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ABSTRACT

Inhibitory effect of some new synthesized and aedlaminocyclohexane compounds, namely, 3-cycliainexy-
propionitrile (P1) and aminocyclohexane (P2) respesty; on corrosion of steel in 1M HCI solution siéeen
studied using weight loss measurements and eldwmical technique polarization methods. The resalitsined
reveal that these compounds are efficient inhikitdihe inhibition efficiency increases with ther@ase of inhibitor
concentration and reaches 90 % for P1 at®M. Potentiodynamic polarisation studies clearlyeal that P1 and
P2 acts cathodic inhibitors without change of thectranism of hydrogen evolution. The temperatuecetin the
corrosion behaviour of iron in 1 M HCI without amdth the inhibitors at 18 M was studied in the temperature
range from 313 to 353 K. Significant correlations abtained between inhibition efficiency with ttedculated
chemical indexes, indicating that variation of iniiion with structure of the inhibitor may be exipled in terms of
electronic properties. The inhibitors were adsorb@u the iron surface according to the Langmuir agson
isotherm model at different temperature. From thasaaption isotherm some thermodynamic data for the
adsorption process (K andG°,q9 are calculated and discussed.
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INTRODUCTION

Corrosion is natural and inevitable, but it canrbmimized and delayed. To truly understand the adshot
implementing sound corrosion practices, considstudy conducted by the U.S. Federal Highway Adniafeon
(FHWA) and National Association of Corrosion Engine (NACE). The study estimates the annual direst of
metallic corrosion to the U.S. economy is 3.1%hef gross domestic product (GDP) or approximateQ0$3llion.
Beyond the huge direct outlay of funds to repanl/anreplace corroded bridges, facilities, and #eckural steel,
there are costs associated with accidents causedrinded structures, needless consumption of alatesources to
constantly repair and maintain infrastructure, dodt productivity when delays cause traffic jams lost
opportunity. Depending on which market sector (stdal, infrastructure, commercial, etc.) is beicwnsidered,
these indirect costs may be as high as five tditeas the direct cost. The study also states atedeorrosion
accounts for about one third of the total corrosiosts and concludes “these costs could be redogdaoader
application of corrosion-resistant materials areldpplication of the best corrosion-related techlinicactices.”

The cost of corrosion has been reported from mamdiess also to be in the order of 1 to 5 per cérENP for any
country. Chemical acid cleaning, acid descaling pitttling processes are widely used in industri@cpsses to
remove corrosion scales from metallic surface ghtdoncentrated HCl media at elevated temperatute 60 °C.
Corrosion never stops but its scope and severitybedlessened [1-15]. In a sense, the use of ioingbis one of the
best known methods of corrosion protection.
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A corrosion inhibitor is a chemical compound whistdesigned to protect a metal or alloy from cdmoesWhile
corrosion inhibitors will not halt or completelygwent corrosion, they can reduce the rate at wdoctosion occurs,
and block early corrosion damage. A wide varietycbémicals can be used for this purpose, althoughynare
toxic, and must therefore be used with care toeatothe environment. One form of corrosion inhibite a
compound added to a fluid such as a fuel or lubticln this case, the corrosion inhibitor travelshwthe fluid,
providing protection to the systems the fluid motesough. Commonly, it forms a thin film which pents
reactions between compounds in the fluid and systeuth as pipes. This type of corrosion inhibitaynbe
blended into the fluid continuously, or added pdidally to maintain a protective film.

Corrosion inhibitors can also be sprayed or pairtedo create a thin layer which will provide prdten from

corrosion. Many people do this on a regular basismthey oil locks and hinges to prevent them frasting and
to keep them moving smoothly. The thin layer ofagits as a corrosion inhibitor to prevent oxidatsmthat rusting
cannot occur. In order to work effectively, thefage needs to be clean when the chemical is apgedtherwise
corrosive reactions can take place underneathdiresion inhibitor.

