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2-AMINOTIAZOL UN 0.5 M HCl COZELTISINDE YUMUSAK CELIGIN
YUZEYINE ADSORPSIYONU VE KOROZYON INHIBISYON ETKINLIGININ
iINCELENMESI '-

R.SOLMAZ, G. KARDAS, B. YAZICI, M. ERI;I,i'":L.
Cukurova Universitesi, Fen Edebiyat Fakiﬂtesi, Kimya Bolimii, 01330, I_?i_;EC'c_lll,» Adana-Tiirkiye

OZLT: Bu ¢alismada 2-Aminotiazol’tin 0.5 M HCI ¢ozeltisinde yumusak gelig'inl yiizeyine adsorpsiyonu ve
korozyon inhibisyon etkisi incelenmistir. Bu amagla, akim-potansiyel egrileri, elektrokimyasal impedans
spektroskopisi (EIS), lineer polarizasyon direnci, yiizey fotograflars, hidrojen. gaz ¢ikigt ve acik devre
potansivelinin zamanla degisiminden yararlamimsur, Inhibitorty ve inhibitOrsiiz ortamlardaki aktivasyon
enetjileri {Ea). adsorpsiyon denge sabiti (Kuas) ve adsorpsiyon serbest enerjisi (AGue) gibi termodinamik deferler
hesaplanarak tartisilmistir. EIS yontemi kullamlarak metalin mhlbumlu ortamdaki blfi! yik potansiyeli (PZC)
belirlenerek  adsorpsiyon mekanizmast  Snerilmistir.  2-Aminotizaol™tin . mhlbmyon etkinligi. inhibitor
molekiillerinin metal viizeyine adsorplanarak koruyucu bir film olusturmas: ile dglE\ anmml::

Anahtar Kelimeler: 2-aminotiazol, korozyon inhibitoril, sifir yiik potansiyeli.

THE INVESTIGATION OF ADSORPTION AND COI{RdeON INHIBITION
EFFECT OF 2-AMINOT HIAZOLE ON MILD STEEL SURF ACE INO05MHCT
SOLUTI,ON '

ABSTRACT: In this study, the ddsorpuon and corrosion mh1b1t10n effect o{ 2 dn'lm()i]]m?()lp on mild steel in
0.5 M HCI solution was studied. For this purpose, current-potential curves, electrochemical Jmpcdamc
spectroscopy (EIS), linear polarization resistance, surface photographs, hydrogen evolution and change of open
circuit potential with immersion time techniques were utilized. The value ofactivation energy {(Ea) for the MS
corrosion in inhibited and uninhibited solutions and the thermodynamic parameters such as adsorption
equilibrium constant (K.q,) and free energy of adsorption (AG,e) values were caleulated and discussed. The
potential of zero charge (PZC) of the MS in inhibited sotution was studied by the ELS method, and 2 mechunism
for the adsorption process was proposed. The inhibition efficiency of 2-aminothiazole was discussed in terms of
adsorption of inhibitor molecules on the metal surhce an(i a pxotcctwe illm formatxon

Keywords: 2-aminothiazole, corrosion inhibitor, potentxal of zero Lhar‘ge

1. INTRODUCTION

The adsorption of organic molecules at the metal/solution interface is of great interest in
surface science. Since the degree of pmtection of metals is a function of adsorption, the
investigation of the relation between corrosion inhibition and adsorption is of greal
importance (1). Corrosion is an important problem which resulting a terrible waste of both
resources and money during the application of metallic materials. Corrosion controf is
_important in extending the life of equipment. It also limits the dissolution of environment ally
toxic metals from the components. Therefore, the prevention from the corrosion of mectals
used in industrial applications is an important issue that must be dealt with. The use of
inhibitors is one of the most practical methods for protecting against corrosion and their use
takes place more and more attention until now. The existing data show that most organic
inhibitors act by adsorption on the metal surface. Their efficiency as a successful inhibitor is
mainly dependent on their ability to get adsorbed on the metal surface which consists of the
replacement of water molecules at a corroding interface (2)
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Org s+ M0 o > Org ey + nH20 (o (1

where Org o and Org .y are the organic molecules in the solution and adsorbed on the
metal surface, respectively and n is the number of water molecules replaced by the organic
molecules,

fo recent years, there is a considerable amount of effort devoted to find novel and
efticient corrosion inhibitors. Organic compounds containing heteroatoms such as sulfur,
nitrogen and oxygen act as better corrosion inhibitors (3-5).

