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ABSTRACT

Tenormin was investigated as corrosion inhibitor for 304 stainless steel (SS) in hydrochloric acid solutions
by potentiodynamic polarization, electrochemical impedance spectroscopy (EIS) and electrochemical frequency
modulation (EFM) techniques. The results showed the variation in inhibition performance of the inhibitors with
varying concentrations and temperatures. The maximum efficiency was found to be 92.23 % at 300 ppm
concentration of Tenormin drug for the immersion period of 3 hours. Langmuir was tested to describe the
adsorption behavior of Tenormin on 304 SS surface. Potentiodynamic polarization study clearly revealed that
Tenormin acts as mixed type inhibitor. The results of the electrochemical impedance study showed a decrease in
double layer capacitance and increase in charge transfer resistance. The results of various electrochemical
techniques show good agreements with each other.

Keywords: Corrosion inhibition, stainless steel, potentioaiyric polarization, EIS, EFM

INTRODUCTION

Corrosion problems in the oil and petrochemicatiustry usually have been solved by the seledaforsuitable
materials and/or by changing the environmentmake it less aggresstveAcid solutions are widely used in
the industry. The most important areas of applicatre acid pickling, industrial acid cleaning,dadescaling and
oil well acidizing. Corrosion inhibitors are needed to reduce theosiwn rates of metallic materials in this
acidmedid®. An inhibitor is usually added in small amouin order to slow down the rate of csiom
through the mechanism of adsorplith Over the years, several inhibitors have beerhggized or chosen
from existing compounds and it has been fodhdt the best inhibitors are those thatehaentre forn
electron donation (usually enhanced by the presefitetero atoms in aromatic compound) while othreey be
gotten from extracts of naturally occurring compasifi*® A large number of organic compounds are knowheto
applicable as corrosion inhibitors for mild stéél However, only a few non-toxic and eco-friendlyngmunds
have been investigated as corrosion inhibitorspfmynine, Succinic acid, L-ascorbic acid, Sulfamgé#zole and
Cefatrexyl, were found to be effective inhibitoes &cid environments. Dithiobiurets exhibited thestoperformance
towards the corrosion of mild steel in HCI solugoshowed very less toxiciy?: The inhibitive effect of four
antibacterial drugs, namely Ampicillin, CloxacillirFlucloxacillin and Amoxicillin towards the coriios of
aluminum was investigatetf. The inhibition action of these drugs was attrélito blocking the surfacea
formation of insoluble complexes on the metal stefa
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MATERIALS AND METHODS

2.1. Materials and solutions

Experiments were performed using 304SS samplesthatiiollowing composition (weight %): C 0.08%, Nr0%,
Si 0.075% , Ni 8 %, Cr 18% , S 0.03 %, S 0.03% laaldnce Fe. The aggressive solution used wapamé by
dilution of analytical reagent hydrochloric iGevith bidistilled water. The stock solutions kg of HCI 37%
was prepared by dilution with bidistilled water ait&l concentration was checked by standard soluifdiaCO;,

one gram ofTenormin was dissolved in one litre idfdtilled water to give 1000 ppm and the desiredaentration
was obtained by dilution with bidistilled wated concentration range of Tenormin was(50 - 300)ppm

2.3. Electrochemical measurements

Seven test pieces of 304 SS were cut into 2 x 2>cf. They were abraded with emery paper®éase paper
was used initiallyand then progressively finer gmevere employed), degreasedin acetone, ringhdbwdistilled
water and finally dried between two filter papersl aveighed. The test pieces were suspendbgdsuitable
glass hooks at the edge of the basid, amnder the surface of the test sotubip about 1 cm. Weight
loss measurements were performed for 3 hoursaethperature range from 30 —°45 by immersing 304 SS
pieces into 100 ml acid solution with and witheatious concentrations of Tenormin. After the $fiedt periods
of time, the specimen were taken out of thet teolution, rinsed with bidistilled water, driegls before and
weighed againaccurately. The average weight lbaartain time for each set of the seven sanvgésstaken. The
weight loss was recorded to nearest 0.0001 g.

