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ABSTRACT

In this work, we studied the effect of inhibitioh QuifaguandingSFG) against corrosion of the carbon steel in
hydrochloric acid 1.0M HCI. For this, we used theight loss measurements and electrochemical methodsas
potentiodynamic polarization and electrochemicap@dance spectroscopy (EIS). Results obtained redetaiat
SFG performed excellently as a corrosion inhibitor foarbon steel in hydrochloric acid solution. Inhibit
efficiency increases with increase in concentratddi$SFG. The efficiency reaches a maximum value of 95.@0%
5x10°M. Electrochemical methods show that it acts asethiype inhibitor with predominant cathodic actidrne
SFG admits as the Langmuir adsorption. The thermodyoattivation parameters for the corrosion reactiaare
calculated and discussed in relation to the stabibf the protective inhibitor layer. Attempt torcdate the
molecular structure to quantum chemical indices wasle using density functional theory (DFT).

Keywords: Sulfaguanidine inhibitor, Carbon steel, 1.0M HEIS, Polarization, DFT.

INTRODUCTION

Corrosion is a fundamental process playing an itambrrole in economics and safety, particularly foetals and
alloys. Steel has found wide application in a brepdctrum of industries and machinery; howeveteitglency to
corrosion. The corrosion of steel is a fundamea¢aldemic and industrial concern that has receivezhaiderable
amount of attention [1-7].

Among several methods used in combating corrosiohlems, the use of chemical inhibitors remainsntioest cost
effective and practical method. Therefore, the tpmaent of corrosion inhibitors based on organimpounds
containing nitrogen, sulphur and oxygen atoms fonetl groups, aromaticity, the possible steric @ffeand
electronic density of donorsare of growing interiasthe field of corrosion and industrial chemisty corrosion
poses serious problem to the service lifetime lofyalused in industry [8-17].

The purpose of this paper is to evaluate the cimmosf carbon steel in the absence and the pres#{&-G) in 1.0

M HCI. The inhibition effect ofSFG on steel in 1.0 M HCI is studied for the first &nby weight loss,
potentiodynamic polarisation curves and electrodbemimpedance spectroscopy (EIS) methods. Also the
relationship between quantum chemical calculatiamd experimental inhibition efficiencies of the itmitor was
discussed. The structure 8FG is shown in Fig. 1
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Figurel. Molecular structure of Sulfaguandine (SFG)
MATERIALS AND METHODS

Materials

The steel used in this study is a carbon steelofftirm: C35E carbon steel and US specification: 3885) with a
chemical composition (in wt%) of 0.370 % C, 0.2308%0.680 % Mn, 0.016 % S, 0.077 % Cr, 0.011 %0T059

% Ni, 0.009 % Co, 0.160 % Cu and the remainder {F®). The carbon steel samples were pre-treaied torthe

experiments by grinding with emery paper SiC (1800 and 1200); rinsed with distilled water, degeea#

acetone in an ultrasonic bath immersion for 5 navashed again with bidistilled water and then dr&édoom

temperature before use. The acid solutions (1.00®l) Mere prepared by dilution of an analytical reaiggrade 37
% HCI with double-distilled water. The concentratimnge of Sulfaguandine employed was 5M@o 1.10% M.

Measurements

Weight loss measurements

The gravimetric measurements were carried out fihitketime interval of 6 h at room temperature ngsian

analytical balance (precision £ 0.1 mg). The carbiel specimens used have a rectangular formtflend.6 cm,

width = 1.6 cm, thickness = 0.07 cm). Gravimetsip&riments were carried out in a double glassemglipped with
a thermostated cooling condenser containing 80 mhoo-de-aerated test solution. After immersioniquirthe

steel specimens were withdrawn, carefully rinsetth Widistilled water, ultrasonic cleaning in acedodried at room
temperature and then weighted. Triplicate experimaevere performed in each case and the mean vdltiee o
weight loss was calculated.

Electrochemical measurements

Electrochemical experiments were conducted usingettance equipment (Tacussel-Radiometer PGZ 100) and
controlled with Tacussel corrosion analysis sofevanodel Voltamaster 4. A conventional three-elatdro
cylindrical Pyrex glass cell was used. The tempereats thermostatically controlled. The workingattede was
carbon steel with the surface area of 1°.ch saturated calomel electrode (SCE) was used mfeaence. All
potentials were given with reference to this eleaér The counter electrode was a platinum platsudace area of

1 cnf. A saturated calomel electrode (SCE) was useHeareference; a platinum electrode was used asotineter-
electrode. All potentials are reported SCE. All electrochemical tests have been perfdrineaerated solutions at
303K.

