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The focus of this study is to synthesize new calixarene derivatives namely calix[8]arenes (3a) (P1) and
(2a) (P2), and to test its performance as corrosion inhibitor of steel in molar HCI at 308K. Polarization
and weight loss measurements were used. The inhibition efficiency was found to increase with
calixarene derivatives content to attain 95.14% for (P1) and 80% for (P2) at 10°M. Polarization
curves revealed that calixarene derivatives affect both cathodic and anodic domains by decreasing
current densities and then it may be classified was mixed type inhibitors. The calixarene derivatives
tested is adsorbed on the surface according to the Langmuir adsorption isotherm. Free enthalpy of
adsorption reveals that calixarene derivatives act from physisorption onto the steel surface.
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1. INTRODUCTION

Steel is extensively used in various industrial operations and the study of its corrosion
inhibition in pickling bath is of great importance. The use of inhibitors is one of the practical methods
for protection against corrosion in especially acidic media [1-3]. Most of the effective inhibitors are


http://www.electrochemsci.org/
mailto:hammoutib@gmail.com

Int. J. Electrochem. Sci., Vol. 7, 2012 9005

organic compounds combining nitrogen, oxygen, phosphorous and sulphur in their structures [4-
10].The inhibiting actions of organic compounds are usually attributed to their interactions with the
metal surface via their adsorption. These compounds in general are adsorbed on the metal surface,
blocking the active corrosion sites. Four types of adsorption may take place by organic molecules at
metal/solution interface: (1) electrostatic attraction between the charged molecules and the charged
metal, (2) interaction of unshared electron pairs in the molecule with the metal, (3) interaction of =
electrons with the metal and (4) combination of (1) and (3) [11]. The adsorption ability of inhibitors
onto metal surface depends on the nature and surface charge of metal, the chemical composition of
electrolytes, and the molecular structure and electronic characteristics of inhibitor molecules. Organic
compounds containing functional electronegative groups and = electrons in triple or conjugated double
bonds are usually good inhibitors [12-14]. Calixarenes are macrocyclic compounds made of phenolic
units linked together by methylene bridges [15-17]. They can be functionalized on the upper (the para
position) and lower (the OH groups) rims [15-17]. Calixarenes can exist in several conformations:
cone, partial cone, 1,2-alternate and 1,3-alternate [15-17]. The complexing properties of calixarenes
are depending on their conformation and the functionalities attached to the central core. Thus, due to
the numerous possibilities in functionalization associated to the conformations, they offer a large panel
of ligands useful in different fields of research: chemistry, cosmetology, environmental technologies,
etc [18, 19]. They are investigated as ion-carriers through liquid membranes [20-22]. They are used in
the treatment of waste waters notably concerning the uranium [20, 21, 23, 24]. Similarly, they are used
for decontamination of used waters that is for the removal of toxic cations such as cesium, lanthanides,
and actinides or to neutralized undesired pollutants [20-21, 23-24].

The encouraging results obtained by very similar calixarenes have incited us to plane new route
in synthesis of new calixarene derivatives which may play determinant role in hinder corrosion to
reasonable level [25-27].

This paper is aimed to synthesize a new calyx and to study its application as corrosion inhibitor
of steel in hydrochloric acid solution. This later investigation is conducted by gravimetric, polarization
method and EIS techniques.

2. EXPERIMENTAL PART

2.1. Chemistry

The treatment of the calix[8]arenes (1a-b) with 1,3-propane sultone, during three days at room
temperature, led to the new corresponding water-soluble calix[8]arenes (2a-b) bearing a propane
sulfonic group with excellent yields (98 and 95%, respectively). The reaction of (1a-b) with a pyrane
sultone afforded, after four days, two new calix[8]arenes bearing a butane sulfonic group (3a) in 86
and 98% yields, respectively (scheme 1).
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Scheme 1. Synthesis of new water soluble sulfonated calix[8]arenes 3a (P1)and 2a (P2)

The in situ produced phenolate from n-BuLi in DMSO reacts with the sultone through a ring

opening reaction (scheme 2). The reaction was controled by *NMR spectroscopy and the products were
purified by recristallization in ethanol.
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Scheme 2. Possible pathway of the reaction with the sultone.