2.4. Electrochemical measurements

Electrochemical experiments were performed usymiedl three-compartment glass cell consistedred 804 SS
specimen as working electrode(13msaturated calomel electrode (SCE) as a eeferelectrode and a platinum
foil (1 cnf) as a counter electrode. The reference electmaseconnected to a Luggin capillary and theofifihe
Luggin capillary is made very close to therface of the working electrode to minimi# drop. All the
measurements were done in solutions operattoosphere under unstirred conditions. All poé values
were reported versus SCE. Prior to every experimbatelectrode was abraded with successive diffeyeades of
emery paper, degreased with acetone and wasitled hidistilled water and finally dried.Tafebolarization
curves were obtained by changing the electrodenfiateautomatically from (-1.0 to 0.1 V vs. SCE)agen circuit
potential with a scan rate of 1mVsThe corrosion current is performed by extrapotabf anodic and cathodic
Tafel lines to a point which gives log,, and the corresponding corrosion potential,JEfor inhibitor free
acid and for each concentration of inhibitor.

Impedance measurements were carried out in frequamge from 100 kHz to 0.1Hz with amplitude of ¥ meak

to peak using Ac signals at open circuit potenfile experimental impedance was analyzed and netiexghased
on the equivalent circuit. The main parameters deddrom the analysis of Nyquist diagram are thergé transfer
resistanceR (diameter of high-frequency loop) and the doublget capacity .

Electrochemical frequency modulation, EFM, wasiedrput using two frequencies 2 and 5 Hz. The fraspiency
was 0.1 Hz, so the waveform repeats after 1 s.hidiger frequency must be at least two times theetosne. The
higher frequency must also be sufficientlywslthat the charging of the double layer dlowt contribute to
the current response. Often, 10 Hz is a reasoriabie The Intermodulation spectra contain curreesponses
assigned for harmonical and intermodulation curpm#ks. The larger peakswere used to calculatedhresion
current density {i,,), the Tafel slopesg3{andp,) and the causality factors CF-2& CF-3.

All electrochemical measurements were performesing Gamry Instrument (PCl 300/4)Potentipsta
Galvanostat/ZRA. This includes aGamry frameworkieaysbased on the ESA 400. Gamry applications udel
DC105 software for potentiodynamic polarizatioreasurements, EIS300software for electrochemical
impedance spectroscopy and EFM 140 software fectrelchemical frequency modulation measurementsgalo
with a computer for collecting data. Echem Analy$t3 software was used for plotting, graphing, fittichg data.

To test the reliability and reproducibility of theeasurements, duplicate experiments were perfoinmealch case at
the same conditions.
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Table -1 Chemical structure, name, molecular weighand molecular formula of Tenormin drug

Inhibitor Mol. Chemical
Structure Name weight | formula
OH
) A AN CH ) )
Tenormin 0 /{ ) Y (RS)-2-{4-[2--3-(propan-2-ylamino)propoxy]phenylleamide] 325.44 {gH3:NO,4
H,N-k.. 7 CHy

RESULTS AND DISCUSSION

3.1. Weight loss method

Figure-1 shows plots for the variation of weighgdawith time for the corrosion of SS in 2 MHCI cainfing various
concentrations of Tenormin at 30°C. From the fldt is evident that the weight loss of & also found
to decrease with increase in the concentratfofenormin. The weight loss of SS in the blasélution was
also found to be higher than those obtained $olutions of HCI containing various conceations of
Tenormin. This indicates thatTenormin isan inhibftar the corrosion of SS in solutions ofHCI. Thgal of Table-2
represent the values of corrosion rates of SS mmithition efficiency of Tenormin in HCI solution.HE degree of
surface coveragd) and inhibition efficiency (% IE) were calculatading Eq.(1):

% IE =0 X100 = [1-(CRw CRyed] X 100 1)

whereCR,, and CR.. are the corrosion rates in the presence and abs#riohibitor, respectively. It can be seen
that the maximum of 92.2 % inhibition efficnis achieved at 300 ppm of inhibitor camcation and %IE
increases with increasing the Tenormin concenm&tid his is mainly due to theco-ordination betweea thetal
and the hetero atom present in Tenormin.
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Figure-1Weight loss-time curves for the corrosionf304 SS in 2 M HCl in the absenceand presencedifferent concentrations of
Tenormin at 30°C
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Table-2 Corrosion Rate (CR) and inhibition effitency ( %IE) at different concentrations of inhbitor for the corrosion of 304 SS
after 120 min immersion in 2 M HC| at 30°C

Tenormin

Conc. CR x1G

ppm | mg cm? min’ oIE
50 2.30 49.0
100 1.80 77.1
150 1.20 84.2
200 0.97 87.5
250 0.80 90.4
300 0.60 92.2

