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ABSTRACT

Corrosion inhibition effect of 4-(2-chlorobenzybh§drazino-3-methyl-1,6-dihydropyridazine (P2) oopper
corrosion was studied in 2.0 M HN®olutions in the temperature range from 303K t8K4ising gravimetric and
electrochemical impedance spectroscopy (EIS) teckeni The results obtained from the both measurement
techniques revealed good inhibitor efficiency ia #tudied concentration range. The inhibition éficy decrease
with rise in temperature. Impedance measurementsvett that the double-layer capacitance decreased an
charge-transfer resistance increased with increiastihne inhibitor concentration and hence increasingnhibition
efficiency. The results obtained from the diffener@thods are in good agreement. Various paramgigsaG,qs

Kag9 for adsorption reveal a strong interaction betwe@hibitor and copper surface. Adsorption followtte

Langmuir isotherm with negative values &G, , suggesting a stable and a spontaneous inhibifiooress.
Kinetic parameters activation such ag BEH,, 4S, and pre-exponential factor have been calculated discussed.
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INTRODUCTION

The chemical industry employs copper and its alextensively for condensers, evaporators, fractingaolumns,
etc. Copper does not displace hydrogen from acidgtisas and it is therefore unattacked in non-csiitj acid
environments. Nevertheless, most acidic solutia#tain dissolved air that enables some corrosigiake place.
Acid solutions are commonly used for removal of esichble scale and rust in the metal working, dreamf
boilers, heat exchangers, etc. [1-4]. In recentrgjethe use of organic inhibitors in acidic medias hgained
popularity. It has been shown that organic compsuwahtaining heteroatoms with high electron densityh as
phosphor, nitrogen, sulphur, oxygen as well asahlmmtaining multiple bonds which are considereddsorption
centers, are effective as a corrosion inhibitoR§}-

It is accepted that the organic inhibitors act dgaption on the metal surface. The adsorptionrgémic inhibitors

on the metal surface can change the corrosiontiregiproperties of the metals. The adsorption gbidf these
molecules depends mainly on certain physicochenpecaperties of the inhibitor molecule such as fiowl

1474



L. Afrineet al J. Chem. Pharm. Res,, 2013, 5(12):1474-1481

groups, steric factor, aromaticity, electron dgnait the donor atoms andorbital character of donating electrons
and electronic structure of the molecule. Inhilstbehave as a protective barrier against the atthttie corrosive
environment and can provide protection for the ireatd so, they reduce corrosion rate of the metal.

This paper reported our attempt to use electrootedrimpedance spectroscopy (EIS) and weight logsviestigate
the nature of adsorption of pyridazine on the copeface. The chemical structure of the studiedi®®vative is
given in Fig 1.
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Figure 1. The chemical structure of the studied pyridazine derivative compound

EXPERIMENTAL SECTION

Materials and reagents

Copper strips containing 99.5 wt.% Cu, 0.001wt.%MN019 wt.% Al, 0.004 wt.% Mn, 0.116

wt.% Si and balance impurities were used for ebattemical and gravimetric studies. The copper sasnplere
mechanically polished using different grades of mnpaper, washed with double distilled water, ariddlat room
temperature. Appropriate concentration of aggressiolutions used (2.0 M HNDwas prepared using double
distilled water.

Weight loss measurements

Gravimetric experiments were carried out in a deulvhlled glass cell. The solution volume was 5C;ctine
temperature of 303 K was controlled thermostatjcalhe weight loss of copper in 2.0 M HN@ith and without
the addition of inhibitor was determined after intgien in acid for 1 h. The copper specimens wectargyular in
the form (2 cm x2 cm x 0.20 cm).