2-aminothiazole (ZAT) and its derivatives are reported to have anti corrosive properties
(0). T-aminothiazole modified silica gel has high selectivity to Hg(I) [71, Cu(ll), Ni(Il) and
Py (8 jons. 2-Aminthiazole and its derivatives are healthy compounds and play an
tiportant role in biological reactions because of their antimicrobial (9), antitumor (10)
activities, The vitamin B, and the penicitlin molecules also contain a thiazolidine ring (11).
This study aims 10 study adsorption and inhibition effect of 2AT on the mild steel (MS)
corrosion in 0.5 M HCI solution in both short and long immersion times as well as (o clarify
imhibition maechanism, '

2LEXPERIMENTAL.

The working electrode was a cylindrical disc cut from an MS rod with following chemical
composition (wil; C(0.21 %), Si (0.36 %), Mn (1.25 %), P (0.025 %), S (0.046 %), Cr (0.16
Yer, N6 Gy, Cu (0,41 %), Mo (0.017 %), Sn (0.017 o), Al (0.003 %), V (0.081 %) and
e tremainder). The mild steel specimen was coated with polyester block, aspect for
measurement arca of 0.50 em” and the electrical conductivity was provided by a copper wire.
The exposed surface area of MS was 0.50 cm”.

The tests were performed in 0.5 M HCI solution and containing various concentrations of
2AT. whose chemical structure is given in Fig. 1. The concentration range of the inhibitor
employed was varied from F.OX107 M to 1.0x10™ M. All the test solutions were prepared
from analytical grade chemieal reagents in distilled water without further purification. For
cach experiment, w freshly prepared solution was used. During the experiments, the test
soliutions were opened (o air. For potentiodynamic polarization measurements, the test
solutens were conlinuously  stirred using a magnetic stirrer while all the others were
performed  under un-stirring  conditions. The solution temperature was thermostatically
controlled at a desired value.

A CHE 604 model computer controlled electrochemical analyzer (serial number:
OATITAY was used for the electrochemical measurements. A double-wall one-compartment
cell with a three-electrode configuration was used. A platinum sheet (with 2 cm? surface area)
and Ag/AeCl electrode were used as therauxiliary and the reference electrodes, respectively.
Al potential values were referred to this reference electrode. The working electrode was first
imersed i the test solution and after establishing a steady state open circuit potential, the
electrochemical  measurements  were  performed.  The polarization. curves were
potentiodynamically obtained in the potential ranges from -0.90 V to-0.10 V with a sean rate
of 0.005 Ve The EIS. experiments were conducted in the frequency range of 100 kHz 1o
0.003 Mz at an open circuit potential by applying alternating current signal of 0.005 V peak-
to-peak. The linear polarization measurements were carried out by recording. the potential
+0.010 vV around open circuit potential at a scan rate of 0.001 Vs''. The polarization resistance
(Rp} was determimed from the slope of the obtained current-potential fines. During the long-
lerm tests, the working electrode was immersed in-a beaker-which containg 200 ml:-test
soluton. Alter different immersion times, electrochemical measurements were. performed
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under the un-stirring conditions. The change in the hydrogen gas evolution measurements was
performed as described elsewhere (12). The change of open circuit potential as a function of
exposure time in the absence and presence of inhibitor was determined vs. AglAgCl reference
electrode. The long term tests were carried out at room temperature (~25°C) under un-stirring
conditions. e =

In order to investigate the mechanism of the inhibition and calculate the activation energy
of the corrosion process, the polarization curves were obtained at various temperatures (25-
55°C) in the.absence and the presence of 1.0x107* M 2AT. To determine the potential of zero
charge of the MS, the impedance of the MS was determined at different potentials in 1.0x107
M 2AT containing 0.5 M HCI solutions.

