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ABSTRACT

The corrosion inhibition properties of 2-(3-metl§bxopyridazin-1(6H)-yl)accetohydrazide (GK1) foildnsteel
corrosion in HCI solution were analysed by electremical impedance spectroscopy (EIS), potentiodimam
polarization and gravimetric methods. The resulfstliese techniques indicated that the inhibitioficefncy
increased with the concentration of inhibitor. Paiedynamic polarization study clearly revealed ttipgridazine
derivative acted as mixed type inhibitor. EIS ploidicated that the addition of GK1 increases tharge-transfer
resistance (R), decreases the double-layer capacitancg)(6f the corrosion process. Adsorption of inhibitor
obeyed Langmuir adsorption isotherm model.
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INTRODUCTION

Acid solutions, especially hydrochloric and sulfuacids, are widely used in various industrial psses, such as
pickling of iron, chemical cleaning, descaling @ilbrs, and oil well acidification in petroleum dgpation. The use
of inhibitors is one of the most practical methémiscorrosion protection of metallic objects indicimedia, as well
as for reduction of acid consumption occurring dgrihe course of corrosion. The corrosion for ngetad alloys is
a problem of serious concern which considerablgasf both economy and safety. Steel is widely iséudustries
and machinery and many other fields [1]. The edficy of an organic compound as an inhibitor depemd#s
ability to get adsorbed on the metal surface byaesipg water molecule from metal surface [2]. Gealigrthe
compounds containing hetero atoms like O, N, S,Rade found to work as very effective corrosidmiliitors. The
efficiency of these compounds depends upon eledalensity present around the hetero atoms, the nuwbe
adsorption active centers in the molecule and thbarge density, molecular size, mode of adsorptand
formation of metallic complexes [3-29].

This article reported our attempt to use electrathal impedance spectroscopy (EIS), potentiodynamic

polarization and weight loss method to investighat nature of adsorption of 2-(3-methyl-6-oxopyrital (6H)-
yl)accetohydrazide (GK1) on the mild steel surfaldge structure of this compound is shown in Figure
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Figure 1. Structure of pyridazine derivative molecule

EXPERIMENTAL SECTION

Materials
The steel used in this study is a mild steel (M&hw& chemical composition (in wt%) of 0.21 % C3®% Si, 0.05
% Mn, 0.05 % S, 0.09 % P, 0.01 % Al and the remaimebn (Fe).

Solutions

The aggressive solutions of 1.0 M HCI were prepdmedilution of analytical grade 37% HCI with dikd water.
The organic compound tested is 2-(3-methyl-6-oxmazin-1(6H)-yl)accetohydrazide (GK1). The concatitm
range of this compound was i1 10° M.

Weight loss measurements

The mild steel (MS) sheets of 1 x 1 x 0.05were abraded with a series of emery papers SiC, @D and 1200)
and then washed with distilled water and acetoriter Aveighing accurately, the specimens were imeteis an 80
mL beaker containing 50 mL

1.0 M HCI solution with and without addition of téfent concentrations of GPO. All the aggressivd aolutions
were open to air. After 6 h the specimens werertakg, washed, dried, and weighed accurately. treoto get
good reproducibility experiments were carried autriplicate. The average weight loss of three lerMS sheets
was obtained. The tests were repeated at 308 K.cohesion ratev) and the inhibition efficiencyn(y ) were
calculated by the following equations [30]:

V= \g—vtxloo )
n,. (%) = Yo"V 100 2)

0

where W is the three-experiment average weightdbsise mild steel, S is the total surface arethefspecimen, t is
the immersion time and, andv are values of the corrosion rate without and vathdition of the inhibitor,
respectively.

Polarization measurements

Electrochemical impedance spectr oscopy

The electrochemical measurements were carried $iag \/olta lab (Tacussel- Radiometer PGZ 100) paistate
and controlled by Tacussel corrosion analysis softwmodel (Voltamaster 4) at under static conditibhe
corrosion cell used had three electrodes. The enfer electrode was a saturated calomel electro@&)(SA
platinum electrode was used as auxiliary electmidgurface area of 1 émThe working electrode was mild 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 aesatiedions
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at 308 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 points pecade, at the rest potential, after 30 min @ aomersion, by
applying 10 mV ac voltage peak-to-peak. Nyquistploere made from these experiments. The best Belaican

be fit through the data points in the Nyquist pistng a non-linear least square fit so as to dineintersections
with thex-axis.

