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ABSTRACT

Electrochemical impedance spectroscopy (EIS) ardntiodynamic polarization (PDP) studies were cadriout to
investigate the comparative corrosion protection ficefncy of  3-hydroxy-7-isocyano-8-phenyl-2-(p-
tolyl)pyrimido[2,1-b][1,3]thiazine-4,6-dione (HPPTDon carbon steel in 1.0 M HCI. EIS plots indicathdt the
addition of this inhibitor increases the charger+isdier resistance (g, decreases the double-layer capacitancg)(C
of the corrosion process, and hence increases itidiib performance. At 303 K, polarization measuratse
indicated that this compound is mixed-type inhibitfdoreover, the thermodynamic activation parametr the
corrosion reaction were calculated and discussedeilation to the stability of the protective inHii layer. The
adsorption of the studied pyrimidothiazine derivatbbeyed the Langmuir adsorption isotherm.

Keywords: Pyrimidothiazine inhibitor, Carbon steel, HCI, &I Polarization.

INTRODUCTION

Acid solutions are widely used for industrial claay) for oil well acidification, and in petroleunrqresses [1,2].
Hydrochloric acid is generally used in the picklipgocesses of metals and alloys [3,4], becauseheir t
aggressiveness; inhibitors are used to reduceateeaf dissolution of metals. The use of organidemules as
corrosion inhibitors is one of the most practicathods for protecting metals against corrosion, iaiglbecoming
increasingly popular [5-25]. The adsorption of thesolecules depends mainly on certain physicoctamic
properties of the inhibitor molecules such as fiomztl groups, steric factors, aromaticity, electdemsity at the
donor atomsg-orbital character of donating electrons, and etett structures of the molecules [26-31].

Investigations of more environmentally acceptalderasion inhibitors are of great practical intere®he of the
effective methods to prevent corrosion is the uSerganic inhibitors. It has been widely seen tbaganic
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molecules containing heteroatoms such as nitragidfyr, or oxygen as well as heterocyclic aromatig systems
containing conjugated double bonds have been mhag good inhibitors for carbon steel [32,33].

The present investigation was undertaken to exathiaeorrosion inhibition capacity of a heterocy@rhydroxy-
7-isocyano-8-phenyl-2-(p-tolyl)pyrimido[2,1-b][1{Bjazine-4,6-dione (HPPTD) in 1.0 M HCI soluti@m carbon
steel at 303-333 K using potentiodynamic polaiasaf{PDP) curves and electrochemical impedancetsyssopy
(EIS) methods. The adsorption isotherm of inhibitor steel surface was determined. Kinetic paramedee
calculated and discussed in detail. Figure 1 shbessnolecular structure of the pyrimidothiazineidsive utilised
in this investigation.

CHs

Figure 1. Structure of 3-hydroxy-7-isocyano-8-phenyl-2-(p-tolyl)pyrimido[2,1-b][1,3]thiazine-4,6-dione
MATERIALSAND METHODS

Materials

The steel used in this study is a carbon steel (E8)onorm: C35E carbon steel and US specificat®xE 1035)
with a chemical composition (in wt%) of 0.370 %230 % Si, 0.680 % Mn, 0.016 % S, 0.077 % Cr, DT,
0.059 % Ni, 0.009 % Co, 0.160 % Cu and the remaiimda (Fe).

Synthesis

Pyrimidin-4-ones, by virtue of their ambident nuapéilic centers, are good starting materials fa& signthesis of
several interesting N and S-bridged heterocycléso,Ave have designed a simple method for the sgighof 3-
hydroxy-4,6-dioxo-8-phenyl-2-(p-toly)-4,6-dihydropwmido [2,1-b][1,3]thyazine-7-carbonitrile (HDPDTQ)y the
reaction of gem-cyanoester epoxide 1 with the piglimd-one 2.