3.2. Effect of temperature on inhibition efficiency

The inhibition efficiency (% IE) for 304SS cosion in the presence of various concentrationstlioe

investigated Tenormin and at different tempeeg was calculated and is listed in Tablhk8 results of
Table-3 shows the variation of corrosion rate (CdRd %IE with Tenorminconcentration at differezmnperatures.
The obtained data revealed that, the inhibitiorcigfificy decreased with an increase in Tenorminaunagon. This

suggests that Tenormin species are adsorbedh®n304 SS / solution interface where theodskd species
mechanically form a protected film on the tahesurface which inhibits the action of therrosion.A close
comparison between Tables 2 and 3 revealed thghtvgiss of SS increases with increasing tempezahglicating

that the rate of corrosion of SS increasath increase in temperature.The value ofikition efficiency

was decreased with rise in temperature suggesthat physical adsorption mechariémThese results
indicatethat the adsorption of investigated compeushield the metal surface at room temper&atukéowever it

may be deshielded from the surface with rise inpemature.lt is also clear that corrosion rate o438in the
absence and presence of Tenormin obeys Arrhetyp® equation as it increases with raisiaglution

temperature. The dependence of corrosion raig) (n the temperature can be expressed by Arrheqjuation 2:

icor =A exp (-E/ RT) (2)

where A is the pre-exponential factor angd E the apparent activation energy of the coomsirocess.
Arrhenius plot obtained for the corrosion 86 in 2 M hydrochloric acid solutions inettpresence of
different concentrations of Tenormin is shown igufe-2. E, values determined from the slopes of these linear
plots are shown in Table-4.The linear regresgiBf) is close to 1 which indicates that therasion of 304
SS in 2 M hydrochloric acid solutions can be iElated using the kinetic model. Table- 4showed thatvalues of

E. for inhibited solution is higher than that for ohibited solution, suggesting that dissolution 43S is slow in
the presence of Tenormin. It is known from Eq.that the higher £ values lead to the lower corrosion rate.
This is due to the formation of a film on the SSfate serving as an energy barrier for the stasnkteel
corrosior®. Enthalpy and entropy of activationH’, AS) of the corrosion process were calculateamfrthe
transition state theory as given from eq. 3(Table-

keor = (RT/ Nh) exp AS/R) exp (AH'/RT) (3)

where h is Planck’s constant and N is Avogadromsmer. A plot of log (k/T) vs. 1/ T for SS in 2 M HCI
withdifferent concentrations of Tenormin gives &iha lines as shown in Figure-3.ValuesAifi are positive. This
indicates that the corrosionprocess is an endotbesrre. The entropy of activatid® is large and negative. This
implies that the activated complex represess®eiation rather than dissociation step, indiggatitat a decrease in
disorder takes place, going from reactants to ttigated compleX.
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Table-3 Variation of inhibitionefficiencies (%IE) and corrosion rate (CR) for various concentrations &he studied Tenorminatdifferent

temperatures
Temp. Conc. CR X0 Tenormin
°C ppm mg cn’min™ %IE
50 3.5 66.6
100 2.7 74.2
35 150 1.8 82.8
200 15 85.7
250 1.4 87.0
300 1.1 89.5
50 5.5 63.3
100 4.5 70.0
150 35 76.6
40 200 2.9 80.6
250 25 83.3
300 1.8 88.0
50 7.9 62.2
100 6.3 70.0
150 4.5 78.7
45 200 3.8 81.9
250 3.1 85.2
300 2.8 86.9
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Figure-2Arrhenius plots for 304 SS corrosion rategkco.) after 120 minute of immersion in 2 M HCI in the @sence and presence of
various concentrations of Tenormin
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Figure-3Transition-state for 304 SS corrosion rategk.o/T) in 2 M HCI in the absence and presence of varits concentrations of
Tenormin

Table-4 Activation parameters for 304 SS surfaceorrosion in the absence and presence of w@us concentrations of Tenormin in

2 M HCI
N Conc kActivation *parametersk
Inhibitor m. Ea AH -AS
pp kJ mol* | kJ mol* | J mol*K*?
Blank 0.0 53.5 22.4 58.1
50 65.6 28.0 27.2
100 67.6 28.8 23.3
Tenormin 150 69.8 30.6 19.5
200 74.3 315 15.7
250 77.6 32.9 9.9
300 78.3 34.0 5.9

3.3. Adsorption isotherms

Adsorption isotherm values are important to expld®e mechanism of corrosion inhibition of organo-
electrochemical reactions. The most frequently usetherms are Langmuir isotherm (Figure-4).Therymagnic
parameters for the adsorption of different inhitston 304SS surface in 2 M HCI at different tempess was
listed in Table -5

Table -5 Thermodynamic adsorption parameters for tle adsorption of Tenormin on stainless steel in 2 MClat different temperatures

Inhibitor Temp. KadsxlO" -AGcads -AHnads X:I.O5 -AS°ads
°C M kJ mot* kJ mol* J mol*K™*!