The inhibition efficiency of the inhibitor was calated from the charge transfer resistance valissguthe
following equation [31]:

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

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

Potentiodynamic polarization

The electrochemical behaviour of mild steel saniplanhibited and uninhibited solution was studigdrbcording
anodic and cathodic potentiodynamic polarizatiorves. Measurements were performed in the 1.0 M $d(ltion
containing different concentrations of the testelihitor by changing the electrode potential auttcadly from -
800 to 200 mV versus corrosion potential at a seae of 1 mV &. The linear Tafel segments of anodic and
cathodic curves were extrapolated to corrosion rii@leto obtain corrosion current densitidg,f). From the
polarization curves obtained, the corrosion cur(gpt) was calculated by curve fitting using the equatio

| =1 {exp( 2'3&Ej - ex{&j} 4)
o :Ba IBC

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

”Tafel% = I corr o_ I corr X 100 (5)

corr

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

* " corr corr

RESULTSAND DISCUSSION

Potentiodynamic polarization measur ements

Potentiodynamic polarization curves of mild steelli0 M HCI in the absence and presence of t010° M
concentrations of GK1 is given in Figure 2. Thegmibdynamic polarization parameters i.e. Corrogotential
(Ecorr), cathodic Tafel slopegd), corrosion current density.{,) and percentage inhibition efficiencyrs %) were
also calculated and given in Table 1. It can be $een table that.,, value decreases from 6058 cni’ to 217.3
A cm? on increasing concentration from 3@ 10° M this depicted that the rate of electrochemiealction was
reduced due to the formation of a barrier layer alre mild steel surface by the pyridazine derixatnolecule.

From Table 1, it is also clear that the valuesaihadic Tafel slope constant are slightly changetthé presence of
GK1. This suggest that GK1 was first adsorbed dheéomild steel surface and impeded by merely blugkhe
reaction sites of the metal surface without affegtihe cathodic reaction [32]. Maximum reduction gf for each
inhibitor is obtained at I M. From table, it is also observed tHag,, values did not change significantly in
presence of GK1 suggesting that it is a mixed tgpéitor [33].
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Figure 2. Potentiodynamic polarization curvesfor the corrosion of mild steel in 1.0 M HCI solution without and with various
concentrations of GK1 at 308 K

Table 1. Effect of concentration of GK 1 on the electrochemical parameter s calculated using potentiodynamic polarization technique for
the corrosion of mild steel in 1.0 M HCI at 308 K

. Conc  -Ecor 'ﬁc lcorr Nrafel
Inhibitor ™ (mv/SCE) (mVidec) (wAlcn?) (%)
Blank 1.0 _ 4552 1273 8157 -

107 4674 1144 2173 734
10° 4628 1122 3248 602
GKL  10° 4447 1171 5236 358
10° 4637 1135 6053 258

Electrochemical | mpedance Spectr oscopy

The corrosion behaviour of mild steel in 1.0 M H@labsence and presence of different concentrabbrisK1
were investigated by EIS after immersion for 30 mirB08 + 1K. Nyquist plot of mild steel in uninhibited and
inhibited acid solutions containing various concatibns of GK1 is presented in Figure. 3. From ffigit is clear
that diameter Nyquist plot increases with conceiaina The increasing diameter of Nyquist plot i® M HCI in
presence of GK1 indicated the corrosion inhibitadfrmild steel. For corrosion reactions which amécy charge
transfer controlled, impedance behavior can beaget with the help of a simple and commonly usgdgivalent
circuit [Figure 4] composed of a double layer céajaace, charge transfer resistar(€®) and solution resistance
(Ry). The resistoRsis in series to the double layer capacitanceRgdvhile double layer capacitance is parallel to
R... The double layer capacitance is in parallel lith impedance due to the charge transfer reaclios. type of
circuit is used to model the iron/acid interfacé][3rheEISparameters for GK1 such Rg R andCy were derived
from the Nyquist plot are given in Table 2. It ispicted from Table 2, that the impedance of thébitdd system
amplified with increase and tti&, values decreased with increase in GK1 concentration

The double layer capacitandgy was calculated by using following equation [35]:

Cy =Y, (@) (6)

max

where,Y, is CPE coefficient,n is CPE exponent (phase shift}y is the angular frequency. Thg,.« represents the
frequency at which the imaginary component reathesnaximum. This decrease@y, results from a decrease in
local dielectric constant and/or an increase inttiekness of the double layer, suggested thatlpgime derivative
molecules inhibit the mild steel corrosion by agdion at the metal/acid interface [36]. As statexdlier the
diameter of Nyquist plot increases with increasingcentration of GK1. The decrease of diameteryguist plot
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is a feature for solid electrodes and often retete as frequency dispersion and attributed tortheyhness and
other in homogeneities of the solid electrode [37].
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Figure 3. Nyquist diagramsfor mild steel in 1.0 M HCI containing different concentrations of GK 1 at 308K
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Figure 4. The electrochemical equivalent circuit used to fit the impedance measur ements

Table 2. Corrosion parameter s obtained by impedance measurementsfor mild steel in 1.0 M HCl at various concentrations of GK1

Inhibitor Conc  Rs Ret fmax Cal Nz
M) (Qcnf) (Qenf) (Hz) (uFlend) (%)
Blank 1.0 1.68 33.23 50.00 95.8  -----
10° 1.15 130.19 20.00 61.2 74.5
GK1 10  1.24 79.71 31.65 63.1 583
10° 1.31 52.63 31.65 95.6 36.9
10°  1.45 44.22 3165 113.8 24.8