N
in— |

S
2-aminothiazole

Figure 1. The Chemical structure of 2-aminothiazole.

3._ RESULTS AND DISCUSSION
3.1 Pote.ntiodyuamic Polarization Measurements

Representative polarization curves of MS in 0.5 M .HCI' solution with various
concentrations of 2AT after 1 h of exposure time were shown in Figure 2a. The
electrochemical parameters correspond to Figure 2a, i.e., corrosion potential ( £, ), corrosion

current density (i ),corrosion rate (CR), weight loss (WL);’E and inhibition efficiency

(IE %) values were calculated from these curves and listed im Table 1. The inhibition
efficiency 1E % was calculated from polarization measurements according to the relation;

IE(%) = [M]xlo() _ : ‘ i (2

corr

where i, and i,, are the uninhibited and the inhibited corrosion current densities,
respectively. These values were obtained by the extrapolation of the current-potential lines to
the corresponding corrosion potentials. The weight loss was calculated with the help of
corrosion cutrent values. The corrosion rate (mm per year) was calculated assuming that the
whole surface of MS is attacked by-corrosion and no local corrosion is observed.
. It can be seen from Figure 2a and Table 1 that, both anddic and cathodic reactions were
inhibited after the addition of 2AT to the 0.5 M HCI solution. It is clear that, the inhibition
efficiency of 2AT is concentration dependent and its inhibition efficiency was pronounced at
higher inhibitor concentrations. In contrary to the inhibition -efficiency, the corrosion
potential values weren’t changed significantly when the inhibitor - added to aggressive

solution. These results suggest that ZAT acts as mixed type cortosion inhibitor.
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" Figure 2. Polarization curves for MS recorded after 1 h {a) and 120 h (b) of exposure time in 0.5 M HC!l solution
free (0) and containing [.OX107 (A), 1.OX10™ (@) and 1.0x10° M () 2AT.

In order to investigate the effect of iminersion time on the inhibition effect of 2AT on the
corrosion behaviot of MS, the p()tentiodynamm polarization curves for the MS in 0.5 M HCI
solution with and without 1.0x107 M 2AT were also obtained after 120 h of immersion time,
and the recorded plols are presented in Fig. 2b. As can be seen from Figure 2b, in inhibited
solution the corrosion potential was considerably shifted to more negative potential whereas
the corrosion potential of the MS was nearly the same in blank solution (-0.527 V and -0.459
V in inhibited and blank solutions, respectively). It is clear from Figure 2b that, both the
anodic and cathodic cutrent values were lower in the case of inhibited solution indicate that
2AT 1s a good corrosion inhibitor for the corrosion of MS in 0.5 M HCI solation. The high
inhibition efficiency was discussed in terms of adsorption of inhibitor molecules on the metal
surface and a protective film formation (12). This film reduces the surface areas exposed to
the corrosive medium"zind delays the hydrogen evolution and the iron dissolution,

Table 1. f*iucimchermca% parameters for MS deter mmcd from polarization curves in 0.5 M HCI free and
. mm.nmng, LOX107? M 2AT solutions.

“on /M Beo/V " Leow/mA.cm®  CR / mpy WL/ gmZh! %IE
. py

blank  -0460  0.7150 82905 7.4482

LOX10™  -0458 01676 3.8867  3.4918 53.1
S.0x10™ 0463 0.1569 . 36385 32689 56.1
1L.Ox10®  -0450  0.1555 36061 3.2397 56.5
5061070459 00218 28246 25376 659

1.0x107  -0.448 0.0862 1.9990 1.7959 75.0
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3.2. Electrochemical Impedance Sspectroscopy

Figure 3a-b shows typical Nyquist and Bode plots of MS in 0.5°'M HCI solution in the
absence and in the presence of different concentrations of 2AT after ! h exposure time. It is
clear that all of the impedance spectra consist of one dépressed capacitive loop corresponding
(o one time constant in Bode plots. The. deviation from ideal semicircle was generally
attributed to the frequency dispersion (13) as well as to the inhomogenities of the surface and
mass transport resistant (14). ST
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Figure 3. The Nyquist (a} and log(freq)-log(Z) (b) plots for M3 ele_étrodé obt_ained‘in 0.5 M HCI solution free
(o) and containing 1.0x10™ (A), 1.0x107 (D) and 1.0x 107 M (=) 2AT.

