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ABSTRACT

A new compound of corrosion inhibitor namely 2-{2Hoxyethyl)-6-phenylpyridazin-3(2H)-one (GP1) was
synthesized and its inhibiting action on the coiwasof mild steel in 1.0 M hydrochloric acid at 3068 was
investigated by various corrosion monitoring teaiuds. A preliminary screening of the inhibitionicéincy was
carried out using weight loss measurements. Patdptiamic polarization and AC impedance methods haen
used. Potentiodynamic polarization studies showd this pyridazin derivative was mixed type intthi The
effect of temperature on the corrosion behavioumddl steel in 1.0 M HCI with the addition of tliempound was
studied in the temperature range from 308-343K. @dsorption of this inhibitor on mild steel surfaé®m
hydrochloric acid obeyed the Langmuir adsorptiosthigrm.

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

INTRODUCTION

One of the most vital processes in the field of/prgion of corrosion and its control is the us@fanic inhibitors.
The crucial part in the mechanistic aspect of sohtbitors is the specific interaction between agrtfunctionalities
in the inhibitors with the corrosion active centi@s the metal surface. Heteroatoms such as nitfogeygen,

sulphur present in the inhibitors play a leadintg fia this interaction by donating their free eteat pairs [1-21].
Hence most of the organic compounds containingetieteroatoms generally act as good inhibitorsaddition,

compounds with multiple bonds behave as efficiahthitors due to the availability of-electrons for interaction
with the metal surface. Certain inhibitors posdesth the above two featuredz., availability of lone pair from
heteroatom as well ag-electrons in the same molecule, and such composhdss extraordinary inhibition
characteristics. Corrosion of mild steel is mostnmon type of corrosion in acidic solution. It hasactical

importance in acid pickling, chemical scale clegnin metallurgy, in petrochemical industry etc.dtychloric acid

is most common type of acid used in the variousustiies. This leads to the researchers to studyetteet of

corrosion inhibitors on mild steel in hydrochlogcid solutions. [22-26].

In the present study, the inhibition of corrosidmmld steel in 1.0 M HCI aqueous solution by 2Kpdroxyethyl)-

6-phenylpyridazin-3(2H)-one (GP1) was investigatesiing weight loss method and electrochemical tephes.
Effect of temperature was studied between 308 d3d<3and determination of activation parameters.
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MATERIALSAND METHODS

Materialsand inhibitor

The steel used in this study is mild steel witthamical composition (in wt %) of 0.21 % C, 0.38 %05 % Mn,
0.05 % S, 0.09 % P, 0.01 % Al and the remaindar {Fe). Pyridazine organic compound (GP1) is sysiflesl in
the laboratory of Organic Chemistry and Physics AEC- URAC18), Faculty of Sciences Oujda, Moroccy, b
Benchat and al. [27, 28]. The chemical structurpyofdazine derivative studied is given in Fig.1.

Pyridazine name Chemical Structure Abbreviation
Ph

2-(2-hydroxyethyl)-6-phenylpyridazin-3(2H)-one

GP1
N——CH,——CH,0H

Figure 1._Chemical name, structure of the pyridazine derivative and their abbreviation

Solutions

The aggressive solutions of 1.0 M HCI were prepédmedilution of analytical grade 37% HCI with dikd water.
The organic compound tested is 2-(2-hydroxyethyph&nylpyridazin-3(2H)-one (GP1). The concentratiange
of this compound was o 10° M.

Weight loss measur ements

Coupons were cut into 1 x 1 x 0.05 cmiimensions are used for weight loss measureméhier to all
measurements, the exposed area was mechanicadiggembwith 180, 320, 800, 1200 grades of emery gafére
specimens were washed thoroughly with bidistilledter, degreased and dried with ethanol. Gravimetric
measurements are carried out in a double wallessgtall equipped with a thermostated cooling coseenThe
solution volume is 50 mL. The immersion time for thveight loss is 6 h at 308 K. In order to get good
reproducibility, parallel triplicate experiments r@eperformed and the average weight loss valudrefet parallel
carbon steel sheets was obtained. The corrosier(Vgtwas calculated by the following equation:

V= w (1)
St

WhereV was the corrosion rate in (mg &™), wis the average weight loss of three parallel carsteel sheets
(mg), Swas the total area of one carbon steel sheef) (@mdt was immersion time (h).