Electrochemical impedance spectr oscopy

The electrochemical measurements were carried g Volta lab (Tacussel- Radiometer PGZ 301) paistate
and controlled by Tacussel corrosion analysis sowmodel (Voltamaster 4) at under static conditibhe
corrosion cell used had three electrodes. The erfer electrode was a saturated calomel electro@G&)(SA
platinum electrode was used as auxiliary electafdgurface area of 1 émThe working electrode was copper. All
potentials given in this study were referred t ttiiference electrode. The working electrode wasdrsed in test
solution for 30 minutes to a establish steady stgten circuit potentialHocp). After measuring th&ocp, the
electrochemical measurements were performed. Adtedchemical tests have been performed in aesatiedions
at 303 K. The EIS experiments were conducted irfrdguency range with high limit of 100 kHz andfdient low
limit 0.1 Hz at open circuit potential, with 10 ipts per decade, at the rest potential, after 30 dfi acid
immersion, by applying 10 mV ac voltage peak-tokpédyquist plots were made from these experimerie. best
semicircle can be fit through the data points i Myquist plot using a non-linear least squarsditas to give the
intersections with thg-axis.

RESULTSAND DISCUSSION

Electrchemical | mpedance Spectroscopy (EIS)

Nyquist plots of Corrosion inhibition effect of 2-Chlorobenzyl)-6-hydrazino-3-methyl-1,6-dihydrojglazine (P2)
compound in 2.0 M HN@solutions in the absence and presence of varionsentrations of P2 is given in Fig 2.
The impedance spectra show that a single semicinatk the diameter of semicircle increases witheasing
inhibitor concentration. These diagrams exhibitt tiee impedance spectra consist of one capacitiop ht high
frequency, the high frequency capacitive loop widisbated to charge transfer of the corrosion pssci9]. The
depressed form of the higher frequency loop redlélee surface inhomogeneity of structural or irsteiel origin,
such as those found in adsorption processes [30]oMs parameters such as charge-transfer reses(Bqy; double
layer capacitance (§), fnax @and inhibition efficiency were obtained from imp@de measurements and are shown in
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Table 1. R values were calculated from the difference in id@ee at lower and higher frequencies as suggested
by Tsuru et al. [31]. & values were calculated from the frequency at whiehimaginary component of impedance
was maximumiZi, max) using the reaction:

1
c,=— 1
" "2t R, W

Where f,. is the frequency at which the imaginary comporénimpedance is maximum. The inhibition efficiency
of the inhibitor was calculated from the chargasfar resistance values using the following equdt32]:

,72% - Rt(inh) - Rt %100 2

t(inh)

Where R, and R:t represent the resistance of charge transfer inptlesence and absence of inhibitor,

respectively. R is the diameter of the loop. The 4R values of this investigated
P2 derivative increase with increasing inhibitoncentration.
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Figure 2. Nyquist diagramsfor copper in 2.0 M HNO;containing different concentrations of P2 at 303K

Indeed, the impedance behaviour of copper in EE@utions is somewhat similar to that of coppeHy$0O, and
HCI solutions [33]. The anodic dissolution of coppe the halide-containing solutions has been pdote be
diffusion limited [34]. The diffusion step was dtethe transport of CuXto the bulk solution [35]. However, the
corrosion reaction of copper in halide solution&g}, is composed of the oxidation of copper and theicgdn of
oxygen dissolved in the solutions [36], these tvaff heactions also expected to occur in aerated pHbiutions.
The increase in the size of the capacitive loof Wik addition of P2 molecules show that a bagiadually forms
on the copper surface. The barrier is probablytedi#o the formation of an inhibitor surface film the electrode
surface.