In this paper, the difference in real impedance at lower and higher frequencies was
considered as a charge transfer resistance (15). The values of polarization resistance and
related percentage inhibition efficiency values, which were determined from Figure 3, were
given in Table 2. S

Table 2. Electrochemical parameters for MS corresponding to the EIS and LPR data in 0.5 M HCI solution free
- and containing different concentrations of ZAT. :

EIS LPR
C/M R,/ Q % IE “Rp/Q % *IE
blank 45 R
10x10* 684 290 715 385
.5.0x10'4 70.5 1 36.2 7_5i.4 41T
1.0x107 108 .58.4 109 59.6
5.0x10° 170 73.5 '._143 69.2

1.0x10° 230 80.4 . 217 - 797
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The polarization resistance values were also determined from the linear polarization
resistance (LPR) technique and the determined data were given in the same Table with
corresponding inhibition efficiencies. The inhibition efficiency was calculated from the
polarization resistance using the following formula,

. R,—R
1E Yo = —‘l—}“?“;“'““" xi 00 (3)

7
where R and R; are uninhibited and inhibited polarization resistances, respectively.

[t is obvious from Figure 3 that the addition of inhibitors results in an increase in the
diagmeter of the semicircular capacitive loop. Table 2 indicates that by increasing
concentration of 2AT, polarization resistance and related inhibition efficiency increased. The
it 9% values obtained from the EIS were comparable and run parallel with those obtained
from the LLPR and the potentiodynamic polarization measurements,

15 has been widely used for investigation of protective properties of organic inhibitors
on metals. It s particularly a useful technique to follow evolution of inhibitor-metal system
over time. 1t does not disturb the double layer at the metal/solution interface (16). Therefore,
more reliable results can be obtained from this technique. From longer immersion times, it
wits possible (o characterize the surface layer modification, i.e. formation and growth of
inhibitor [1lm (17). For this purpose, the impedance measurements for the MS in uninhibited
and inhibited 0.5 M HCI solution with the addition of 1.0x10° M 2AT after the different
inumersion times were performed up to 120 h and the obtained results were given in Figure 4
in Nyquist representation. As seen from Figure 4a, in blank solution, the Nyquist plot for MS
includes only one slightly depressed capacitive semicircle, which indicates the corrosion
process in uninhibited solution is mostdy controlled by a charge transfer process. The
polurization resistance for MS in u;1im'1il)§tcd solution was shightly reduced after 4 h. In the
case of inhibited solution, the diameter of capacitive loop was increased when compared to
that obtained afler I h of exposure time may suggests the formation of a protective film on the
MS surface. After 24 k (Fig. 6b), the diameter of the semicircle recorded in the presence of
ihe inhibitor was bigger when compared to shorter exposure times, which indicated the
continuwous growth ol the surface film and the approach in the perfect coverage of the surface
il on the mwetal. The growth of this layer enhanced the corrosion resistance of the metal. In
conbrary (o the inhibited solution, the polarization resistance of the MS in blank solution was
reduced with the exposure time. After 72 h. Nyquist plots showed two slightly disturbed
capacitive loops one at high frequency and the other at low frequencies in inhibited solution.
First foop appearing at-high frequencies was attributed to the charge transfer resistance and
diffuse layer resistance and the second loop was attributed to the film resistance and all other
accumulated kinds (corrosion products, inhibitor molecules etc.) (12). After 120 h, a slight
decrease in the polarization resistance of the MS in inhibited solution was observed, which
may be due (o the formation of somedefects on the film leading to the access of aggressive
ions Lo the metal/inhibitor interface,