The *HNMR spectra of (2b) exhibited three multiplets at 3.17, 1.96, 1.37, ppm corresponding
to the resonance of CH,0, CH,SO3 and C-CH,-CH groups, respectively. The IR spectra showed the
appearence of the new bands at 3207 cm™ (OH), 2935 cm™ (-CH,), 2877 cm™ (Ar-H), 1448 cm™ (Ar-
CH,), 1186 cm™ (CH,0) and 1051 cm™ (S=0). The mass spectra showed a molecular ion at m/z:
1824.37 corresponding to the CgoHgs03,Sg formula.



Int. J. Electrochem. Sci., Vol. 7, 2012 9007

The *"HNMR spectra of (3b) was characterized by the presence of three multiplets at 3.71, 2.35,
1.73 ppm attributed to CH,0O, CH,SO3; C-CH,-CH,-CH groups, respectively. ES/MS shows a
molecular ion at m/z: 1937.49 corresponding to the CggH11,03,Sg formula.

2.2. Material preparation

Corrosion tests have been carried out on electrodes cut from sheets of mild steel. Steel
containing 0.09% P, 0.38% Si, 0.01% Al, 0.05% Mn, 0.21% C, 0.05% S and the remainder iron were
used for the measurement of weight loss and electrochemical studies. The surface preparation of the
specimens was carried out using emery paper nos. 260, 400 and 1200; they were degreased with AR
grade ethanol, acetone and dried at room temperature before use. The solutions (1M HCI) were
prepared by dilution of an analytical reagent grade 37% HCI with doubly distilled water. The solubility
of the tested some sulphuric compounds are about 10~ M in 1M HCI.

2.3. Gravimetric measurements

For weight loss measurements, each run was carried out in a double walled glass cell equipped
with a thermostat-cooling condenser containing 100 ml test solution. The steel specimens used had a
rectangular form (1.5 x1.5 x 0.05 cm), was completely immersed at inclined position in the vessel.
The immersion time for the weight loss was 6h at 308K. After 6 h of immersion, the electrode was
withdrawn, rinsed with doubly distilled water, washed with ethanol, dried and weighed. Duplicate
experiments were performed in each case and the mean value of the weight loss has been reported. The
weight loss was used to calculate the corrosion rate (W) in milligrams per square centimetre per hour
(mg/cm? h).

2.4. Polarisation measurements

Electrochemical measurements were carried out in conventional three- electrode cylindrical
Pyrex glass cell. The working electrode was a disc cut from iron (99.5% purity) sheet. The exposed
area to the corrosive solution was 1 cm?. A platinum electrode and saturated calomel electrode (SCE)
were used, respectively, as auxiliary and reference electrodes. All potentials are given in the SCE
scale. The cell was thermostated at 308K.

The polarisation curves were recorded with a potentiostat type AMEL 550 using a linear sweep
generator type AMEL 567 at scan rate of 30mV/min. Before recording the cathodic potentiokinetic
curves up the corrosion potential, the iron electrode was polarised at 800 mV/SCE for 10min.

However, for anodic polarisation curves, the potential of the working electrode was swept from
its open circuit potential value after 30 min at rest. Solutions were de-aerated with nitrogen. The
nitrogen bubbling was maintained in the solutions during the electrode chemical measurements.
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2.5. Electrochemical impedance spectroscopy (EIS)

The electrochemical impedance spectroscopy (EIS) measurements were carried out with the
electrochemical system (Tacussel) which included a digital potentiostat model Voltalab PGZ 100
computer at Eqr after immersion in solution without bubbling, the circular surface of steel exposing of
1 cm? to the solution were used as working electrode. After the determination of steady-state current at
a given potential, sine wave voltage (10 mV) peak to peak, at frequencies between 100 kHz and 10
MHz were superimposed on the rest potential. Computer programs automatically controlled the
measurements performed at rest potentials after 30 min of exposure. The impedance diagrams are
given in the Nyquist representation.