Indeed, treatment of 2 with one equivalent of pydim4-one 2 in acetonitrile under reflux for 3Hatled product
identified as 3-hydroxy-4,6-dioxo-8-phenyl-2-(pytp#,6-dihydropyrimido  [2,1-b][1,3]thyazine-7-canhitrile
(HDPDTC). Scheme 1 shows that the reaction prockgdke regioselective opening of the epoxideaté by the
sulfur atom followed by that of nitrogen atom ofripyidin-4-one 2 leading to 3-hydroxy-4,6-dioxo-8€éstyl-2-(p-
toly)-4,6-dihydropyrimido[2,1-b][1,3]thyazine-7-dawnitrile through cyanhydrins andketoesters as intermediates
[34].
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Scheme 1. Synthesis of new pyrimidothiazine derivative.

Solutions

The aggressive solutions of 1.0 M HCI were prepédmedilution of analytical grade 37% HCI with disd water.
The concentration range of 3-hydroxy-7-isocyandiéyl-2-(p-tolyl)pyrimido[2,1-b][1,3]thiazine-4,6iahe
(HPPTD) used was 10M to 10° M.

Polarization measurements

Electrochemical impedance spectroscopy

The electrochemical measurements were carried $iag \/olta lab (Tacussel- Radiometer PGZ 100) paistate
and controlled by Tacussel corrosion analysis sofwmodel (Voltamaster 4) at under static conditibhe
corrosion cell used had three electrodes. The enfer electrode was a saturated calomel electroG&)(SA
platinum electrode was used as auxiliary electafdirface area of 1 émThe working electrode was carbon steel.
All potentials given in this study were referredthis reference electrode. The working electrods imamersed in
test solution for 30 minutes to a establish stestdye open circuit potentiaEgcp). After measuring thEocp, the
electrochemical measurements were performed. Adtedchemical tests have been performed in aesatedions
at 303 K. The EIS experiments were conducted irfregguency range with high limit of 100 kHz andfeient low
limit

0.1 Hz at open circuit potential, with 10 points decade, at the rest potential, after 30 min af aomersion, by
applying 10 mV ac voltage peak-to-peak. Nyquistploere made from these experiments. The best selmican
be fit through the data points in the Nyquist plsing a non-linear least square fit so as to dieeibtersections
with thex-axis.

The inhibition efficiency of the inhibitor was calated from the charge transfer resistance valssguthe
following equation [35]:

n,% :LiR“me L

t
where, R’ and R, are the charge transfer resistance in absencengésence of inhibitor, respectively.

Potentiodynamic polarization

The electrochemical behaviour of carbon steel sanmpinhibited and uninhibited solution was studisdrecording
anodic and cathodic potentiodynamic polarizatiorves. Measurements were performed in the 1.0 M $dQltion
containing different concentrations of the testelihitor by changing the electrode potential auttcadly from -
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900 to -100 mV versus corrosion potential at a seae of 1 mV 3. The linear Tafel segments of anodic and
cathodic curves were extrapolated to corrosion ni@leto obtain corrosion current densitids,f). From the
polarization curves obtained, the corrosion curept) was calculated by curve fitting using the equatio

- {exp(zsan_ ex;{ 2.3’3Eﬂ o
. ﬁa ﬂc

The inhibition efficiency was evaluated from theawered ., values using the relationship:

corr X 100 (3)

| =1
0/ — __corr
,7Tafel /0 - °

corr

where, | and|!  are the corrosion current density in absence agsepce of inhibitor, respectively.

corr corr

RESULTSAND DISCUSSION

Electrchemical | mpedance Spectroscopy (EIS)

Electrochemical impedance spectroscopy (EIS) igféactive method for corrosion studies of metathaterials.
The effect of HPPTD concentration on the impedasmectra of carbon steel in 1.0 M HCI solutions @3 X is

recorded in Fig. 2 (Nyquist plots). It is clear dee that the impedance spectra are significantingdd with
addition of different HPPTD concentration. From figquist plots, it was also observed that, evenpitesence of
HPPTD does not alter the style of impedance plbiss indicating the addition of HPPTD does not deathe

mechanism for the dissolution of carbon steel (hM.HCI solution [36,37].