Table 3 collects the values of both polarization resistance and corrosion inhibition
elficiency vatues (1E %) corresponding to the EIS and L.PR data as being associated over 120
hexposure time. It is ¢clear from Table 3 that, a strong decrease of R, value in blank solution
was obtained with increasing immersion time. However, Ry valuc in lllh]bﬂ‘cd solution
increased up o 24 h, and then tends o a decrease. Because of a strong decrease in R, value
for uninhibited 0.5 M HC! solution, when one compared that for 1=1h1h1tf:d one, a hsnh IE
value was calculated aftc:: 120 h orcxpoqurc time,
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Figure 4. Nyquist plots for MS in HCI solution free (o) and containing "1.0;(-10"?:2‘2&."- () after 4 h (a), 24 h (b),
72 h (c) and 120 h (d) exposure times (inset shows the Nysuist plot of blank solution).

" Table 3. Polarization resistances of MS in 0 in 0.5 M HCl free and contdining. 1."09(;1"0‘2 M ZAT solutions after
different immersion thmnes o

Blank 2 AT _

EIS LPR EIS LPR
t/h R,/ *Rp/Q  RYQ - IE% - *RpiQ  E%
4 40 327 . 375 894 . 3650 910
24 30 24.1 420 929 ..3922 939
48 18.3 200 - 350 94.8 3484 94.3
72 11.6 165 340 966 - 3300. 950
96 8:4 120 334 975 © . 3279 963
120 6.6 6.9 320 97.9 ; 97.9

321.5
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3.3, Hydrogen Gas Evolution Measurements

The change in the volume of Ha gas evolved from the corrosion reaction as a function of
reaction tume is represented outphxcatly in Figure 5a. It is clear from Figure 5a that, in the
solution without inhibitor, the rate of hydrogen evolution is small at the beginning of the
reaction, and then it increases markedly due to increase in surface area as MS dissolves. The
addition of 2AT to the corrosive media reduces conside:abiy the rate of Hj evolution. Aftt,r
120 h of exposure, in 0.5 M HCI solution 146 mL cm™ Hy gas evolved whereas in 1.0x107 M
2AT containing HCI solution only 6.4 mL.cm™ hydrogen gas evolved per unit area of MS
indicate that, inhibitor molecules adsorb strictly onto the metal surface and blocking the
clectrochemical reaction efficiently through decreasing the available surface area.

FE L D T —— -0.350
140 - —O— blank (b)
','g 120 - ~0.400 - -8 2AT
wr 100 -
B0 - z
= w0450 -
S B
40 - -0.500 7 e
20 - RARSRAL SR
8 -0.550 g T ’ ? 7

0 24 48 72 96 120 144
t/h

Figure 5, The change of hydrogen gas evolution on the MS electrode (a) and open circuit potential (b} with
exposure time in 0.5 M HCI (o) and containing 1.0x10 M 2AT (e) solutions.

3.4. Change of Open Circuit Potential with Immersion Time

The open circuit potenual of the MS as a function of immersion time (Egcp-t) was
measured against Ag/AgCl reference electrode in 0.5 M HCI solution containing 1.0x107 M
2AT over 120 h and the obtained data were presented graphically in Figure 5b. It is clear from
Figure 5b that, in blank solution, the E,, value of the MS shifts towards more positive

ocp
potentials continuously up 1o 24 h and after this time period it is nearly stable around -0.460
V. The addition of 1.0x107 M 2AT to the 0.5 M HCI solution produce a considerably nobler

E,., value and tends to posses more cathodic values with the increasing immersion time. The

obtained results clearly indicate the adsorption of 2AT molecules on the cathodic sites of the
metal surface, which blocks these areas efficiently.