3. RESULTS AND DISCUSSION

3.1. Weight loss measurements

The corrosion of mild steel in 1M HCI medium containing various concentrations of sulphuric
componds was studied by weight loss measurements. In this case, E (%) is calculated by applying the
following equation:

Wcorr _Wcorr'inh)
E% = x100 )

corr

where Weorr and Weorrinny are the corrosion rates of mild steel in the absence and  presence of inhibitor
molecule, respectively. Table 1 summarizes the corrosion rates (W) of mild steel and the E (%) for
some inhibitors studied at different concentrations. It is obvious from these data that all of these
compounds inhibit the corrosion of mild steel in 1M HCI solution at all concentrations used in this
study and the corrosion rate was seen to decrease with increasing additive concentration at 35°C. At
107 M, E (%) attains 95.14% for P1. Thus, we deduce that this inhibitor is the better inhibitor for the
mild steel and E (%) was found to be in the following order: P1> P2. The difference in their inhibitive
action can be explained on the effect of chain length. We cite in the same context (work of Natalya et
al. 2011). They study the effect of chain length of imidazolium-type ionic liquids [28]. As a result of
this classification and in order to better understand the inhibition mechanism of organic compounds
studied, a detailed study using electrochemical polarisation was carried out.

The inhibition efficiencies obtained can be explained by the length and the nature of the
carbonic chain joining the cycle, the rise of the inhibition efficiency is due to the inductive effect of the
methyl, ethyl and t-Bu groups.
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Table 1. Corrosion parameters obtained from weight loss of mild steel in 1M HCI containing various
concentrations of calixarene derivatives at 308K.

Inhibitors W(mg/cm?.h) Ew (%)

Blank 1 9.003 - -
107 0.4371 95.14 0.9514

P1 5x10™ 1.188 86.80 0.8680
10 3.217 65.00 0.6500
5x107™ 3.315 63.00 0.6300
107 3.725 59.00 0.5900
10° 3.701 58.00 0.5800
107 1.814 80.00 0.8000

P2 5x10™ 3.660 60.00 0.600
10 4.262 53.00 0.5300
5x107° 5.256 52.00 0.5200
10° 4.720 48.00 0.4800
10° 5.860 35.00 0.3500

3.2. Potentiodynamic polarisation

Fig. 1 shows the cathodic and anodic polarisation curves of mild steel in 1M HCI blank
solution and in the presence of different concentrations (10~ to 10~° M) of inhibitors studied. With the
increase of organic compounds concentrations, both anodic and cathodic currents were inhibited. This
result shows that the addition of inhibitor reduces anodic dissolution and retards the hydrogen
evolution reaction.
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Figure 1. Polarisation curves for C38 steel in 1M HCI containing different concentrations of inhibitors
studied at 308K.

Table 2 gives the values of kinetic corrosion parameters as the corrosion potential Ecor,
corrosion current density I, Tafel slope be, and inhibition efficiency for the corrosion of mild steel in
1M HCI with different concentrations of inhibitor.

The inhibition efficiency E, is obtained by:

|
E, =100x|1—-%r

corr

)

lor and 1oy are the corrosion current density values with and without the inhibitor,
respectively, determined by extrapolation of cathodic Tafel lines to corrosion potential.

Table 2. Potentiodynamic polarisation parameters for corrosion of carbon steel in 1M HCI with
various concentrations of inhibitor at 308K.

Inhibitor C(M Ecorr (MV b, (MmV/ dec b, (mV/ dec Leorr (wa/em” E%
HCI 1M -478 -152 78.7 0.5735 --
10°M -512 -117 476 0.0374 93.5

P1 10*M -514 -127 51.9 0.1068 81.4
10°M -451 -385 82.2 0.1474 74.3
10°M -507 -206 84.8 0.177 69.1
10°M -493 -233 84.4 0.3385 40.1
10*M -511 -210 93 0.396 31

P2 10°M -506 -200 92 0.448 21.8
10°M -504 -183 95 0.533 7
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From Table 2, it can be concluded that:

* The l¢or Values decrease with increasing inhibitor concentration.

* The addition of some compounds produces slight changes in the values of Ecor and be. This
indicates [29] that the adsorbed molecules of inhibitor do not affect the mechanism of hydrogen
evolution.