The use of Inhibitors is the one of the most prattmethods to protect metals against acid solwttack. Organic
compounds containing electronegative functionaugsoandreelectron in triple or conjugated double bonds are
usually goods inhibitors. Heteroatom’s as sulfimggphorus, nitrogen and oxygen as well as aromiaticin their
structure are the major adsorption centres [16-28he effect of organic nitrogen, sulfur compouras the
corrosion behaviour of iron and steel in acidicuioh has been well documentation in our laborasorit was
shown that the protective properties of such compalepend upon their ability to reductive corrogiate and are
enhanced at higher electron densities around the sund nitrogen atom [3, 5, 20, 21, 27-29].

The selection of suitable inhibitor depends orclitemical structure, on concentration, on the natfitke metal and
on the type of acid. In acid environment, the ititbibacts generally by chemisorptions and/or phglsicsorption at
the metal surface. To be effective, an inhibitorsiroe also displace water molecules from the neetaliface and
interact with anodic and cathodic reaction sitesetard the oxidation and/or reduction corrosioact®n. So, the
inhibition efficiency of organic compounds depenals the structure of inhibitor, the characteristiafs the
environment in which acts and the mode of inteoactivith the metal surface [4, 6]. Numerous worksoim
laboratory have been devoted to the corrosion itihgpeffect of aqueous soluble heterocyclic orgasdmpounds
on metallic materials. Heterocyclic organic compasiigcontaining nitrogen, sulfur have been provegdedorm as
very good inhibitors for the corrosion of metalsakidic solutions [9, 10, 12-14, 18].

In the present work, we aimed at investigatingdbgosion inhibition of steel in 1M HCI by 3-cyclekylamino-
propionitrile (P1) and aminocyclohexane (P2) andlserve any relation between molecule structuck thair
inhibitive action. The behaviour of steel in 1M H@ithout and with inhibitor is studied by Weigtdds tests and
electrochemical techniques measurements.

MATERIALS AND METHODS

2. Experimental details.

2.1. Inhibitors

Schema.l. shows the molecular formula of the ingattd. The aminocyclohexane (P2) is a commerciadiynt
and analytical. The 3-cyclohexylamino-propionitrifel) is synthesis and analyzed by 1H NMR, 13C Nt IR.
RMN 1H (300 MHz, CDCI3)5=2.88-2,95 (CH2-CH2-CN,2H, t (J= 11.73)) ; 2,362(&H2-CN,2H, t (J= 6.5) et
0.93-1,86 (C6H11,6H, m (J= 19.56)). RMN 13C (CDCi8,MHz): 6=118.82 (c); 55.95 (d); 42.05 (b); 32.31-36.7
(e); 26.35 (g); 24.82-25.94 (f) and 19.08 (a)

The synthesis of P1 following the procedure foboa solution of cyclohexylamine (0.2016 mmol, 3xgs cooled

to 0 ° C then (0.2016 mmol, 1.06 g) of acrylotétiiold and stirred for 24 hours in the absencdégbt. We obtain
yellowish oil with an 85% vyield

e H
f d/N b
O \L NH,
g e a>cN
f c
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3-cyclohexylamino-propionitrile (P1) Aminocyclohexane (P2)
Scheme 1: the molecular structure of P1 and P2

2.2. Gravimetric and electrochemical measurements
Prior to all measurements, the steel samples, pelished with different emery paper up to 1000 gradashed
thoroughly with bi-distilled water degreased anigdmvith acetone.

The aggressive solution (1M HCI) was prepared lytidn of Analytical Grad 37% HCI with bi-distillesvater.
Steel samples of the following weight percentagamaosition 0.09% P; 0.38% Si; 0.01% Al; 0.05% M2 C;
0.05% S and the remainder iron are used. The spesimsed in the chemical investigations are iridima of strips
of dimensions 2cmilcmx0.2cm.

Electrochemical measurements are carried out ionaentional three-electrode cylindrical glass cElie working
electrode, in the form of a disc cut from steek hageometric area of 1énA saturated calomel electrode (SCE)
and platinum electrode are used as reference aniliaay electrode, respectively. The temperature is
thermostatically controlled at 308K. The polarisaticurves are recorded with the electrochemicateays
(Tacussel) which included a digital potentiostatdeioVoltalab PGZ 100 computer at,Eafter immersion in
solution, at a scan rate of 1mV/s. The test salutideaerated for 30 min in the cell with pureagen. Gas
bubbling is maintained throughout the experiments.