For polarization curves, the working electrode \wamersed in a test solution during 30 min untilt@agly state
open circuit potentialH,.,) was obtained. The polarization curve was recotoiegolarization from -800 to -200
mV/ SCE with a scan rate of 1 m*sAC impedance measurements were carried-out ifréa@ency range of 100
kHz to 10 mHz, with 10 points per decade, at tist petential, after 30 min of acid immersion, bykgmg 10 mV
ac voltage peak-to-peak. Nyquist plots were maoe fihese experiments. The best semicircle cart bierdiugh the
data points in the Nyquist plot using a non-linkeaist square fit so as to give the intersectionls thiex-axis.

Molecular Modelling

Quantum chemical method is usually used to exglweelationship between the inhibitor moleculaypgarties and
its corrosion inhibition efficiency [18]. The progies include orbital energy, charge density anchitioed energy,
etc. [19].Past studies have investigated the aioel between the inhibitor molecular structure &acefficiency,
but much less attention has been paid to simuteeatisorption mode of the inhibitor and the mefalantum
chemical calculations were performed using DFT sgitgnfunctional theory) with the Beck’'s three paeter
exchange functional along with the Lee-Yang-Pam tazal correlation functional (B3LYP) [20-22] witt-31G
(d,p) basis set is implemented in Gaussian 03 prograckage [23].

This approach is shown to yield favorable geometfir a wide variety of systems. The following qtuan
chemical parameters were calculated from the obtaoptimized molecular structure: the dipole mon{gnt the
energy of the highest occupied molecular orbitaloffs), the energy of the lowest unoccupied moleculdital
(ELumo), the energy band gapEgap = Fomo — ELumo), the electron affinity (A), the ionization potéit(l) and the
number of transferred electronsN).
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According to Koopman’s theorem [24] the ionizatjpatential (IE) and electron affinity (EA) of thehibitors are
calculated using the following equations.

IE = -BEromo 1)
AE = -Eymo @)

Thus, the values of the electronegativigy &nd the chemical hardnesg @ccording to Pearson, operational and
approximate definitions can be evaluated usingdhewing relations [25]:

)(=|+A (3)
2

p=1-A @
2

The number of transferred electromdN) was also calculated depending on the quanturmicia¢ method [26, 27]
by using the equation:

— /YFe _/Yinh
AN = —ZFe Ainh _ (5)
2(/7Fe +,7inh)

Where yre and yinn denote the absolute electronegativity of iron amubitor moleculenge and n,, denote the
absolute hardness of iron and the inhibitor moleaekpectively. In this study, we use the theaaktialue ofyee
=7.0 eV mot* andne.= 0 eV mol®, for calculating the number of electron transferre

RESULTS AND DISCUSSION

Effect of concentration

Polarization curves

Polarization measurements have been carried outdier to gain knowledge concerning the kineticshef anodic
and cathodic reactions. Polarization curves ofcmdon steel in 1.0M HCI solutions without and waithdition of
different concentrations @FG at 303 K are shown in Figure2.The anodic and chthcurrent—potential curves are
extrapolated up to their intersection at a poinekghcorrosion current density.4)) and corrosion potential (&)
are obtained. Tablelshows the electrochemical pteam (L, Ecor and R) obtained from Tafel plots for the
carbon steel electrode in 1.0 M HCI solution withand with different concentrations 8FG. The L, values were
used to calculate the inhibition efficienaypr (%) (Listed in Tablel), using the following equeiti

'{corr - '{corr(i}

x100
corr (6)

Nppp (%0) =

Where Lo and Loy are the corrosion current densities for carboelstiectrode in the uninhibited and inhibited
solutions, respectively.
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Figure2. Polarisation curves of carbon steel in 1.M HCI for various concentrations of SFG at 303K

From this figure, it can be seen that with the éase oSFG concentrations, both anodic and cathodic curneste
inhibited. This result shows that the addition SFG inhibitor reduces anodic dissolution and also rostethe
hydrogen evolution reaction. The Tafel lines in Fg&R2 were almost parallel upon increasing the ibdib
concentrations. It suggested that the inhibitoeddty simple blocking of the mild steel surface][28 other words,
the inhibitor decreased the surface area for cmmoand did not change the mechanism of either rsikkl
dissolution or hydrogen evolution reaction.