» The values of inhibition efficiency (E%) increase with inhibitor concentration reaching a
maximum value (93.5%) at 10 M.

* The calixarene derivatives were mixed inhibitors.

3.3. Electrochemical impedance spectroscopy measurements

The corrosion behaviour of steel, in acidic solution in the presence of P1 and P2 at different
concentrations was investigated by EIS measurements at room temperature.

As observed, the Nyquist plots contain a depressed semi-circle with the center below the real
X-axis, which is size increased by increasing the inhibitor concentrations, indicating that the corrosion
IS mainly a charge transfer process [30] and the formed inhibitive film was strengthened by the
addition of calixarene compounds . The depressed semi-circle is the characteristic of solid electrodes
and often refers to the frequency dispersion which arises due to the roughness and other
inhomogeneities of the surface [31]. It is worth noting that the change in concentration of calixarene
copounds did not alter the style of the impedance curves, suggesting a similar mechanism of the
inhibition is involved.

Nyquist plots of steel in inhibited and uninhibited acidic solutions containing various
concentrations of sulphuric compounds are shown in Fig.2.

The charge-transfer resistance (R;) values are calculated from the difference in impedance at
lower and higher frequencies. To obtain the double layer capacitance (Cq) the frequency at which the
imaginary component of the impedance is maximal (-Zmax) is found as represented in equation.

Cy= LR Where o = 2ntfiax (3)

The inhibition efficiency obtained from the charge transfer resistance is calculated by:

E(%) = [R%F";—Rtlloo (4)
Yo

Rtand Ryinn are the charge transfer-resistance values with and without inhibitor, respectively.
The charge transfer resistance, R;, the double layer capacitance Cgq, the frequency frax values
were given in Table3.
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The obtaining of the semicircle in the impedance diagrams indicated that the corrosion of steel
is controlled by a charge transfer process. Table 3 shows the impedance parameters obtained by line
fitting to the semicircle. The charge transfer resistance (R;) increases with the inhibitor concentration.
Also, the double layer capacitance (Cgy) decreases with increase in the concentration of the inhibitor.
This decrease is due to the adsorption of the inhibitor at the metal surface causing a change of the
double layer structure [32]. When comparing the inhibition efficiencies obtained from testing methods
used in this study, it can be concluded that there is a fair agreement between results obtained by
different techniques used.
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Figure 2. Nyquist diagrams for steel in 1M HCI with different concentrations of P1 and P2
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Table 3. Parameters corresponding to the Nyquist plots of the impedance data for steel in 1M HCI for
various concentrations of P1 and P2.

Inhibitor  concentration R/ cm?® Cqi / pF em™
HCI(1M) 20 113.7 70 --
10°M 30 82.53 64.28 33.33

P1 10°M 60 50.76 52.25 66.66
10*M 80 38.60 51.53 75.00
10°M 140 22.54 50.42 85.71
10°M 27 111.51 52.86 44.44
10°M 45 70.24 50.35 66.66

P2 10*M 70 47.89 47.47 78.57
10°M 100 51.12 31.13 85.00

3.4. Effect of temperature

In order to study the effect of temperature on the inhibition efficiencies of calixarenes
derivatives, weight loss measurements were carried out in the temperature range 318-348K in absence
and presence of inhibitors at different concentration. The various corrosion parameters obtained are
listed in Table 4.

Table 4. Effect of temperature on the corrosion rate of steel in 1M HCI (W;) without and with P1land
P2 at 10 to 10 ® M and the corresponding corrosion inhibition efficiency.