All calculations are performed using Argus Lab Z&em3D Ultra 8.0 and Gaussian 98 package softaaféie
following quantum chemical indices are considetbd: energy of the highest occupied molecular drifEaowo),
the energy of the lowest unoccupied molecular ati§i ymo), A = Enomo — E.umo, total charge density calculated
by extended Huckel, and the dipole momeit (

RESULTS AND DISCUSSION

3.1. Weight loss tests

The effect of added of 3-cyclohexylamino-propiafgt{P1) and aminocyclohexane (P2) compounds &dreifit
concentrations on the corrosion of steel in detadrdM HCI solution was studied by weight-loss @8 & after 6
hours of immersion period. Inhibition efficiency #&) was calculated as follows:

E, %= (1—va—j 100 (1)

cor

Weo® and W, are the corrosion rates of iron samples in theerdxs and presence of the organic compound,
respectively.

The results of weight loss of pure iron in 1M HCitlwand without 3-cyclohexylamino-propionitrile (P&nd
aminocyclohexane (P2) compounds at various coratémis are given in table (1). The results giverainle (1)
show that it clears that for each compounds teshediron corrosion rate values decrease whendheantration of
(P1) and (P2) compounds increases.

The inhibiting action is more pronounced with Acsdcyclohexylamino-propionitrile (P1), and its inhibn
efficiency attains the maximum value of 90.2% at’MIO It was shown that the protective properties oéts
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compounds depend upon their ability to reductiveragion rate and are enhanced at higher electrositiks

around the nitrogen atoms

Table 1: Gravimetric results of steel corrosion inLMHCI without and with addition of P1 and P2 at different concentration.

Inhibitor | Concentration (M)] W(mgcmh’) | E %
Blank 1.439 -

10° 0.284 47.8

10° 0.504 65.0

5x 10° 0.325 77.4

P1 10* 0.310 78.4

5x 10* 0.219 84.7

10° 0.141 90.2

10° 0.752 47.7

10° 0.496 65.5

5x 10° 0.450 86.7

P2 10* 0.380 73.6

5x 10* 0.248 82.8

10° 0.202 85.9

It is interest to note that, the inhibiting effexft P1 compound can be attributed to their adsompéit the metal
solution interface; the adsorption is owing to firesence more active centre (several nitrogen atordsa great
deal ofrn-electrons of rings ) for adsorption. They reportedt the nitrogen atoms are the adsorption cerfites
their interaction with the metal surface and them@pounds are usually good inhibitors [19, 30].

3.2. Polarization measurements
Evaluation of E (%) can also be performed throulgleteochemical experiments which consist of theedatnation
of intensity/potential curves. Various corrosiomédic parameters such as corrosion curregt)(l corrosion
potential (E,), cathodic Tafel slope {pderived from the polarization curves (Figure.ayl anhibition efficiencies
(E;%) of 3-cyclohexylamino-propionitrile (P1) and amayclohexane (P2) compounds studied are given leT2
In the case of polarization method, the inhibitedficiency (El %) is determined by the relation :

E,%=|1-

corr
(o]
corr

100

@)

leor and P are the corrosion current density values with anthout inhibitor, respectively, determined by
extrapolation of cathodic Tafel lines to corrospmiential.
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Figure 1. Typical polarisation curves of steel in M HCI for various concentrations of P1.

Figure. 1 shows the influence of P1 on the poltideacurves for the steel electrode in 1M HCl.sltobserved that
the addition of the compound studied shifts théadic polarization curves to lower current density.cathodic
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domain a large linearity plots indicating that tleeluction of hydrogen ion is activation control.ti@aic portions
rise to parallel Tafel lines indicating that theegpence of compound tested does not modify the mésheof the
hydrogen reduction [3-5, 31]. This results in vatugope (b is slightly modified relative to the blankJjbValues
of associated electrochemical parameters and gameng inhibition efficiencies (E%) are given imfdle 2. The
Tafel. But in the anodic domain a slight effecbisserved. The decrease in corrosion rate is asedondth a shift
of only cathodic branches of the polarization ceri@vards lower current densities with a non modifon in E.
In the anodic range (Figure.2), the polarizatiorvea showed also an increase of over voltage meacdrrosion
potential