Tablel. Polarization data of carbon steel in 1.0 NHCI without and with various concentrations of SFGat 303 K

e Conc 'Ecorr -pc Icorr Tafel 9
Inhibitor " (mviscE) (mvliiec’l) WA (36
Blank - 496.0 162 564.0 - -
5.10° 546 164 24.18 95.71 0.957
SFG 1.10° 544 163 56.37 90.00 0.900
5.10° 545 160 105.87 81.23 0.812
1.10° 549 172 172.13 69.48 0.694

Tablel showed that the largest displacement ofdheosion potential ( &) was about 53 mV. But only when the
change in & value is no less than 85 mV, it can be recognésed classification evidence of a compound as an
anodic or a cathodic-type inhibitor [29]. Therefoiiecan be understood from theg.f variation that the studied
compounds might act as mixed-type inhibitor, asa{ts % increased with the concentration. At the conegioin

of 5.10°mol/L, the studied compound had good inhibitiofficlency about95.71% and acted as excellent
hydrochloride acid inhibitor. The results indicatbdt the increase in inhibitofficiency with concentration might
be attributed to the formation of a barrier film,igfhprevents the acid medium that attacks the nsetdhce due to
the adsorption of these compounds on the mild staéhce.

Electrochemical Impedance Spectroscopy

Figure3 shows the Nyquist diagrams of carbon ste&l0 M HCI solutions containing different concextions of
SFG at 308K. All the impedance spectra exhibit one Isindepressed semicircle. The diameter of semicircle
increases with the increase $iFG concentration and the decrease of the temperaftheesemicircular appearance
shows that the corrosion of carbon steel is coenioby the charge transfer and the presenc8F& does not
change the mechanism of carbon steel dissoluti@). [B addition, these Nyquist diagrams are notfgmtr
semicircles. The deviation of semicircles from petfcircular shape is often referred to as theueeqy dispersion

of interfacial impedance [30, 31]. This behaviorusually attributed to the inhomogeneity of the aheturface
arising from surface roughness or interfacial pmeeoa [32, 33] which is typical for solid metal dlecles.
Generally, when a non-ideal frequency responseegisgmt, it is commonly accepted to employ the ithisted circuit
elements in the equivalent circuits. What is mostely used is the constant phase element (CPELhaias a non-
integer power dependence on the frequency [34,131]s, the equivalent circuit depicted in Figure4mployed to
analyze the impedance spectra, wheyeeBresents the solution resistanceggéhotes the charge-transfer resistance,
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and a CPE instead of a pure capacitor represeatsntarfacial capacitance. Excellent fit with thisodel was
obtained for all experimental data. The impedariGe ©PE is described by the expression[36]:

CPE Q_':jm:'“

Where Q is the CPE constant (0'S" cm?), o is the angular frequency (in rad)sj® = -1 is the imaginary number
and n is a CPE exponent which can be used as & dauthe heterogeneity or roughness of the surface
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Figure 3.Nyquist diagrams for carbon steel in 1.0 MHCI containing different concentrations of SFG at303 K

In addition, the double layer capacitanceg, for a circuit including a CPE were calculatedusyng the following
equation[37]:

Car = [Q- Rcrl_nJlm ®)

The values of percentage inhibition efficiengys were calculated from the values aof &-cording to the following
equation [38]:

Nes (%) = (Rﬂ;j:ﬂj %100 ©

Where R and R; are the charge transfer resistances without anfl watrious concentrations of inhibitors
respectively. Several impedance parameters sucR.a%y, n, 6, Q andngs(%) were derived using above
equivalent circuit shown in Figure4 and are giveifable2.

Table2. Impedance parameters for corrosion of carbo steel in 1.0 M HCI in the absence and presence different concentrations of SFG

at 303 K
. Conc Ret x10" Cu
Inhibitor 1y (@cen?) (s”QQ’lcm'z) @Fcm?y Mes®) O

Bank - 2935 091 17610 91.63 -
510° 4341 087  0.2037 10 9324 0932
oo L10° 2894 087 03055 15 89.86  0.898
510° 1447 089 06111 34 7972 0.797
110° 1085 083 12435 51 7295 0.729