Weight loss measurements

Weight loss measurements were carried out usirfgrdift concentrations of inhibitor. The weight logsibition
efficiency and corrosion rate are reported in tlabl&3. It is observed that the inhibition efficigrincreases with
increase in concentration of inhibitor up to™1M and further increase in concentration does mmwsany

appreciable rise in inhibition efficiency. The ibhor showed a maximum efficiency of 74.2% in HQl an
optimum concentration of TOM.
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Table 3. Corrosion parameters for mild steel in aqueous solution of 1.0 M HCI in the absence and presence of different concentrations of
GK1 from weight loss measur ements at 308K

Conc v nwi

(M) (mglcnfh) (%)

Blank 1.0 1.142

1x10° 0.294 742 0.742

5x10* 0.300 73.7 0.737

GK1 1x10° 0.449 60.6 0.606
5x10° 0.531 534 0.534
1x10° 0.740 351 0.351
1x10° 0.840 26.3 0.263

Inhibitor

The evolution of both the corrosion rates and titehition efficiencies evaluated from weight losgasurements
for different GK1 concentrations in 1.0 M HCI itustrated in Fig 5. The addition of GK1 diminishibé corrosion
rate and hence inhibited mild steel corrosion itd aolution. The decrease in CR with increasingikitbr
concentration suggests that the inhibiting actias woncentration dependent. The inhibition efficieMw. (%))
attained its maximum (74.2%) at 3.
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Figure5. Variation of the corrosion rate and inhibitive efficiency against the GK 1concentrations

Adsor ption consider ations

The type of the adsorption isotherm can provideitedl information about the properties of the téels
compounds, and the adsorption depends on the cordpbwehemical composition, the temperature and the
electrochemical potential at the metal/solutioneiifgice. In fact, the water molecules could alsoodrion
metal/solution interface. Thus, the so-called goison can be regarded as a quasi-substitution psooetween the
pyridazine derivative in the aqueous phase [@fland water molecules at the electrode surfac®f:

Gld‘(sol) + nHl Qads D GK]‘( ad} + n|_£ Qst)l

Where GK1(sol) and GK1(ads) are the pyridazinevéé¢irie dissolved in the agueous solution and agsbdnto
the metallic surface, respectively.

According to Langmuir adsorption isotherfh,s related to equilibrium adsorption constantgKand C by the
equation:

C_1.c (7)
g K

ads
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Fig. 6 shows the straight lines 616 vs. C at 308 K. The parameters obtained fra¥d vs. C plots were listed in
Table 4. These results show that the linear cdiogl@oefficients R) is almost equal to 1 and the slope is close to

1, which confirmed that the adsorption of the parithe derivative on mild steel surface good obeyaadgmuir
adsorption isotherm.

The free energy of inhibitor adsorptith;dson mild steel surface can be evaluated using thewimg equation:

K. = ! exp ~AG,,, (8)
“ 555 RT

where the value 55.5 is the concentration of wateolution in M, R is the universal gas constam d is absolute
temperature.
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Figure 6. Langmuir adsor ption isotherm for mild steel in 1.0 M HCI containing different concentrations of GK 1 at 308 K

The negative value oAG;dsand the higher value of J& reveal the spontaneity of adsorption process hey are

characteristic of strong interaction and stabibfythe adsorbed layer with the mild steel surfdoegeneral, the
standard free energy values of -20 kJ ol less negative are associated with an electiostéeraction between
charged molecules and charged metal surface, irggirt physisorption and those of -40 kJ thor more negative
involve charge sharing or transfer from the intibinolecules to the metal surface to form a coatéircovalent

bond, resulting in chemisorption [38]. The value AG;dsin case of GK1 is found to be around -38 kJ ol
showing that GK1 is adsorbed by mixed mode of gzismr which involes both physical and chemical agson
[39].

Table 4. Some parameter sfrom Langmuir model for mild steel in 1.0 M HCI at 308K

Inhibitor ~ Slope  Kags(M™?) r AG, . (kiimol)
GKL 122 54796.62 0.99981 38.22
CONCLUSION

The inhibition effect of the pyridazine compound miid steel in hydrochloric acid was examined byighe loss
methods, potentiodynamic polarization and electrotial impedance spectroscopy techniques. Thetsestl
inhibition efficiency determined by so-called me@suents are in good agreement. GK1 acts as a gmoosmn
inhibitor in 1.0 M HCI solutions. Inhibition effiency value increases with the increasing of theabitdr

concentration. Polarization curves indicated thatéxtract acts as mixed type inhibitor in 1.0 MId@lutions. EIS
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measurement results indicated that the resistahtieeomild steel electrode increased greatly aaccépacitance
decreases by increasing the inhibitor concentrafitwe inhibition is accomplished by adsorptiontw tGK1 on the
mild steel surface, and the adsorption is spontasmaad obeys the Langmuir isotherm.
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