30 270 24.2 80.0

. 35 237 24.3 78.9

Tenormin 20 510 244 12.9 779

45 175 24.3 76.3

From Table-5 it was found that:The negativalues of AG°s reflect that the adsorption of studied
Tenormin on 304 SS in 2 M HClsolution is sf@meous proce$sAG°,qs values increase (become less
negative) with an increase of temperature whichdicetes the occurrence of exothermic process athwh
adsorption was unfavorable with increasing reactemperature as the result of the inhibitor desonptrom the
stainless steel surface It is usually accepted that the value AB°,4 around -20 kJ mdbr lower indicates
the electrostatic interaction between charged Inmteface and charged organic molecules in the lofilkthe
solutiori®. The negative sign ofH°,4 reveals that the adsorption of inhibitor molecuesin exothermic process.
Generally, an exothermic adsorption process siggeither physisorption or chemisorption whédadothermic
process is attributed to chemisorptidié Generally, enthalpy values up to 41.9 kJ facé related to the
electrostatic interactions between charged molscaled charged metal (physisorption) while thaseund 100
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kdmol*or higher are attributed to chemisorption.He tase of investigated compounds, the absolutesalf

enthalpy are relatively low, approaching those dgpiof physisorption. The values af5°%¢s in the presence of
investigated compounds are large and negativeishatcompanied with exothermic adsorption protes§he

experimental data give good curves fitting the applied adsorption isotherm as the etation coefficients
(R% were in the range 0.938-0.999.¢alue decreases with the increase of temperatome 30 to 45 °C.

6 30°C " R?=0.986
5 -
4 -
o 3 s R’=0.952
[==]
[=-]
2 -
j R%=0.999
| :/;/' Rz:oggl
0
T T T T T T T T T T T
50 100 150 200 250 300
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Figure-4Langmuir isotherm of Tenormin on 304 SS suace in 2 M HCI at different temperatures
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Figure-5(log kagg) vs (1/T) for the corrosionof 304 SS in 2 M HCI ithe presence Tenormin

3.4. Potentiodynamic Polarization Measurements

Polarization measurements were carried out in aimeain knowledge concerning the kinetics of ththodic and
anodic reactions. Figure-5 presents the resulthefeffect of Tenormin on the cathodic and anoditafization
curves of 304 SS in 2 M HCI. Similar curves for etlcompounds were obtained but not shown. It cdaed
observed that both the cathodic and anodic reacivmre suppressed with the addition of investigatadpounds,
which suggested that these compounds reduced amtigBolution and also retarded the hydrogen ewaiuti
reaction. Electrochemical corrosion kinetics paremss i.e. corrosion potential {5, cathodic and anodic Tafel
slopes f§., Bo) and corrosion current density, obtained from the extrapolation of the gdation curves,
were given in Table-6. The parallel cathodic Taiarves in Figure-5 suggested that the hydrogesiugen is
activation-controlled and the reduction mechanigsn not affected by the presence of théibitor. The
region between linear part of cathodic anddin branch of polarization curves becomeglewias the
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inhibitor is added to the acid solution. Samresults were found in the literattfte The values of. and p.
changedslightly with increasing inhibitor contation indicated the influence of these comms on the
kinetics of metal dissolution and of hydrogevolution. Due to the presence of some activessgach as
aromatic rings, hetero-atoms in the studied comgdon making adsorption, theymay act as adsorptibibitors.
Being absorbed on the metal surface, these poonds controlled the anodic and cathodic reactiming
corrosion process, and then their corrosion inioibitefficiencies are directly proportional to thamount of
adsorbed inhibitor. The functional groups antlucture of the inhibitor play important roleduring the
adsorption process. On the other hand, an efedtemsfer takes place during adsorption of thetratwrganic
compounds at metal surfaceAs it can be seen from Table-6, the studied ibhibreduced both anodic and
cathodic currents with a slight shift in corrosipntential (47 mV). According to Ferreira and otA&rsf the
displacement in corrosion potential is more tham85with respect to corrosion potential of the blatution, the
inhibitor can be seen as a cathodic or anodic tlypthe present study, the displacement was 47 hi¢mwindicated
that the studied inhibitor is mixed-type inhibitoFhe resultsobtained from Tafel polarization showgmbd
agreement with the results obtained from weighs$ lo&thod. The surface covera@@ 4nd % IE were calculated
using Eq.4:

%IE =6 x 100 = [1-(iori°com)] X 100 (4)
Where i, and i are the current densities in presence and absémakibitor,respectively.