As is seen from Table2, theyGalues decrease with the increase&SBfs concentration, which suggests tI&H#G
functions by adsorption on the carbon steel surfdde inferred that th&FG molecules gradually replace the water
molecules by adsorption at the metal/solution fat®, which leads to the formation of a protecfililm on the
carbon steel surface and thus decreases the @ftémd dissolution reaction [31]. Moreover, therggse ofSFG
concentration leads to the increase gfdRdng % values. The corrosion inhibition efficiency reashmore than
93.24% in the presence of 53®M SFG. The change trend ofzs % can be related to the surface coverage of
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SFGon carbon steel, namely, with an increaseSFG concentration, its surface coverage on carbon stisel
increases. The highe % (and surface coverage) at the low concentratfo®Fes leads to the assumption that the
adsorption oSFG molecules occurs not on the whole surface of qadbeel, but only on the active sites.

Rs CPE
\M LS
77

Rct

\/\/\

Figure4. Equivalent electrical circuit correspondirg to the corrosion process on the carbon steel irytirochloric acid

Weight loss measurements

The effect of addition oSFG tested at different concentrations on the corroib carbon steel in 1.0 M HCI
solution was studied by weight loss measuremen0atK after 6 h of immersion period. From the eslwof
corrosion rate in the absenceg(Gand presence (Ciny) Of inhibitor, the inhibition efficiencyn,. (%), was
determined using the following equation:

Cp —Crpy 10

.. (%) = —R “R(inh) ¥ 100 (10)
CR

It is obvious from the Table3that tH&FG inhibit the corrosion of carbon steel in 1.0 M H&lution at all
concentrations used in this study and the corrosite (&) is seen to decrease continuously with increasing
additive concentration at 303 K. Indeed, corrosiate values of carbon steel decrease when the itohib
concentration increases whilg, (%)values ofSFG increase with the increase of the concentratiom,niaximum
NwL (%)of 94.36% is achieved at 5:31.

Table3. Corrosion parameters obtained from weightdss measurements for carbon steel in 1.0 M HCI caihing various concentration
of SFG at 303 K

. Concentration Cr MNw
Inhibitor M) (mg cni?h) (%) (S)
Blank - 1.135 - -
5.10° 0.064 94.36 0.943
SFG 1.10° 0.127 88.78 0.887
5.10° 0.216 80.93 0.809
1.10° 0.304 73.18 0.731
954 . -0.35
| . [
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o L
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Figure 5. Relationship between the corrosion ratehe inhibition efficiency and SFG concentrations fosteel after 6 h immersion in 1.0 M
HCl at 303 K

70
Scholar Research Library



R. Salghiet al Der Pharmacia Lettre, 2016, 8 (4):65-76

Effect of temperature and thermodynamic activationparameters

In general, the effect of temperature on the inbibiacid—metal reaction is highly complex, becansay changes
occur on the metal surface such as rapid etchidgdasorption of inhibitors and the inhibitor itsefay undergo
decomposition or rearrangement [39]. In order toudate the activation parameters and evaluatertbehanism of
inhibition, Weight loss measurementswere perforfioecdarbon steel in 1.0 M HCI in the absence ares@nce of
5.10°M SFG inhibitor in the temperature range of 303-333 KeTeffect of temperature on the corrosion rate of
carbon steel in 1.0 M HCI over the temperature eaf803 to 333K) (see Table4) in the absence anskpoe of
different concentrations of the investigated commuisuhas been studied. The inhibition efficiencyfdend to
decrease with increasing the temperature; thisatdd that, this compound is physically adsorbedhencarbon

steel surfaces.

Table4. Gz and nw % obtained from weight loss measurements of mildieel in 1.0 M HCI containing 5.10°M of SFG at different
temperatures

- Temperature Cr Mw
Inhibitors (K) (mg cm?h?) (%) (5]
303 1.135 - -
313 2.466 - -
Blank 323 5.032 - -
333 10.029 - -
303 0.062 94.54 0.945
SEG 313 0.284 88.48 0.884
323 1.137 77.40 0.774
333 3.781 62.29 0.622

The dependence of corrosion rate at temperaturebeaexpressed by Arrhenius equation and transiiate
equation:[40]

c. =k (—Eﬂ) (11)
B exp RT

RT M AF
¢z =5 xp(5*)exr (— p (12)

Where & is the corrosion rate, R the gas constant, T liselate temperature, k the pre-exponential fat¢tas, the
Planck’s constant (6.626176 x@s), N is the Avogadro's numbai, the enthalpy of activation, anS,entropy
of activation. The apparent activation energy fds.50°M of concentration of the inhibitor can be calcathty
linear regression between Lnd)&nd 1/T; the results were shown in Table5.