With the calculated corrosion rate, the inhibitifficiency ¢w. %) was obtained as the following equation:

V, —V
v

N %= x100 @

0
WhereV, andV are the values of corrosion rate without and witfecent concentration of inhibitor, respectively.

Polarization measurements

Electrochemical impedance spectr oscopy

The electrochemical measurements were carried g (volta lab (Tacussel- Radiometer PGZ 301) patstate
and controlled by Tacussel corrosion analysis sofwmodel (Voltamaster 4) at under static conditibhe
corrosion cell used had three electrodes. The arnéer electrode was a saturated calomel electroG&)(SA
platinum electrode was used as auxiliary electfdgurface area of 0.094 énThe working electrode was carbon
steel. All potentials given in this study were reéel to this reference electrode. The working etetet was
immersed in test solution for 30 minutes to a disthlsteady state open circuit potentiab¢p). After measuring the
Eocp, the electrochemical measurements were pertbrAleelectrochemical tests have been performederated
solutions at 308 K. The EIS experiments were cotetliin the frequency range with high limit of 108z« and

7
www.scholarsresearchlibrary.com



A. Ghazoui et al Der Pharma Chemica, 2014, 6 (3):6-16

different low limit 0.1 Hz at open circuit potealti with 10 points per decade, at the rest potkerafeer 30 min of
acid immersion, by applying 10 mV ac voltage peapeak. Nyquist plots were made from these experisadhe
best semicircle can be fit through the data pdimthie Nyquist plot using a non-linear least squdrso as to give
the intersections with theaxis.

The inhibition efficiency of the inhibitor was calated from the charge transfer resistance valgisguthe
following equation [29]:

,72% - Rct(inh) - Rt %100 3)

t(inh)
whereR;; andR nnywere the values of polarization resistance in tisgeace and presence of inhibitor, respectively.

Potentiodynamic polarization

The electrochemical behaviour of carbon steel sanmpinhibited and uninhibited solution was studdgtrecording
anodic and cathodic potentiodynamic polarizatiorves. Measurements were performed in the 1.0 M $dQltion
containing different concentrations of the testelibitor by changing the electrode potential auttoady from -
800 to +200 mV versus corrosion potential at a sea@ of 1 mV 8. The linear Tafel segments of anodic and
cathodic curves were extrapolated to corrosion mii@leto obtain corrosion current densitidg,f). From the
polarization curves obtained, the corrosion curtkgt) was calculated by curve fitting using the equatio

_ (2.3&] {Z.SXEJ
| =1_.|exp 7 - ex T 4

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

7%= e L 100 ©)

corr

where,|” and|' are the corrosion current density in absence aegkpce of inhibitor, respectively.

17 corr corr

RESULTSAND DISCUSSION

Gravimetric measurements
Effect of inhibitor concentration
This measurement method allows to directly assgstia corrosion rate|(), this value can be calculated by

equation (1) and subsequently the determinatioth@feffectiveness inhibitory (protective power of iahibitor
(nwL %0) of this organic compound using the relation e value of these parameters obtained from wedgist
method at different concentrations of inhibitorli® M HCI at 308 K temperature is presented in &dbl

Table 1. Gravimetric results of mild steel in 1.0 M HCI at different concentration of each inhibitor at 6h and 308 K.

- Conc v nwL 0

Inhibitor M) (mg cn?hY (%)

Blank 1.0 1.142 e e
1x10° 0.185 82.8 0.828
5x107 0.199 825 0.825

GP1 1x1d  0.341 70.0 0.700
5x10° 0.435 61.9 0.619
1x10° 0.521 54.3 0.543
1x10°  0.694 39.1 0.391

From the Tablel and the Fig.2, it is clear thatéase of inhibitor concentration caused a decriease weight loss
as well as corrosion rate of mild steel and, insirgg the efficiency of inhibition to reach the naxim value of
82.80% at the highest concentration of M0 This shows that the molecule of GP1 may be dmkbon the metal
surface to cover the active sites on the electsodface.
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Figure 2. Variation of inhibition efficiency and corrosion ratein 1.0 M HCl on mild steel surface without and with different
concentrations of GP1.

Effect of temperature and thermodynamic activaiarameters

The effect of temperature on the corrosion rateanbon steel in 1.0 M HCI over the temperature eaf3§8 to 343
K) (see Table 2) in the absence and presence fefr@ift concentrations of the investigated compourats been
studied. The % inhibition efficiency is found tocadease with increasing the temperature; this indétahat, this
compound is physically adsorbed on the carbon steéces.

