at low concentrations (0. 1-1 mM), the amino acidbronze in uninhibited solution changed after thditamh of
simultaneously affect the cathodic and anodic reast the amino acids; the increase of low frequencytlimfithe
while at higher concentrations they predominantlympedance (polarisation resistance) in the presefidbe
influence the cathodic reduction, probably acting aorganic compounds confirms the inhibitive propertie
barriers to the diffusion of oxygen molecules frahe exerted by the amino acids on bronze corrosiortriong
solution to the bronze surface. acidic solution.

Three capacitive loops are necessary for computer

3.2. Electrochemical impedance spectroscopy fitting of experimental data obtained in the abgeand in
measurements the presence of amino acids with an electrical \edent

circuit. The (3RC) electrical circuit presentedrig. 3 was

In order to obtain information on the electrocheahic adopted to carry out a non-linear regression cafmr
processes taking place at the bronze interfaceh&n twith a Simplex method. This circuit was formerlyedsin
absence and in the presence of amino acidsimilar systems in order to explain the copperasion in
electrochemical impedance spectroscopy (EIS) wenhloride solution of different pH values [24] ortlhronze
carried out. The measurements were conducted afpilve- corrosion in the presence of thiadiazole derivatia3.
circuit potentials and the obtained Nyquist plote a

depicted in Fig. 2. The insets present the highueacy \[Cf, Ny

domain of impedance spectra in enlarged scale.
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Figure 2. Nyquist plots of bronze electrode in @2N&SQ, + 0.2 g/L
NaHCGQ; (pH3) solution, in the absence and in the presefice
different concentrations of amino acids
(mM): (m) O; (¢) 0.1; (A); 1; (V) 10; (») 50.
The symbol (—+—) corresponds to the fitted datagEencies are
expressed in Hz.

)\ \(Cq Na
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Figure 3. (3RC) equivalent electrical circuit usedcomputer fitting of
the experimentalata

The origin of the variables used in the (3RC)
equivalent circuit from Fig. 3 were ascribed adofek [3,
25]: R-electrolyte resistance;;R resistance representing
the ionic leakage through pores of a dielectria thim
formed on the surface that is reinforced in thespnee of
the inhibitors and by the ionic conduction throutghpore;

C: - capacitance due to the dielectric nature ofsiindace
film (corrosion products); R charge transfer resistance; C

- double layer capacitance at the bronzelelectolyt
interface; R - faradic resistance of the corrosion products
layer accumulated at the interface; -(faradic capacitance
due to a redox process taking place at the eleetsadace,
probable involving the corrosion productg; m, and r are
coefficients representing the depressed charatiteoisthe
capacitive loops in the Nyquist diagrams.

A capacitive loop is calculated, at the given aagul
frequencyw (rad §') according to the following equation:

z=— N (1)
1+(j wRIT)"

whereO<n<1

The results of non-liner regression calculationhwit
Simplex method (cross symbols) are superimposeitheto
experimental data in Fig. 2 and the obtained impeéa
parameters are given in Table 2.

The fine overlap between the experimental and the
calculated data (cross symbols) observed in Figra¥es
that the chosen equivalent electrical circuits prop
reproduce the experimental data obtained in therales
and in the presence of different concentrationsamfno
acids, respectively.
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TABLE 2. Parameter values for bronze corrosion calculated by non-linear regression of the impedance data using the equivalent
eectrical circuitsfromFig. 3.

Inhibitor Re R o) R Cq R Ce Ry IE
conc. (mM) | (Q cnf) (Qcnm?) | (uFlen?) | (Qcend) | (uFlen?) | (Qcmd) | (mF/enf) | (Q cnf) (%)
0 149.17 86.06 49.72 220.64 520.59 132923 276,80 635.23
(O:yf 256.76 289.54 69.71 560.39 389.2¢ 3684.40 19272 34.38 6.39
1 158.85 1654.30 1.74 6549.50 343.38 15186 1.37 3288 92.99
10 185.29 1790.30 1.42 17013 219.12 34090 0.071 9338 96.91
50 238.21 138 9.94 11157 16.30 5648 3.5¢ 16943 490.
PhlAIa 187.20 134.25 59.54 255.91 103.2 1718.3 559.650 8.260| 2241
10 175.29 198.58 54.67 535.68 346.25 2689.91 80.463424.17 52.22
R=R+ R+ Re