Ln (Cp) (mg cm?® h™)

3.00 3.05 3.10 ' é.lS' 3.20 3.25 3.30
1000/T (K™

Figure6. Arrhenius plots for MS in 1.0 M HCI in the absence and presence of 1mM of SFG at differentrtgeratures
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A plot shown in Figure6, of corrosion rate obtaifgdweight loss measurement versus 1/T gave stréigh The
value of the Eobtained from the slope equals to the/R).It is evident from the Table5 that the actigatenergy
increased on addition &FG in comparison to the uninhibited solution. The @age in the apparent activation
energy value interpreted as the decrease in thiitioin efficiency with the increase in the tempera. This leads
to the increase in corrosion rate due to the greatsa of metal that is exposed towards the camoshvironment
[41].

A plot of Ln (G/T) versus 1/T is shown in Figure 7. Straight limesre obtained with slopeAH/R) and intercept
of [Ln(R/Nh) + (AS/R)], from whichAH, andAS, were calculated and listed in Table5. It is clieam the Table5
that the entropy of activation increased in thesenee of inhibitor in comparison to the uninhibisimple. The
increase in the activation entropy in presencenbibitor indicates the increase in the disordegien going from
reactant to activated complex. It is evident fréma table that the value aH, increased in the presence of inhibitor
than in the uninhibited solution indicating the g inhibitive efficiency. This may be attributemlthe presence of
an energy barrier for the reaction, hence, the gg@®f adsorption of inhibitor leads to rise inhatpy of the
corrosion process.
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Figure 7.Transition state plots for the inhibition of corrosion of mild steel in 1.0 M HCI in the absece and presence of 5mM of SFG at
different temperatures

Table5. Activation parameters for mild steel corron in 1.0M HCI in the absence and presence of 5 m8FG inhibitor at different

tempe ratures
— E. AL AS. E.-AH.
Inhibitor —\ 5/mo)  (ka/mol) (3 mol K
Blank  60.79  58.16 -51.84 263
5mM
2V 10604 1043 77.04 2.64

Adsorption isotherm and thermodynamic parameters

It is well recognized that the first step in intibn of metallic corrosion is the adsorption of anic inhibitor

molecules at the metal/solution interface and thatadsorption depends on the molecules chemicapasition,

the temperature and the electrochemical potentideametal/solution interface. In fact, the solvelpO molecules
could also adsorb at metal/solution interface. I8®o ddsorption of organic inhibitor molecules froine taqueous
solution can be regarded as a quasi-substitutiongss between the organic compounds in the agquemse [Org
oyl @nd water molecules at the electrode surfac® [k [42]:

Orgsoiy + NHO (ags)— Orgagsy NH0 (sq))

Where (n) is the size ratio, that is, the numbemafter molecules replaced by one organic inhibi®asic
information on the interaction between they inlubiaind the steel surface can be provided by therptisn
isotherm. In order to obtain the isotherm, thedineelation between degree of surface coverapeajues § = nw.

% / 100) and inhibitor concentration (C) must berfd. Attempts were made to fit tAevalues to various isotherms
including Langmuir, Temkin and Frumkin. By far thest fit is obtained with the Langmuir isotherm.isTmodel
has also been used for other inhibitor systemsgid3ccording to this isotherm,is related to C by:
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C_1
L ir: —=—+C 13
angmuir 2K (23)
1-6)C
Frumkin: Ln[%} =LnK+ ¢f (14)
. 7]
Temkin: Ln(EJ =LnK-g@ (15)

0 is the surface coverage, K is the adsorption-getor equilibrium constant, Cis the concentratidmndibitor and
g is the adsorbate parameter.

Figure8 shows the plots of B versus C and the expected linear relationshigbtained for this compound. The
strong correlation (R= 0.9999 for the compour8FG) confirm the validity of this approach.

The thermodynamic parameters from the Langmuir gudiem isotherm are listed in Table6, together with value
of the Gibbs free energy of adsorp'[irS:G;ds calculated from the equation:

AG,, =-RTLH55.5K,) (16)

Where R is the universal gas constant, the thermenajc temperature and the value of 55.5 is the exanation of
water in the solution [45].