Table 2: Potentiodynamic polarization parameters fothe corrosion of mild steel in 1M HCI at different P1 compound studied

Concentration | Eeor (MV) | be (MV/ dec) | lor (WA/cn?) | E%
Blank -474 177 947 -
10°M -487 169 573 41
10°M -544 160 356 63
10“M -533 158 231 76
10°M -502 165 122 87

For an overvoltage higher than —350 mV/SCE, thegnmee of inhibitors does not change the curremetsntial
characteristics. This fact means that the inhibitieode of P1 depends upon electrode potentiakdins that the
presence of the three inhibitors does not changectinrent versus potential characteristics. Thggests that this
compound acts essentially as a cathodic inhib@pf, 32-35].

3.3. Effect of temperature

The effect of temperature on the inhibited acid-ahegaction is very complex, because many changesr@n the
metal surface such as rapid etching, desorptiantobitor and the inhibitor itself may undergo degmosition. In
order to study the effect of temperature on theasdon inhibition of mild steel in the acid mediwand to determine
the activation energy of the corrosion processyi@ratric measurements are taken at various tempesai313-
353 K) in the presence and absence of 3-cyclohmigiapropionitrile (P1) at 1&M at 1h. The corresponding
results are given in Table 3. We note that theasion rate increases with the rise of temperatoth n inhibited
and uninhibited acids. Figure 3 shows Arrheniugspfor steel corrosion rate. The apparent activaginergies can
be determined by the relation:

In W :_Ea+InA
RT (3)

InW':_Ea+InA
RT

E’, and E are the apparent activation corrosion energies anid without 3-cyclohexylamino-propionitrile (PR
is the universal gas constant, T is the absolmg@égature and A is the pre-exponential factor §5,34, 36-38].

Table 3: Corrosion rates and inhibition efficiencyof steel in 1M HCI in presence and absence of P1 Hi°M at different temperatures.

Temperature (K) Concentration (M) W (mg/cn.h) %E @
Blank 2.604 - -

313 10 0.574 78 0.78
5x10* 0.270 89 0.84

10° 0.215 92 0.9

Blank 4.834 - -

323 10 1.398 71 0.71
5x10* 0.509 89 0.84

10° 0.473 90 0.9(

Blank 8.7815 - -

333 10 3.138 64 0.6
5x10* 1.625 81 0.8]

10° 1.439 83 0.8]

Blank 13.235 - -

343 10° 6.995 47 0.41
5x10* 5.344 59 0.59

10° 4.773 64 0.6

Blank 26.552 - -
353 10 15.404 42 0.42
5x10* 12.315 53 05

10° 9.654 63 0.63
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We note that the corrosion rate increased witheimsing temperature both in uninhibited and inhibéeids and the
values of effectiveness decreases with increaditengperature (Table 3).

The linear regression plots between In(W) and ID@0& presented in Figure.2. The calculated adbnatnergies,
E., and pre-exponential factors, A, at different carteations of the inhibitor are collected in TaBlerhe change of
the values of the apparent activation energies byexplained by the modification of the mechanisimtthe
corrosion process in the presence of adsorbedifohinolecules [2-4, 39, 40].

LnW(mg/cmz.h)

. 7 . .
2,8 2,9 3,0 3,1 3,2 3.3

1000/T(K™)

Figure 2. Typical Arrhenius plots for logW vs. 1/Tfor steel in 1 M HCI at different concentrations ofP1.

The apparent activation energy flar the corrosion process in uninhibited and iiteitb acids for steel is evaluated
from slopes of Arrhenius plots (Figure. 2). Litenat [1-15, 41] discussed the variation of the appiactivation
energy Ein the presence and absence of inhibitor. Higladwes for E were found in the presence of inhibitors.
Other studies [42, 43] showed that in the presefi@ehibitor the apparent activation energy waséowhan that in
the absence of inhibitor. However, in our studyjri€reases with increasing the P1 concentratiod,adnvalues of
E. were higher than that in the absence of P1 conthotlhis type of inhibitor retards corrosion at oy
temperatures but inhibition is diminished at eledaiemperature.