The impedance diagrams show only one capacitive lmpresented by slightly depressed semicircle hwhic
indicates that the corrosion of carbon steel inM..BCI solution is mainly controlled by charge tsfer process and
formation of a protective layer on the carbon sweface. The diameter of the capacitive loop iases with the
increase of HPPTD concentration proposing thatftmmed inhibitive film was strengthened by the aiddi of
HPPTD [38]. The depressed semicircles are geneadtitiputed to the frequency dispersion as welf@sgghness
and inhomogeneities of solid surface, and masspi@mh process [39], distribution of the active sitadsorption of
inhibitors [40-42]. The adsorption of this inhibiton the carbon steel surface decreases its ectapacity
because of the displacement of water molecule #ret @ns originally adsorbed on the metal surfd¢e decrease
in this capacity with increase in inhibitory contration may be attributed to the formation of atpotive film on
the electrode surface [43]. The thickness of thigqetive layer increases with increase in inhibifoncentration, as
more pyrimidothiazine derivative electro staticaligsorbed on the electrode surface, resulting moticeable
decrease in & This trend is in accordance with Helmholtz mogigkn by the equation:

0 i A
=2 x @
org
C:(:ﬂ
whereg, is the vacuum dielectric constastjs the local dielectric constard, is the thickness of the double layer,
andA is the surface area of the electrode.
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Figure 2. Nyquist digrams Steel in 1.0 M HCI without and with different concentrations of HPPTD.

Table 1. Electrochemical impedance parametersand inhibition efficiency for carbon steel in 1.0 M HCI solution with HPPTD at 303K.

Conc Ry fmax  Ca Nz
(M) (Qcnf) (Hz) (uFfenf) (%)
Blank 1.0 32.8 63.3480.99  -----

10° 459.0 125 18 93
10* 2420 3.16 34 86
HPPTD 10° 157.7 125 61 79
10°  108.0 250 69 70

Potentiodynamic polarization measurements

Effect of concentration inhibitor

Figure 3 illustrates the polarization curves ofbcar steel in 1.0 M HCI solution without and with ricaus
concentrations of HPPTD at 303 K. The presenceRIPTD shifts both anodic and cathodic branchesdadadwer
values of corrosion current densities and thus esiasremarkable decrease in the corrosion rate p@femeters
derived from the polarization curves in Figure 8 given in Table 2. In 1.0 M HCI solution, the mrse of HPPTD
causes a remarkable decrease in the corrosion.eateshifts both anodic and cathodic curves toelowurrent
densities. In other words, both cathodic and anoglictions of carbon steel electrode are retarged®PTD in
hydrochloric acid solution. The Tafel slopespgfat 303 K change remarkably upon addition of HPPWhich
indicates that, the presence of HPPTD change thehamésm of hydrogen evolution and the metal digsmiu
process. Generally, an inhibitor can be classifistathodic or anodic type if the shift of corrospotential in the
presence of the inhibitor is more than 85 mV wiélspect to that in the absence of the inhibitor484,In the
presence of HPPTD, E; shifts to less negative but this shift is lowdsdat 6-81 mV) which indicates that HPPTD
can be arranged as a mixed type inhibitor, witldpneinant cathodic effectiveness.
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Figure 3. Polarisation curvesfor carbon steel in 1.0 M HCI in the absence and presence of different concentrations of HPPTD at 303K.

Table 2. Polarisation data of carbon steel in 1.0 M HCI without and with addition of inhibitor at 303 K.

Conc ‘Ecorr ‘ﬁ

. c leorr MNTafel 0

Inhibitor ™ (mv/AgiAgCl) (mVidec) (A cm?) (%)

Blank 1.0 475.9 1756 10778 - -
107 556 118 57 947 0947
10* 517 99 100 90.7 0.907

HPPTD 105 481 86 114 89.4 0.894
10° 521 95 180 83.3 0.833

Effect of temperature

The effect of temperature on the various corrogiarameters &;, lcorr @aNdNTare (%) was studied in 1.0 M HCI at
temperature range 303-333 K in the absence aneémresof 1.0 mM of HPPTD (Figs. 4 and 5). Variatioin
temperature has almost no effect on the generglesbithe polarization curves. The results wertedisn Table 3.
An inspection of Table 3 shown that, as the tentpegancreased, the values of,Eshift in the negative direction,
while the values of.),, increase an@rq (%) decrease. This behaviour reflects physicabigd®n of HPPTD on

the steel surface.
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Figure 5. Potentiodynamic polarisation curves of carbon steel in 1.0 M HCI at different temperatures.
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Figure 6. Potentiodynamic polarisation curves of carbon steel in 1.0 M HCI in the presence of 10° M of HPPTD at different
temperatures.