Table 1. Corrosion parameter s obtained by impedance measurementsfor copper in 2.0 M HNO;at various concentrations of P2

Conc Rt Frmax Ca n
(M) (Qcnf) (Hz) (uFienf) (%)
HNO; 2.0 0914 1582 1101 -----
10° 4621 02.23 156.0 80.0
10 378.2 05.00 0842 758
10° 1469 0892 1214 37.8
10° 1238 11.16 1152 26.2

Inhibitor

P2

Gravimetric measurements

Effect of concentration

In the gravimetric experiment, a previously weigtradtal (copper) coupon was completely immersedOimt.
without and with different concentrations of pyrzifze in an open beaker. The beaker was insertedchimater bath
maintained at 303 K. From the weight loss resuhlis, inhibition efficiency (%IE) of the inhibitor dndegree of
surface coveragd) were calculated using equations 3 and 4 [37];
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%IE = (1—ﬂjx 10C 3)
WZ
o0=1-M 4)
W,

Where W and W are the weight losses for copper in the presendeabsence of the inhibitor in HN&olution and
0 is the degree of surface coverage of the inhibitor

Values of corrosion rates and inhibition efficieexiare given table 2. Maximum inhibition efficienags reported
at 10° M concentration of pyridazine. It is evident frahe table Zhat the corrosion rate decreases and inhibition
efficiency increases with increase in P2 conceioinat

Table 2. Corrosion parametersfor copper in aqueous solution of 2M HNOj in the absence and presence of different concentrations of
inhibitor from weight loss measur ements at 303K

— Conc w IE
Inhibitor (M)  (mglenth) (%) ’
HNO, 2 178

1x10° 0.29 83.6 0.836
5x10" 0.28 83.4 0.834
P2 1x1df 0.51 712 0712
5x10° 0.86 51.5 0.515
1x10° 1.06 40.2 0.402
1x10° 1.38 226 0.226

Adsor ption isother m and ther modynamic activation parameters

In order to study the effect of temperature on itifgbition efficiencies of P2, weight loss measuesits were
carried out in the temperature range 303-343K seabe and presence of inhibitor at optimum conagatr. The
corresponding data are shown in Table 3.

Table 3. Various corrosion parametersfor copper in 2.0 M HNO; in absence and presence of optimum concentration of P2 at different
temperaturesat 1h

Temperature IE

- w
(K) Inhibitor (mglcnth) (%) 0
Blank 1.78
303 P2 0.29 83.60.836
Blank 7.33
313 P2 1.73 76.30.763
Blank 24.97
323 P2 6.06 75.70.757
Blank 70.82 - -
333 P2 26.14 63.10.631
Blank 186.61
343 P2 94.43 49.40.494

Inspection of table 3howed that corrosion rate increased with incrgasémperature both in uninhibited and
inhibited solutions while the inhibition efficiencgf P2 decreased with temperature. A decrease hibition
efficiencies with the increase temperature in presef P2 might be due to weakening of physicabgaton.

The adsorption isotherm study that describes tl®rative behavior of organic inhibitor is importantorder to

know the mechanism of corrosion inhibition. Basiformation dealing with interaction between inhilbimolecules

and the metal surface can be provided by adsorgatherms. The surface covera@g ¢f different concentrations
of inhibitor in acidic medium was calculated usthg equation (4).

The most frequently used adsorption isotherms argyinuir, Temkin, Frumkin and Freundluich. Sevesatherms

were tested. The Langmuir isotherm was found twigeothe best description of the adsorption belrawtots Ch
versus C yield a straight line (Fig. 3) with regiies coefficients, R almost equal to 1.
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Figure 3. Langmuir adsor ption isotherm for copper in 2.0 M HNOj; containing different concentrations of copper at 303 K

This suggests that pyridazine in present study eddfie Langmuir isotherm and there is negligibkeraction
between the adsorbed molecules. Free energy offtsowas calculated using the relation:

AG,, =-2.303RTlog(55.55,, (5)

The value 55.55 is the molar concentration of watesolution [38], Kg4sis the adsorption equilibrium constant and
its value is given by

o
Kt == 6)(
C(1-6)
Table 4. Thermodynamic parametersfor copper corrosionin 2.0 M HNOs in absence and presence of 10° M copper at different
temperatures

Tem . P2
(K) Free acid (10°M)

Egomo BHa A, (KJI/Er;ol) AH, A5, (}|\</Ia’dls) (lé?n:dcs)l)