0006

0005 4

0.004 4

1 v 1 v 1 v 1 v
0.0 0001 0.002 0003 004 1 HTE
C..0h

Figure 8.Langmuir adsorption of SFG inhibitor on the mild steel surface in 1.0 M HCI solution at 303K

Table6. Adsorption parameters of SFG for mild steetorrosion in 1.0M HCI at 303 K

Inhibitor °
Slope KM AG, i (k3/mol)

SFG 1.03 13794.26  -34.11

Generally, the energy values of -20 kJ mol-1or lesgative are associated with an electrostaticant®n between
charged molecules and charged metal surface, mhpsien; those of -40 kJ mol-1 or more negativeoimre charge
sharing or transfer from the inhibitor molecules tte metal surface to form a coordinate covalemdho
chemisorption [46,47]. The value of the standaek fenergy of adsorptionG°,4listed in Table6, since it is
between the values of -40 kJ maind -20 kJ ma!, allows us to suggest that the adsorption of nhibitors has
two types of interactions: chemisorption and phygiton [48].

Theoretical parameters predicating
Quantum chemical calculations are utilized to asdriwhether there is a clear relationship betwiéenmolecular
structures of inhibitor and its inhibition effecthe structure parameters and adsorptive performardficthe
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synthesized inhibitor are used to elucidate thébitibn mechanism in the present work. The equillibr geometry
structures and the frontier molecule orbital (FOdénsity distributions of the molecule are showifrig. 9and the
guantum theoretical parameters are listed in Table

Optimized molecular structure HOMO

Figure10.Optimized structure and frontier molecular orbital diagrams of SFG by B3LYP/6-31G (d,p)

Table6. Quantum chemical parameters for SFG calcutad using B3LYP/6-31G (d,p)

Molecular parameters SFG
Eromo (V) -5.95439855
ELumo (eV) -0.55946638
AEgy (eV) 5.39493216
U (debye) 7.1137
I (eV) 5.95439855
A (eV) 0.55946638
x (V) 3.25693247
n (eV) 2.69746608
W 14.3068329
AN 0.69381179
TE (a.u) -1040.56

Analysis of Fig. 9shows that the distribution otegies HOMO and LUMO are distributed over the entirolecule,
consequently this is the favorite’s sites for iatgion with the metal surface. These results sughasthe nitrogen
and oxygen atoms are the probable reactive sitesdfgorption of inhibitor on the metal surface.

Enomo IS often associated with the electron-donatinditsglof a molecule and its high value (-5.9543985%) is
likely to indicate a tendency to donate electransjipropriate low-energy acceptor states. Incrgasitues of the
Ehomo facilitate adsorption (and therefore inhibitiony mfluencing the transport process through theodsd
layer. Eywmo indicates the ability of the molecule to accegicelons; hence these are the acceptor statesoivee |
the value (-0.55946638 eV) of fo, the more probable it is that the molecule wouldept electrons [26]. For the
dipole momenty), higher value (7.1137 D), of dipole moment wélbr a strong interaction of inhibitor molecules
to the metal surface.

In addition, the electro negativity parametgrié related to the chemical potential, and higraue of §) indicates
better.

Using Eq. (4), the value of electron-donating &pi{fAN) was calculated and its value is given in Tablé AN <
3.6 (electron), the inhibition efficiency increasegh increasing value oAN, while it decreased iAN > 3.6
(electron) [27, 28]. In present contribution, SF&Gthe donor of electrons, and the iron surface atam the
acceptor. The SFG was bound to the mild steel seyfand thus formed inhibition adsorption layer imasfa
corrosion at carbon steel/hydrochloric acid sohuiitterface.

CONCLUSION
From the above results and discussion, the follgwiinclusions are drawn:
» The results showed that inhibitor Sulfaguandine(SR&ve excellent inhibition efficiency for the cosion of
Carbon steel in 1.0 M HCI.

» The inhibition efficiency increases with conceritratcompound.
» The potentiodynamic polarization curves indicateat Sulfaguandine act as mixed type of inhibitor.
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» The Sulfaguandine molecule follows Langmuir adsorptsotherm for the adsorption on metal surfacd.bM

HCI solution.

» The impedance results indicate that the value ddrization resistance increased and double laypaatance
decreased. This result can be attributed to thedse of thickness of electrical double layer.

» Inhibition efficiency of this inhibitor decreasestiwvincrease in temperature and further it leadsntdncrease in
activation energy.

» Quantum chemical calculations showed a good cdiwalabetween quantum chemical parameters for the
investigated compound and its inhibition efficierioy the corrosion process in agreement with expental results.
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