Table 3. Theinfluence of temper ature on the electrochemical parametersfor carbon steel electrodeimmersed in 1.0 M HCIl and 1.0 M
HCI + 1.0 mM of HPPTD.

Temp -Ecorr I corr Nrafel
(K) (MV/Ag/IAGCD)  (uAcm? (%)
303 498 1077.8
Blank 313 490 1200
323 481 1300
333 459 1400
303 556 57 94.7
HPPTD 313 516 240 80.0
323 533 300 77.0
333 530 500 64.3

The mechanism of the inhibitor action can be dedumg comparing the apparent activation energigsjrEthe
presence and absence of the corrosion inhibitaotivétion parameters such ag, Ehe enthalpy of activatiomy\H,,

and the entropy of activationS,, for both corrosion and corrosion inhibition oflzan steel in 1.0 M HCI in the
absence and presence of 1.0 mM concentration ofTBPIA the range of temperatures (303 to 333K) were
calculated from an Arrhenius-type plot (eq. 5) &madhsition state (eq. 6), respectively. Figuresid a represent the
data plots of Ln ¢hy) versus 1000/T and Ln.}/T) versus 1000/T, respectively, in the absencepardence of 1.0
mM concentration of this inhibitor. The calculateaues of g, AH, andAS, are tabulated in Table 4.

E
=kexp ——= 5
corr p( RT) ( )
_RT (Asaj F{A Haj
| oo =—€EXP) ex (6)
Nh R RT

where E is the apparent activation corrosion energ@yis the absolute temperature, k is the Arrhenius pre
exponential constanR is the universal gas constahtjs Planck’s constanf) is Avagadro’s numberAS, is the
variation of entropy of activation artH, is the variation of enthalpy of activation.
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Figure 8. Transtion state plotsfor carbon steel in 1.0 M HCI in the absence and presence of 1.0 mM concentration of HPPTD.

Table4. Activation parameters, E,, AH, and AS,, of the dissolution of carbon steel in 1.0 M HCl in the absence and the presence of 1.0

Inspection of Table 4 shows that values of botlafd AH, obtained in presence of HPPTD are higher than those
obtained in the inhibitor-free solutions. This olsion further supports the proposed physical raaigm. Higher
values of g suggests a physical adsorption mechanism [46]lewhichanged or lower values of i inhibited
systems compared to the blank has been reported9l be indicative of chemisorption mechanism.t@e other
hand, the positive value a&H, reflects the endothermic nature of the carborl gissolution process [50], while the
increase ofAS, reveals that an increase in disordering takesepdacgoing from reactant to the activated complex
[51]. This behavior can be explained as a resuthefreplacement process of water molecules duadtsgrption of
HPPTD on steel surface. One can notice thang8AH, values vary in the same way (Table 4).
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Figure 7. Arrhenius plotsfor carbon steel in 1.0 M HCI in the absence and presence of

)

corr

Ln (I

Effect of immersion time

-10.04
-10.54

-11.04

1.0 mM concentration of HPPTD.

-7.5
-8.04
—8.5—-
-9.0—-

-9.54

= Blank
10°M HPPTD

3.00

3.05 3.10 '
1000/T (K%

T -
3.15

mM of HPPTD.
Inhibitor  Ea AHa AS,
(kd/mol)  (kI/mol) (I mol* K%
Blank 7.3 10.0 -231.5
HPPTD 57 59.6 -89.7

www.scholarsresearchlibrary.com



M. Larouj et al Der Pharma Chemica, 2014, 6 (3):373-384

Figure 9 shows the impedance spectra at differantdrsion time in 1.0 M HCI containing 0 of HPPTD. It is
marked that these diagrams exhibit one capacitiop.llt is also note that the increasing of imnmrdime affects

the diameter loops.

The variation of inhibition efficiency with tempeuae is given in Table. It is clear from the tathiat the increase in
the immersion time does not affect much on thebiibn efficiency. These results demonstrate thatformation
of surface film, and therefore the HPPTD adsorptamnthe electrode surface is stable with immersioe.