Table 2. Various corrosion parametersfor mild steel in 1.0 M HCI in the absence and the presence of optimum concentration of GP1 at
different temperatures after 1h.

Temp Inhibitor v nwe 0
K) (mgcm?h?) (%)
Blank 1142 e e
308 GP1 0.185 82.8 0.828
Blank 1580 - e
313 GP1 0.330 79.1 0.791
Blank 3030 @ e
323 GP1 0.944 68.8 0.688
Blank 5150 - e
333 GP1 2.374 53.9 0.539
Blank 9.000 - -
343 GP1 5.713 36.5 0.365

The dependence of corrosion rate at temperaturebeaaxpressed by Arrhenius equation and transiiete
equation:

-E
L =——=2+Lnd 6
n(v) R (6)

RT AS AH
v =——exp s lexp - 2 (7

Nh R RT
wherev is the corrosion raté, the pre-exponential factor, h is the Planck’s tams(6.626176 x 18 Js), N is the
Avogadro’s number (6.02252 x 1023 MpIR is the universal gas constant and T is thelatestemperatureAH

the enthalpy of activation, and\S, entropy of activation. The apparent activationrgpeand pre-exponential

factors for a 1.0 mM of concentration of the intdibican be calculated by linear regression betvigev) and 1/T,
the results were shown in Table 3.

A plot shown in Figure 3, of corrosion rate obtair®y weight loss measurement versus 1/T gave btrige. The
value of the Eobtained from the slope equals to tH&/R) and the pre exponential factor calculates lyitiercept
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(LnA) of the line reported in Table 3. It is eviderrfr the Table 3 that the activation energy increasedddition
of GP1 in comparison to the uninhibited solutioheTincrease in the apparent activation energy viakegpreted as
the decrease in the inhibition efficiency with itherease in the temperature. This leads to thee&se in corrosion
rate due to the greater area of metal that is exptmsvards the corrosive environment [30].

) ®  Blank
2 * GP1
—~ 14
=
B
S o
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>
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Figure 3. Arrheniusplotsof Ln v vs. 1000/T for steel in 1.0 M HCI in the absence and the presence of GP1 at optimum concentration.

A plot of Ln (/T) versus 1/T is shown in Figure 4. Straight linegere obtained with slope
(-AHJR) and intercept of [Ln(R/Nh) +AS/R)], from whichAH, andAS, were calculated and listed in Table 3. It is
clear from the Table 3 that the entropy of actimatincreased in the presence of inhibitor in corsparto the
uninhibited sample. The increase in the activatotropy in presence of inhibitor indicates the @ase in the
disorderliness on going from reactant to activatedhplex. It is evident from the table that the ealof AH,
increased in the presence of inhibitor than inuhiehibited solution indicating the higher inhilii efficiency. This
may be attributed to the presence of an energyebdar the reaction, hence, the process of adsormtf inhibitor

leads to rise in enthalpy of the corrosion process.
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Figure 4. Arrheniusplots of Ln(v/T) vs. 1T for steel in 1.0 M HCI in the absence and the presence of GP1 at optimum concentration.

Table 3 Activation parametersfor the steel dissolution in 1.0 M HCI in the absence and the presence of GP1 at 1.0 mM.

Inhibitor 4 Linear regression coefficient (r
(g e ) g CE, AH, AS
(kd/mol)  (kJ/mol)  (I/mol K)
Blank 6.6808x1% 0.99976 51.67 48.97 -85.00
GP1 5.1300x15  0.99991 85.01 82.31 8.53
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Adsorption isotherm and thermodynamic parameters

The organic inhibitors are compounds having attleas active center of the chemisorptions (heteutiipte bonds

or aromatic rings having-electrons). In the case of aromatic compoundsgteetron density will be affected by
the introduction of substituent’s, which increaseslecreases the corrosion-inhibiting effectiven@$® inhibition

of corrosion of metals by organic compounds is axd by their adsorption. The latter is describgdwo main
types of adsorption, namely physical adsorption @memical adsorption. It depends on the chargaefetal, the
nature of the chemical structure of the organiapob and the type of electrolyte. The presencetadrasition metal,
having orbital "d" vacant, and a molecule havingitees that facilitates electron rich adsorption ,821.
Accordingly, the fraction of surface covered witthibitor species6& nw. % /100) can follow as a function of
inhibitor concentration and solution temperaturbe Burface coverag®)(data are very useful on discussing the
adsorption characteristics. When the fraction ofame covered is determined as a function of thecentration at
constant temperature, adsorption isotherm coulce\vmuated at equilibrium condition. The dependeoté¢he
fraction of the surface coverddon the concentration{ of the inhibitor was tested graphically by fittirtgto
Langmuir’'s isotherm, which assumes that the saliflage contains a fixed number of adsorption sites each site
holds one adsorbed species. Fig. 5 shows the Ipletw for G,/ 6 versus G, suggesting that the adsorption obeys
the Langmuir’s isotherm:

C 1
% =—° Cinh 8

ads

where G,y is the inhibitor concentration, and,{the adsorptive equilibrium constant, representhrgy degree of
adsorption (i.e., the higher value of/indicates that the inhibitor is strongly adsorloedthe metal surface); the
value of Kys obtained from the reciprocal of intercept of Langnplot lines and the slope of these lines is near
unity, meaning that each inhibitor molecule occepiee active site on the metal surface. The cdivalaoefficient
(R?) was used to choose the isotherm that best figraxental data (Table 4).

0.0012-
0.0009+
© 0.0006-
£
O
0.0003
0.0000-
T T T T T T T T
0.0000 0.0003 0.0006 0.0009
-1
C,, (molL™)

Figure 5. Langmuir adsor ption of GP1 on the steel surfacein 1.0 M HCI solution

From the intercepts of the straight lines on thg/@axis (Figure 3), Kqscan be calculated which is related to free
energy of adsorptiorAG° as given by

ads

AG,, =-RTLH55.5K) ©

where R is gas constant and T is absolute temperatii experiment and the constant value of 55.5hés
concentration of water in solution in mof'L

Table 4. Thermodynamic parametersfor the adsor ption of GP1in 1.0 M HCl on the mild steel at 308K.

Inhibitor ~ Slope  Kgs R? °
(e AG'ads
(kJ/mol)
GP1 1.19 81742.76 0.99984 -39.27
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Generally, the energy values of -20 kJ twlless negative are associated with an electiostaraction between
charged molecules and charged metal surface, mingsiisn; those of -40 kJ midlor more negative involve charge
sharing or transfer from the inhibitor molecules ttee metal surface to form a coordinate covalemdbo
chemisorption [33,34]. The value of the standaek fenergy of adsorptiofAG°,gs listed in Table 4, since it is
between the values of -40 kJ miaind -20 kJ ma!, allows us to suggest that the adsorption of nhibitors has
two types of interactions: chemisorption and phygison [14,35].

Electrochemical impedance spectroscopy

Nyquist representation of the EIS study of mildesten 1.0 M HCI in absence and presence of differen
concentration of GP1 were presented in figure 6e Tdrge capacitive loop attributed to the adsorptid the
inhibitor molecule [36]. The simple equivalent Randircuit for studies is shown in Fig. 6, whergrBpresents the
solution and corrosion product film; the parallenination of resister, Rand capacitor & represents the
corroding interface. The existence of single seintie showed the single charge transfer procesprd3sion from
the perfect semi circle is due to the inhomogenewisre of the metal surface arising from the srfeughness or
the interfacial phenomenon [37]. The increase invRlues due to the addition of inhibitor in compan to the
absence of inhibitor is attributed to the formatioh protective film on the metal/solution interfac€hese
observations suggest that GP1 molecules functicadsgrption at metal surface thereby causing tbeedee in ¢
values and increase ingRralues [36-38]. The charge transfer resistancg @vd the interfacial double layer
capacitance (&) derived from these curves are given in Tablenhibition efficiency was calculated by the using
the charge transfer resistance values. The capafdibe double layer &£is determined at the frequency at which the
imaginary part of the impedance is maximal.{zf from the following equation:

1
f(-Z = 10
(-Za) o) (10)
180 m  Blank
o 10°M
150 10'M
v 10°M
10°M
120-
-
g
o 901
N’
£
N o o
! 60‘ le) o
~ (@]
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© o
30 oov .V .V v v o
1au™™ "a o
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Figure 6. Nyquist diagrams mild steel in 1.0 M HCI without and with different concentrations of GP1.
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Figure 7. The eectrochemical equivalent circuit used to fit theimpedance measur ements.
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Table 4 | mpedance parameter s of mild steel in 1.0 M HCI containing different concentrations of GP1 compound at 305 K.