0.1

0.01

log icorr - Acm

1E-7 o . . . . . . . . . .
-1.0 -0.8 -0.6 -0.4 -0.2 0.0

E, mV (vs. SCE)

Figure — 6Potentiodynamic polarization curves fo the dissolution of 304SSin 2 M HCl in theabsence and presence of different
concentrations of Tenormin at 36C

Table-6Effect of concentrations of various copounds on the free corrosion potential (&) , corrosion current density (ior),
Tafel slopes B, Ba), corrosion rate (k.orr), degree of surface coveragd), and inhibition efficiency (%IE) 0f304 SS in 2 Mof HCI at 30°C

|nh' -ECOI'I' iCOI'I' C a kCOTT
Inh [ppni mVvs SCE| mA cm? mvﬁdec1 mvﬁdec1 mmy* 0 %IE
blank 0.0 372 598 135 64 27.33| - -
50 393 285 89 46 13.01| 0.523| 52.3
100 399 260 85 60 11.95| 0.562| 56.2
Tenormin 150 375 232 100 51 10.62| 0.612| 61.2
200 395 190 85 51 8.67 0.682 68.2
250 391 174 92 65 7.94 0.70970.9
300 375 149 110 39 6.79 0.7%175.1

3.5. Electrochemical |mpedance Spectroscopy Measurements

Nyquist plots of 304 SS in uninhibited and inhibitgcid solutions containing different concentrasiafi Tenormin
are presented inFigure-7. EIS spectra obtainedisteraf one depressed capacitive loop. The isecadiameter
of capacitive loop obtained in 2 M HClin peace of Tenormin indicated the inhibition ofrosion of 304SS.
The high frequency capacitive loop may be attribuie the charge transfer reaction. Corrosionkipatiameters
derived from EIS measurements and inhibitionefficies are given inTable-7. Double layercapacitaitig and
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charge transfer resistance.JRvere obtained from EIS measurements as descalseivhere®”’. It is apparent

from Table-7 that the impedance of the inkihisystem amplified with the inhibitor they Cvalues

decreased with inhibitor. This decrease ip r€sults from a decrease in local dielectric tamtsand/or an

increase in the thickness of the double layergsested that inhibitor molecules inhibit the iraorrosion by

adsorption at the metal/acid interffceThe depression in Nyquist semicircles is femture for solid

electrodes and often referred to as frequemtgpersion and attributed to the roughnessl ather

inhomogeneities of the solid electrdteln this behavior of solid electrodes, tparallel network: charge
transfer resistance-double layer capacitanceesimblished where an inhibitor is preserdr Ehe description

of a frequency independent phase shift betwae applied ac potential and its curreggponse, a constant
phase element (CPE) is used which is defined irettapce representation as in Eq. (5)

Zcpe= Yo_l(i(o)_n (5)

where, Yo is the CPE constantjs the angular frequency (in rad)si’= -1 is the imaginary number and n is a CPE
exponent which can be used as a gauge of the geteeity or roughness of the surfac®epending on the value of
n, CPE can represent resistance (n = 0, Yo = RBjaatance (n = 1, Yo = C), inductance (n = -1, Yad.)=or
Warburg impedance (n = 0.5, Yo = W). Figure-7 sbdwhe electrical equivalent circuit employed talgme the
impedance spectra. Excellent fit with this modebkwedbtained for all experimental data. The surfamesrage )
and % IE were calculated using Eqg. 6:

%IE =0 x 100 = [1-(R/Rccor)] X 100 (6)

whereRand R°are the charge transfer resistances inabsencgrasence of inhibitor, respectively.