300
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Figure9. Effect of immersion time on the behaviour of the carbon steel / 1.0 M HCl interface in the presence of 10°M of inhibitor

Adsorotion isotherm
In order to gain more information about the modadsgorption of HPPTD on the surface of carbon stedlfferent

temperatures, the experimental data have beendtesth several adsorption isotherms. In order tdéambthe
isotherm, coveragé as a function of HPPTD concentration must be obkthi Coverage can be obtained from

polarization measurement by the following equaftf]:

— I ;orr B I cizorr
= —tor__cor )

corr

where, | and |’ are the corrosion current density in absence aesepce of inhibitor, respectively. The best

! " corr corr

fit was obtained with Langmuir adsorption isotheamin Fig. 10. According to Langmuir isotherm, Cage0 is
related to inhibitor concentration,by the following relation [52]:

o
1_0 = KadsCinh (8)
and rearranging it gives
c,_ 1
—h=——+C 9
6 K inh ( )

ads

where Kygsis the equilibrium constant of the adsorption pssce
Fig. 10 shows the plots of g6 against inhibitor concentration,gat 303K and the expected linear relationship is

obtained for this compound with excellent correlaticoefficent (B (Table 5), confirming the validity of this
approach. The slope of the straight lines is urdtiggesting that adsorbed inhibitor molecules faranolayer on
the carbon steel surface and there is no interaetioong the adsorbed inhibitor molecules.
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Figure 10. Langmuir adsor ption of HPPTD on the carbon steel surfacein 1.0 M HCI solution.

Table5. Langmuir adsor ption parameters.

Inhibitor ~ Slope  Kgs R? B
() AGads
(kJ/mol)

HPPTD 1.05 565991.82 0.99999 -43.49

The value of K4sobtained from the Langmuir is listed in Table &gdther with the value of the Gibbs free energy

of adsorption AG;dS) calculated from the equation [53]:

AG., =-RTLr55.5K,) 10)

where R is gas constant and T is absolute temperati experiment and the constant value of 55.5hés
concentration of water in solution in mof [54].

The high value of Ky for studied pyrimidothiazine derivative indicateosmiger adsorption on the carbon steel
surface in 1.0 M HCI solution. This can be explditg the presence of heteroatoms aralectrons in the inhibitor
molecules. Large value of & imply more efficient adsorption hence better it efficiency [55]. The large
value of K,gsobtained for the pyrimidothiazine derivative agr@gth the high inhibition efficiency obtained.

The negative value QAG;dS calculated from Eg. (10), are consistent with therganeity of theadsorption process

o

and the stability of the adsorbed layer on the @arteel surface. Generally, valu#sAG,, up to -20 kJ mot are

consistent with physisorption, while those aroud@ kJ mof' or higher are associated with chemisorption as a
result of the sharing or transfer of electrons fremanicmolecules to the metal surface to form a coordibated

[55]. In the present work the value ﬁfG;dS is equal to -43.49 kJ mibl The large value OAG;dSand its negative
sign is usually characteristic of strong interattiand a highly efficient adsorption [56]. The highlue of
AG;dS shows that in the presence of 1.0 M HCI chemisorptif HPPTD may occur.

CONCLUSION

The present study shows that 3-hydroxy-7-isocyaipiréhyl-2-(p-tolyl)pyrimido[2,1-b][1,3]thiazine-4,8ione
(HPPTD) functioned as an inhibitor of carbon sta®tosion in hydrochloric acid media. Polarizatioaasurements
suggest a mixed-inhibition mechanism, with pred@nincathodic effectiveness. The protection efficienf this
inhibitor, calculated from impedance and polar@atimeasurements, was found to increase with ineréas
concentration of the inhibitor showing a maximurfiogncy of 94.7 % at 1.0 mMThe effect of temperature on the
electrochemical system shows that the pyrimidoth&aderivative becomes less efficient at the higteraperature.
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Adsorption models- Langmuir, Temkin and Frunkintieyms were tested graphically for the data andotts fit
was obtained with the Langmuir isotherm.
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