3.5, Surface photographs
The surface photographs of MS, which were immersed in blank and containing 1.0x10™
M 2AT after 120 h, were presented in Figure 6. It can be seen clearly from Figure 6, there are

pits distributed over the metal surface however a good surface coverage on the MS surface in
the presence of inhibitor which provides a good corrosion inhibition efficiency,
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Figure 6. Surface photographs of MS taken after 120 h of i immersion in 0.5 M HCI (d} and and 1.OX107 M 2AT
containing (0.5 M HCI (b} solutions. e

3.6. Inhibition Mechanism and Thermodynamic Consideration o

The activation energy (Ea) of the corrosion pzocess in the. dbs(,nce and presence of
1.0x107% M 2AT solutions were calculated as described elsewhere (12, 18) found to be 57.40
kJ.mol™ and 75.75 kJ.mol’' for the corrosion process in the absence and presence of 2AT,
-respectively. The increase in activation energy after the addition of. the inhibitor to the 0.5 M
HCI solution indicates that physical adsorption (electrostatic) occurs in the first stage (18).
The higher Ea value in the inhibited solution can be correlated with the increased thickness of
the double layer, which enhances the activation energy of the corrosion process.

In order to obtain adsorption isotherm, the surface coverage values (0). for different
concentrations of 2AT in 0.5 M HCI solution have been obtained from EIS measurements and
tested graphically for fitting a suitable adsorption isotherm. The plot of C,, /60 vs. C,, yield

inh
a straight line with correlation coefficient of 0.996 and the slope of 1.2128 providing that, the
adsorption of 2AT from hydrochloric acid solution on the MS surface obeys Langmiur
adsorption isotherm. The value of equilibrium constant, K, and the free encrgy of

adsorption, AG,, values were calculated as described elsewhere and found to be 2.2x100 M

and 29.02 kJ.mol". The high value of the adsorption equilibrium constant reflects the high
adsorption ability of this inhibitor on MS surface. The negative value of AG,, indicate
spontaneous adsorption of the 2AT on the MS surface (20) and also the strong interaction
between inhibitor molecules and the metal surface (21). The value of AG,, is less than 40

kJ.mol! is commonly interpreted with the presence of physical adsorpuon by the formation of
an adsorptive film with an electrostatic character (22).

The surface charge of metals can be defined by the position of open circuit potential in
respect to the respective potential of zero charge (PZC). The PZC of the MS in 0.5 M FICH
solution with the addition of 1.0x1072 M 2AT solutions was determined after 1 h and [ ound (o
be -0.505 V. The open circuit potential of the MS in the same conditions was  -0.448 V. The
difference, E,=Eocp-Epee=0.057 V, where E, is the Antropov’s “rational” corrosion potentiai
(23) is positive, which means the metal surface is positively charged at the open circuit
potential after 1 h of exposure time. It is well known that the chloride ions have a smalil
degree of hydration, and due to specific adsorption,-they bring an excess negative charge
towards the solution side of metal attracting most of the cations (24). The 2AT molecules
exist as protonated through nitrogen atoms in HCI solution and it is in equilibrium with the
corresponding molecular form. The protonated inhibitor molecules could be adsorbed on the
metal surface via chloride ions, which form interconnecting bridges between the positively

inli
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charged metal surface and protonated organic cations (12, 18). In addition to the physical
asdsorption, the adsmpimn of 2AT can occur directly on the basis of donor acceplor
imteractions berween n electrons and N atoms of th neutral SpCCICS as well as ki elu,trone of
cationic species and the vacant d'orbitals of iron. - :

4. CONCLUTIONS - -

The adsorpdon and inhibition effect of 2AT on the corrosion behavior of the MS in 0.5 M
HC1 was studied in both short and long immersion times using différent techniques. The
obtained results showed that 2AT performed good inhibition efflcmncy for the corrosion of
the MS in 0.5 M HC]I solution and the mhlbrt:on efficiency was concentration dependent. The
high inhibition efficiency of 2AT was atributed to the adherently adsorption of the inhibitor
molecules on the MS surface, and a protective film formation. The potentiodynamic
polurization curves indicated that acts as mixed type inhibitor. The 1hc,rmoc{ynama<, data
indhicated that the adsorption is more physical than the chemical adsorption.
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