Arrhenius law predicts that corrosion rate increaséh the temperature and Ea and A may vary vathgerature
(Eg. 1). The obtained values seem that A and Eee@se continuously with the inhibitor's concentrati It's
observed that the Ea value is increased in theepoesof inhibitor that indicates the poorer perfance of the
compound at higher temperatures. The addition lwbitor modified the values of the apparent actiwatenergies;
this modification may be attributed to the changealie mechanism of the corrosion process in theemee of
adsorbed inhibitor molecules. The lower value & #ttivation energy of the process in a P1 inhilsitpresence
when compared to that in its absence is attribtaets chemisorptions while the opposite is thescagh physical
adsorption. This type of inhibitor retards corresit ordinary temperatures but inhibition is dirsired at elevated
temperature.

Other kinetic data (enthalpy and entropy of comnsprocess) are accessible using the alternativeulation of
Arrhenius equation eq (3) and transition state toouaq (4) [12, 13, 15, 44, 45]:

_RT ASg _AHZ
W=Nh eXp( R jeXp( RT j

(4)

Where h is planks constant, N is Avogadro’s numi&, and AH, are the entropy and enthalpy of activation,
respectively. Plots of In (W/T) vs. the reciprocéltemperature show straight lines with a slopeattp (AH, /R)
and an intercept of (Ln R/NhAS,/R). The values ofH, andAS, are also presented in Table 4.
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Figure 3. The relation between logW / T) vs. 1 /T for steel at different concentrations of P1.

The positive signs ahH* reflect the endothermic nature of the steel alisiion process. The values Bf andAH*
enhance with an increase in the concentration afuggjesting that the energy barrier of corrosiaetien increases
as the concentration of P1 is increased. This misathe corrosion reaction will further be pushedurface sites
that are characterized by progressively highereshfE, as the concentration of the inhibitor becomestgrd40].
Inspection of the kinetic data obtained in Tabkhéws that all parameters of corrosion proceseasas with the
inhibitor concentration. In the present study,céuld be found that thé&S* increase with the increase in
concentration of P1, and passes from the -13.®&1o 13.0 J mot at 10°M, furthermore, we notice as thés*
changes its sign from negative to positive as altre$ possible change in the mechanism of theasion process
and in disordering takes place on going from redstto the activated complex. The obtained resak similar to
the author’s previous outcome [16, 46-48].

Table 4. Activation parameters of the dissolution bsteel in 1 M HCI in the absence and presence oflP

C(M) Ea(kJ/mol) AH’;(kJ/mol) AS,(J/mol.K) E;AH’, (kJ/mol)
Blank 525 55.0 -70.6 2.7
10* 74.3 77.0 -13.3 2.7
510* 81.6 84.4 4.6 2.7
10° 85.0 87.7 13.0 2.7

The increase ofEa andAH®, with an increase in the P1 concentration (Figur&Zuggests that the energy barrier
of corrosion reaction increases with the inhib#oconcentration. The higher activation energy ia itfthibitor’s
presence further supports the proposed physisarptiechanism. Unchanged or lower values of Ea iibitgu
systems compared to the blank to be indicativehehtisorptions mechanism, while higher values ob&ggest a
physical adsorption mechanism. This type of inbitsitretards the corrosion process [19, 34, 40,3}9-5

In this work, P1 compound tested contain a chatwéen aminocyclohexane and N atom, cyano groupagmthe
main active centres of molecule and cycle ring. phesence of free electron pair in the nitrogematavours the
adsorption of inhibitor. It apparent from the résuhat the molecular structure of this compourat the essential
affect of the corrosion inhibition [51, 54-56].

The inhibitory effect of these compounds studied loa also interpreted by formation of a stable fiimthe metal
surface. The formation of a stable film on the mstaface through chemisorptions is tested andrtegd13, 14,
19, 34]. It is found that an adsorbed film is fodrman mild steel surface which is responsible far itthibition of
corrosion in the acid. The protective activity bétadsorbed film in the acid solution is retained& period of time
when specimens, dipped in inhibited acid, are feansd to fresh acid without inhibitor.

P1 is the best inhibitor among the compounds tedteal is expected to due to the existence of cgmoaop and the
recover effect of grouping by organic chain. Thisservation clearly proves that the inhibition isedio the
formation of an insoluble stable film from the pess of chemisorptions on the metal surface.
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3.3. Thermodynamic parameters and adsorptiomsotherm.