Conc Ry fmax Ca Nz
(M) (Qcn) (Hz) (uFlent) (%)
Blank 1.0 33.23 50.0095.8 ---
10° 17441 17.8651.1 80.9
10 110.10 22.3264.8 69.8
GP1 10° 75.08 28.09 75.5 55.7
10° 56.19 28.09 100.9 40.9

Inhibior

It is necessary to plot the curves of variationtleé logarithm of the imaginary impedance j{)Zversus the
logarithm of frequency for this inhibitor at 81, to remove the phenomenon of diffusion is a restilany event
Warburg [39]. From Fig.8, we note that the capeeitoops are all related to the charge transfen isrconfirmed
by the value of the slope of each loop is approiétyeequal to unity.

. Mild steel/GP1/1.0 M HQ
1.54 . Slope = 0.9991
1.0
N
< 0.5
[@)]
S
|
0.0
-O'E T T T T T T T T T
2.0 25 3.0 35 4.0
Log ()

Figure 8. Change L og(-Zim) ver sus the logarithm of the frequency for the interface mild steel /10°M/ 1.0 M HCI.

Polarization curves

The potentiodynamic polarization measurements warged out to study the kinetics of the cathodid anodic
reactions. Figure 9 shows the results of the efféplyridazine derivative inhibitor on the cathodis well as anodic
polarization curves of mild steel in 1.0 M HCI resfively. It is evident from the figure that botbactions were
suppressed with the addition of this inhibitor. Shuggests that pyridazine derivative reduced ibéia dissolution
reactions as well as retarded the hydrogen evolutiactions on the cathodic sites. Electrochentcatosion
kinetic parameters namely corrosion potential, & corrosion current density.¢) anodic and cathodic Tafel
slopes §, andp.) obtained from the extrapolation of the polariaatcurves are listed in Table 5.

It is seen that the addition of our inhibitor atfedhe polarization curves and consequently deescds,
significantly, due to increase in the blocked fiattof electrode surface by adsorption. Cathodivesi gave rise to
parallel Tafel lines indicating that the hydrogemletion is activation controlled and the reductimechanism is
not affected by the presence of inhibitor. In aeothand, we note that the addition of product ditl change the
corrosion potential values {fg) for all concentration. These results demonstrdted the hydrogen evolution
reaction was inhibited and that the inhibition @#ncy increased with inhibitor concentration.
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Figure9. Polarization curves of mild steel in 1.0 M HCI containing different concentrations of GPL.

Table 5. Polarization data of mild steel in 1.0 M HCI without and with addition of inhibitor at 308 K.

Inhibitor c(&r)]c iicf/r;sca e (MV/ded) leor (uAlcmy) (7

Blank 10 4552 1273 8157 -
10° 4915 1216 1575 80.7

g 100 4775 1386 252.3 69.1
10° 4709 1306 368.0 54.9
10° 4637 1135 486.6 40.3

It is evident from Table 5 that the corrosion catrdensity (l,,) decreased by the increase in the adsorptioneof th
inhibitor with increasing inhibitor concentratioMccording to Ferreira et.al [40] and Li et. al. J41f the
displacement in corrosion potential is more thamB85with respect to the corrosion potential of thiank solution,
the inhibitor can be consider as a cathodic or entyge. In present study, maximum displacement 3&GmV with
respect to the corrosion potential of the uninkibisample which indicates that the studied inhilig@ mixed type

of inhibitor.

Mechanism of Inhibition
Corrosion inhibition of mild steel in 1.0 M HCI B$P1 can be explained on the basis of molecularrptiso of

inhibitor on to the metal surface. It is generalbnsidered that the first step in the corrosionhition of a metal is
the adsorption of the inhibitor molecules at métsblution interface [42]. Organic compounds arsasided on the
metal surface by (a) electrostatic interaction leetwthe charged molecules and charged metal; téhation ofr-

electrons with the metal; (c) interaction of ungthpair of electrons in the molecule with the meaad (d) the

combination of the all the effects [43,44].
CONCLUSION

All the measurements showed that the GP1 has extélihibition properties against the mild steetrasion in
hydrochloric acid solution. Inhibition efficiency this inhibitor decreases with increase in tempeeand further
it leads to an increase in activation energy. Titnghitor follows the Langmuir adsorption isothenmthe process of
adsorption. EIS measurements also indicates thatirthibitor performance increase due to the adsmrpof
molecule on the metal surface. Potentiodynamicrimaiion measurements showed that the inhibitas astmixed
type of inhibitor. The inhibitor showed maximum ibiion efficiency at 1.0 mM concentration of theudied
inhibitor. The inhibition efficiencies determineg EIS, potentiodynamic polarization and weight lstigdies are in

good agreement.
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