As expected, the film resistance; Ricreases and results obtained for other inhibitors [29] and ablde a
attains the maximum values in the presence of botimo  consequence of deterioration of the adsorbed itdnitayer
acids at a concentration of 10 mM. In the same titlhe on bronze surface.
values of Cdecrease proving that the surface film formed In strong acidic solution, the maximum inhibition
in presence of these optimum concentrations of micga efficiency values were obtained in the presencethef
compounds is probably thicker and less permeable. optimum concentration of amino acids: 10 mM Cys a@d

The decrease of they@alues, which results from a mM PhAla.
decrease in local dielectric constant and/or anease in The effectiveness of the corrosion organic inhisitis
the thickness of the electrical double layer, sstggehat related to the extent to which they absorb and rcolve
the investigated amino acids act by adsorption lo& t metallic surface. The adsorption process mainlyeddp on
metal/solution interface. The charge transfer tesiee R the number of adsorption sites in the inhibitorslenole
increases when the organic inhibitors are addedhé& and their charge density, molecular size and intena
corrosive solution, indicating a marked anticorooseffect mode with the metallic surface [17].
of the amino acids on bronze dissolution in straeglic In acidic solutions, the amino acid molecules osdar
solution. its protonated form and could be adsorbed on thetreldic

The value of € is compatible with the hypothesis onsurface through the nitrogen, the oxygen or sul@tams,
the origin of this loop attributed to an oxidatioeduction which form a blocking barrier to metallic surfacaeda
process involving corrosion products. In presenté¢he decrease the corrosion rate.
amino acids, Rincreases, indicating that these compounds The good anticorrosive protection of Cys on bronze
stabilize a species covering the electrode sui2gle corrosion is probably a consequence of its adsmrpbin

Taking into consideration that the polarizatiorthe electrode as bidentate ligand in which surface
resistance R calculated as the sum RR; + R= from the coordination is taking place through both the angnoup
resistance values determined by the regressiomlatitn, and the —S— moiety [12, 30]. In the case of phdagiae,
is the parameter most closely associated to comosite, the phenyl- ring could exert a steric hindrance,ictvh
the protective effectiveness of the investigatesthpounds affects the adsorption of the organic molecule oconbe
will be assessed by,Ralues [27-28]. surface.

In order to evaluate the anticorrosive effectivenes
the amino acids, their inhibition efficiencyilE) was
calculated using the polarization resistance values
according to the following equation:

aualic
IE(%)= 1000 =" ()
|

corr
where B and R, are the polarisation resistances i

; - ; . . ducts.
electrolytes with and without amino acids, respedyi. pro . S
From Table 2 it is clearly that in most cases, the The slight inhibiting effect exerted by PhAla
corrosion rate decreases in the presence of iw&es’d reduced the roughness of the bronze surface, alsecaeen

amino acids and this effect is more pronouncedhat tn Fig. t4tf['. In cfcmct:rast, 1'8 theM prelsencte of the|mpm .
highest concentration of inhibitors. The exceptappears concentration ot ys (10 mM) aimost no corrosion 1s
in the case of Cys where a decrease of thedue was visible on the metallic surface (Fig 4c), confirgihe
observed at a further increase of its concentrdtiom 10 marked inhibiting efficiency of Cys at this conaeion,

mM to 50 mM. This phenomenon is consistent with th&’h'Ch is in agreement with the electrochemical itssu

3.3. SEM analysis

Fig. 4a presents the bronze surface morphology afte
66 hours of immersion in the corrosive solutiontie
absence of any organic compounds. It can be segrhé
rpronze surface is covered with a layer of corrosion
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Figure 4. SEM micrograph of the bronze surfaceiobthafter 66 hours immersion in 0.2 g/L NaHC€0.2 g/L NaSQ, (pH 3) in the
absence (a) and in the presence of: (b) 1 mM Paida(c) 10 mM Cys

4. Conclusions thank Stephan Borensztajn (CNRS - UPR 15, Paris,
France) for his efficient help for SEM observaticsusd

Our study reports the effects of two innoxious amin 'Nterpretations.
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