Attempts were made to fit values ®to many isotherm including Langmuir, Temkin, Frumknd Freundlich. The
organic compound seems that follows well the Lanigadsorption isotherm written in the rearrangeahfo
c_1

AG
= +C with K = 1 ads 5
g K 555 PRy ) ®

[

WhereC is the concentration of inhibitoK is the adsorptive equilibrium constaftis the surface coverage and the
standard adsorption free energyqJ.

The relationship between €and C presents linear behaviour at all temperatsiigdied (Figure. 4) with slopes
equal to unity.

0,0016 _+
1[—=— 308K

0,0014 4| —e— 313K
0,0012

0,0010

C/o

0,0008 ~

0,0006

0,0004 ~

0,0002

0,0000 y T g T T T T T T T
0,0000 0,0002 0,0004 0,0006 0,0008 0,0010

C(M)

Figure 4. Fitting Langmuir's adsorption isotherm model for P1 in 1 M HCI at different temperatures.

To get more adsorption enthal@\°,4s the Van't Hoff equation was used [27]:

o

AH
In(K) = - R—ids + Constant (6)

The straight line obtained between In(K) and 1/Which is equal to that estimated by the Gibbs—Heltzh
equation, expressed by:

08G,,/T) | __AH (7)
aT o T?

and written in the following equation.

AG;ds = AH;ds+A (8)
T T

The standard adsorption entrap$°4smay be deduced using the thermodynamic basic iequat
AG®34s= AH® 445 = TAS 345 )

All the obtained thermodynamic parameters are shiovirable 3. The negative valuesf&®°,4sfor P1 indicate the
spontaneous of the adsorption of P1 and stabilith@adsorbed layer on the Steel surface [9, 1058].
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Table 5. Thermodynamic data for studied P1 from exgrimental adsorption isotherm.

Temperature (K) AG®q (kJ mol’) AH® (kJ mol') AS%q (J mol'K™)
308 -37,12 -31.9 17
313 -38,35 -31.9 20.48
323 -38,90 -31.94 21.55
333 -39,30 -31.94 22.09
343 -38,70 -31.94 19.69
353 -38,11 -31.94 17.46

The values of thermodynamic parameters for theratiso of inhibitors can provide valuable inforn@tiabout the
mechanism of corrosion inhibition. More negativduea AG°,4s angAHags designates that inhibitor is strongly
adsorbed on the Steel surface. The negative valfi®dH°,ys also show that the adsorption of inhibitor is an
exothermic process [20]. It assumed that an exotiteprocess is attributed to either physical or naival
adsorption but endothermic process correspondfysolehemisorptions. In an exothermic process sgorption is
distinguished from chemisorptions, generally, valoAG 44 up to -20 kJ/mol are consistent with the electiist
interaction between the charged molecules andttheged metal (physisorption) while those aroundkaiénol® or
higher are associated with chemisorptions as dtresharing or transfer of electrons from orgamiolecules to
the metal surface to form a coordinate type of b@heémisorptions) [5, 7, 34]. In this study; tharstard adsorption
heat between -37.12 kJrifoand 38.11 kJmdi indicating, therefore, that the adsorption medrarof the P1 on
steel in 1.0 M HCI solution was typical of chemistions (Table 5).The possible mechanisms for chemions
can be attributed to the donatiselectron by the rings, and the presence of nittagems in structure molecule as
reactive centres [3-6, 12-14].

Finally, we show this change the inhibition bysfiwith the organic chain that is long for P1 tiRi) this ensures
an important recovery of metal surface. Other hthedexistence of two active adsorption sites instinecture of P1
[12-14] permitted to reinforce this interaction.

3.9. Theoretical calculations

The calculated quantum chemical indic&duo = energy of the highest occupied molecular orbiEao =
energy of the lowest unoccupied molecular orbibéthe three inhibitors are shown in Table 8. Iition efficiency
increases with increasing valuespbwo [1, 16, 23, 59].