(kJ/mol)  (J/mol K) (kJ/mol)  (J/mol K)

303 5097.56  -31.62
313 3219.41  -31.47
323 100.21 097.53 082.36 123.57 120.89 14426  .3315 -32.39
333 1710.03  -31.73
343 976.28 -31.08

The free energy of adsorption calculated from r@ta6 is given in Table 4. The negative valueA®,qsand the
high values of the adsorption constant suggestedttie adsorption of pyridazine in 2.0 M HNOn the copper
surface is a spontaneous process and the adsayerdd stable. Generally, for values/®,qs up to -20 kJ mat,
the type of adsorption is considered as physisamptihe adsorption process is due to electrostat@ractions
between the charged molecules and the charged [88}alThe calculatedG,¢svalues are -31.08 to -32.39 kJ ol
indicated that adsorption mechanism of the invastid pyridazine derivative is typical of physicdbsarption.

Activation parameters like activation energy)(Enthalpy AH ) and entropy (S, ) for the dissolution of copper

in 2.0 M HNQ; in the absence and presence of M pyridazine was calculated from the Arrheniusatipn (Eq.
(7)) and the transition state equation (Eg)) [40]:

Cy= Aexp( _RI%FJ Q)
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AS AH
C. = ﬂexp = lexp ——= (8)
Nh R RT
Where G is the corrosion rate, R the gas constant, T bselate temperature, A the pre-exponential fadidhe
Plank’s constant and N is Avogrado's numbgthE activation energy for corrosion procedSH , the enthalpy of

activation andAS, the entropy of activation. Fig. 4 showed the Anibe plot of Ln G versus 1/T which gave
straight lines with slopes equal to,/R. Again the Arrhenius plots of Ln ) versus 1/T gave straight lines (Fig.
5) with slopeAH, /R and intercept (Ln R/Nh 4S, /R) from which AH, and AS, values were calculated. The
activation parameters are given in Table 4.

= 2.0MHNQ
6 * P2

2, -1
Ln C/mgcm'h
? v +

2.8 ' 29 3.0 ' I3.1 ' 3.2 3.3' 3.4
1000/T (K*)

Figure 4. Arrheniusplots of log Cr vs. 1/T for copper in 2.0 M HNO; in the absence and the presence of pyridazine at optimum
concentration

= 2.0MHNQ,
0 * P2

21,1
Ln C/T/mg cm”h™ K
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2.8 2.9 3.0 3.1 3.2 3.3 3.4
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Figure5. Arrhenius plots of log Cr/T vs. UT for copper in 2.0 M HNOjs in the absence and the presence of pyridazine at optimum
concentration
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It was observed that the values of apparent aaivatnergy & and enthalpyAH_ are higher in presence of
inhibitor than in its absence. This indicated tit energy barrier for the corrosion reaction iasess in presence of
inhibitor. The value ofAS, is higher for inhibited solutions than that foedracid solutions. This suggested that an

increase in randomness occurs on going from re@mctanthe activated complex. This increase in ytrof
activation is attributed to the increase in sohemtropy [41].

CONCLUSION

The following conclusions can be drawn from thigdst

+ All measurements showed that the pyridazine hasliext inhibition properties for the corrosion afpper in

2.0 M HNG; solution. The weight loss measurements show ttaatrthibition efficiencydecreases with increasing
temperatur@nd reaches its highest value (83.6 %) &t MiCconcentration at 303K.

+ EIS measurements also indicate that the inhibitoreiases the charge transfer resistance and staivihia
inhibitive performance depends on adsorption ofntiedecules on the metal surface.

% The adsorption model obeys the Langmuir isotherrB0& K. The negative values AfG.4s indicate that the
adsorption of the inhibitor molecule is a spontarge@rocess and an adsorption mechanism is typital o
physisorption.

« The inhibition efficiencies determined by weight$cand EIS techniques are in reasonably good agréem
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