—=— blank

450

T T T T — T T
0 150 300 450 600 750 900 1050

z ., ohmem*
Figure-7Nyquist plots for the corrosionof 304SS i2 M HCI in the absence and presence of differembncentrations of Tenorminat
30°C
R, CPE

D e E—

R

©t

Figure-8electrochemical equivalent circuit used tdit the impedance measurements that include a solioh resistance (R), a constant
phase element (CPE) and a polarization resistance charge transfer (Re)

3.6. Electrochemical Frequency Modulation Measurements

EFM is a nondestructive corrosion measurementHile it is a small signal Ac technique. Unlike El&wever,
two sine waves (at different frequencies) are &pjplo the cell simultaneously. The great stregtlthe EFM is
the causality factors which serve as an imfertheck on the validity of the EFM measuratiiéwith the
causality factors the experimental EFM daten dae verified. The results of EFM experinserdre a
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spectrum of current response as a functionfrefuency. The spectrum is called the intermaiiloth spectrum.
The spectra contain current responses assifmedharmonical and intermodulation currentak®e The larger
peaks were used to calculate the corrosion curflé. inhibition efficiencies, % IE calculated froBguation 3
increase with increasing the studied inhibitor @nications. The two frequencies may not be chosearaom.
They must both be small, integer multiples of aeb&®quency that determines the length of the exyset.
Intermodulation spectra obtained from EFM measer@s were constructed for iron 2 M HClsolnsoas a
function of 300 ppm of Tenormin at 30°C. Eagpectrum is a current response as a famabf frequency;
data not shown here. Corrosion kinetic parametnamely corrosion current density,.(i Tafel constants
(BaBc) and causality factors (CF-2, CF-3) were listable-8 as a function of concentrations of ingestd
compounds at 3C. The causalityfactors in Table-8, which areyvelose to theoretical values according to

the EFM theory, should guarantee the validiyTafel slopes and corrosion current dersitiehe standard
values for CF-2 and CF-3 are 2.0 and 3.0, respaiytiv

1ol me

Figure-8EFM spectra for SS in 2M HCI in the presene of 50 ppm Tenormin

108 0w

1090 mnA il || ‘

1000 i

Figure-9EFM spectra for SS in 2M HCI in the presene of 300 ppm Tenormin
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Table-7EIS parameters for the corrosion of SS in 8 HCI in the absence and presence of different coratrations ofinvestigated
compound at 30°C

L Conc. | Cyx10° Ret

Inhibitor ppm | uFcn? | Qen? 0 % IE
Blank 0.0 22.99 62.4 ---
50 8.16 191.3| 0.674| 67.4

100 7.15 488.7| 0.872| 87.2

Tenormin 150 8.22 527.8| 0.882| 88.2
200 10.37 816.9 | 0.924| 92.4

250 9.751 952.8 | 0.935| 935

300 12.97 | 1147.0] 0.946| 94.6

Table-8Electrochemical kinetic parameters obtainedrom EFM technique for SS in2 M HCI in the absencend presence of different
concentrations of Tenormin

Inhibitor %CI)J?T?. uk‘ghz m\fa&ecl m\%ecl CF-2 | CF-3 n?gy % IE
Blank | 00 | 2168 70 82 16| 28| 99.0b
50 | 1271 69 94 18] 28| 58.00 414
100 | 44.71 72 98 17| 31| 2043 794
renormin | 150 |_44.07 77 100 19| 27| 2014 79.7
200 | 29.95 78 120 19| 32| 13.69 86.2
250 | 26.18 77 123 20| 29| 1196 87.0
300 | 22.17 79 132 21| 35| 10.15 89.8

The results obtained from weight loss, pttgiynamic polarization, electrochemical frequemogdulation
and impedance techniques are in a good agmdmt it is of interest to note that, tladues of % IEgiven
by electrochemical techniques are higher thaedlabtained by weight loss measurements; this reajuk to the
fact that the electrochemical measurements werédasut on freshly prepared solutions.

3.7. Mechanism of Inhibition

The inhibitive action of organic compounds depewfdheir structure and functional groups, natur¢hef metal and
aggressive medium [27, 28]. The inhibitory actioh Tenormin drug may be due to one of the following
mechanisms:(i)physical adsorption of the molecuwdesthe metal surface;(ii)electrostatic interactidmstween
protonated nitrogen atoms and already adsorbedtd@hsa(iii)coordination due to donor-acceptor intdi@ns
between the unshared electron pairs of nitrogencamden atoms (iv)the-electrons from the aromatic rings may
also interact with the vacant d-orbitals of thenadcof the metal at the interface;(v)since the higilecular weight

of Tenorminthe inhibition may be effected by hiridgrof attacks by Clions due to wider surface covered by large
molecules of Tenormin.
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