In order to correlate some quantum chemical pararsetith experimental inhibition efficiencies of Bdd P2 were
obtained. This may be explained by the fact thatitiibition efficiency in this case is not stricioverned by the
electronic propertiesThe reactive ability of the inhibitor is consideréa be closely related to their frontier
molecular orbitals, the HOMO and LUMO. A typicaketron density distribution of HOMO and LUMO for Rfd
P2 are shown in schema.2. The results seem tcaitedilsat charge transfer from the inhibitor takies during the
adsorption on the metal surface. Increasing vatfigke E,omo may facilitate adsorption (and therefore inhibidio
by influencing the transport process through theodaed layer. However, the differendE = Ejomo — ELumo IS @
negative number, whereas the coefficientA®f is positive, indicating that smaller absoluteuealof AE, and
therefore, a low excitation energy to move an etecfrom the highest occupied molecular orbital w@use higher
inhibition efficiency. This means that the band gagergy value (Figure. 5) is more favourable fortRdn P2 to
explain percentage of the inhibition efficiency.

LUMO of P1 Homo for P1
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LUMO of P2

Schema 2. The frontier molecular orbital density dstributions (HOMO and LUMO) along the P1 and P2.

Table 6. Total charge density surface and calculatieby Gaussian program

Compounds N(7) N(12) Ewomo (€V) Eiumo (V) AE (eV)
P1 -0.208 -0.383 -10.275817 5.732889 -38.73603
P2 -0.299 - -11.325343  28.460213 -39.785p5

Table 6. indicates that for compound P1, N(7) ar{d2\N have negative charges and consequently theyhar
centres of the adsorption phenomenon; but for R2 baly N(17) have negative charge [1, 16, 23, 3P-6

91

-
-

90 -
X ]
w
> 89 -
(8]
c
Q 1
O
£ 88
o
c 4
8
=
8 874
<
£ 1 [P2

86 — -

T T T T T T T T T T
-39,8 -39,6 -39,4 -39,2 -39,0 -38,8 -38,6

AE (eV)

Figure. 5. Correlation of energies differencéE with percent inhibition P1 and P2.

The findings obtained by the experimental study #redcalculation of the total charge density swefatinhibitor
P1 may suggest the adsorption mode as below (ScBeme
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Scheme 3. Schematic representation of the mode df BRdsorption.

Due to the geometry configuration, the repartitadrthe HOMO density is preferentially localized one part of
amine function for both molecules. The steel maydfer electron to P1 on both nitrogen to formadblst steel
complex, improving therefore the corrosion resiséaaf mild steel in 1 M HCI medium. It is reportédht excellent
inhibition corrosion properties are usually obtaingsing organic compounds that not only offer etewt to

unoccupied orbital’s of the metal but also accege felectrons from the metal by using their anticborbital’s.

This fact proves that the feedback bonds are forbetdeen d orbital’s of steel and inhibitor molesulForming of
feedback bonds increases the chemical adsorptiamhdfitor molecules on the steel surface and soeiases the
inhibition efficiency. Therefore, this could leamlthe conclusion that the strongest feedback bareléormed in the
case of P1. Moreover the band g&g) between the HOMO and LUMO energy levels of thdanales is another
important factor that should be considered [1,64363].

According to the results listed in Table 6, we natemaller absolute value AE (-38.74 eV) is found for P1 and
higher inhibition efficiency. This conclusion is gpood agreement with experimental results (Tab)ewjth the
theoretical calculations (Table.6)

CONCLUSION

From the above results and discussion, the follgwionclusions are drawn:

1. The type molecules have been low-cost and stabtesion inhibitors.

2. Their inhibition efficiency (E%) increases with thencentration for all inhibitors.

3. The inhibitory efficiency is dependent of inhibisestructure of P1 and P2.

4. P1 containing cyano group, as usually excelleribitdr and its inhibition efficiency attain 90.2%nse 10°M.

5. The inhibition efficiency of P1 is temperature degent and the addition of P1 and their additiord l&a an
increase of the activation energy of the corrogimtess.

6. The adsorption of the P1 on the steel surface ifamuoydrochloric acid obeys to the Langmuir adsorpt
isotherm model.

7. High Eyomo and low energy gafE(omo — ELumo) explain the best inhibition efficiency of P1

8. The results obtained from weight loss, potentiodyicgoolarization are in good agreement
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