Inhibitor T (K) cC (M) W (mg/cm®.h) E % 0
blank 1M 1.908 -
107 0.1908 90.00 | 0.9000
318 10" 0.3968 7920 | 0.7920
10° 0.5127 73.00 | 0.7300
10° 0.7441 61.01 | 0.6101
p1 blank 1M 2.092 -
10° 0.3974 81.00 0.8100
328 107 0.7696 6321 | 0.6321
10” 0.8466 59.53 | 0.5953
10° 0.8781 58.02 | 0.5802
blank 1M 3.890 -
338 10° 1.168 70.00 0.7000
10* 1.671 57.04 | 0.5704
10” 2.742 42.05 | 0.4205
10° 2.254 2950 | 0.2950
blank 1M 8.744 -
348 107 4.422 49.00 | 0.4900
10" 5.430 38.00 | 0.3800
10” 6.010 31.00 | 0.3100
10° 7.107 18.00 | 0.1800
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Inhibitor T (K) Cc(M) W (mg/cm®.h) E % 0
blank 1M 1.908 -
10° 0.5504 71.15 0.7115
318 10° 0.9442 50.51 0.5051
10° 1.169 38.73 0.3873
10° 1.377 27.80 0.2780
P2 blank 1M 2.092 -
10° 0.694 66.81 0.6681
328 10* 1.123 46.31 0.4631
10° 1.421 32.03 0.3203
10° 1.660 20.18 0.2018
blank 1M 3.890 -
10° 1.790 54.00 0.5400
338 10" 2.440 37.35 0.3735
10° 2.873 26.12 0.2612
10° 3.320 14.43 0.1443
blank 1M 8.744 -
10° 4.802 45.08 0.4508
348 10 6.281 28.16 0.2816
10° 7.067 19.17 0.1917
10° 8.041 08.03 0.0803

Inspection of Table 4 showed that corrosion rate increased with increasing temperature both in
uninhibited and inhibited solutions while the inhibition efficiency of calexarene derivatives decreased
with temperature. A decrease in inhibition efficiencies with the increase temperature in presence of
calexarene derivatives might be due to weakening of physical adsorption.

In order to calculate activation parameters for the corrosion process, Arrhenius Eg. (5) and
transition state Eq. (6) were used [33]:

Ea
RT AS? AH?
W=—-=¢ =lexp| ——
N PL R PP RT ©)

Where W is the corrosion rate, R the gas constant, T the absolute temperature, A the pre-
exponential factor, h the Plank's constant and N is Avogadro’s number, E, the activation energy for
corrosion process , AH, the enthalpy of activation and AS, the entropy of activation.

The apparent activation energy (E,) at different concentration of calixarene derivatives was
determined by linear regression between Ln W and 1/T (Fig. 3) and the result is shown in Table 5.
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Figure 3. Arrhenius plots for steel in 1M HCI in the absence and presence of P1 and P2

The linear regression coefficient was close to 1, indicating that the steel corrosion in 1M HCI
acid can be elucidated using the kinetic model. Inspection of Table 5 showed that the value of E,
determined in 1M HCI containing inhibitors is higher than that for uninhibited solution. The increase
in the apparent activation energy may be interpreted as physical adsorption that occurs in the first stage
[34]. This suggests a similar inhibition mechanism for the inhibitors. The increase in Ea in case of the
protected steel with the addition the inhibitors of different concentration indicates that the energy
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barrier for the corrosion reaction increases. The increase in Ea of the corrosion process could be
attributed to the adsorption of the inhibitor molecules onto the metal surface which decreases the
interaction between the corrosive medium and the metal surface.

Table 5. The values of activation parameters E,, AH," and AS.’ for mild steel in 1M HCI in the
absence and the presence of different concentrations of P1 and P2.

C Ea AHaO ASaO Ea'AHa
(M) (kJ mol™) (kJ mol™) @ mol*K?h | (kJ mol™)
Blank 47.11 44.56 -45.88 2.55
10° M 70.42 67.66 18.84 2.76

P1 10° M 78.60 75.86 42.64 2.74
10* M 79.07 76.31 42.08 2.76
10° M 96.31 93.53 89.85 2.78
Blank 47.33 44.57 -101.84 2.76

P2 10° M 54.70 51.99 -37.70 2.76
10° M 55.75 53.00 -13.85 2.75
10* M 59.02 56.25 -14.47 2.77
10° M 68.09 65.35 33.23 2.74

Fig. 4 shows a plot of In (W /T) against 1/T in the absence and presence of the inhibitors. A
straight lines are obtained with a slope of (-AH,/R) and an intercept of (Ln R/Nh + AS.’/R) from which
the values of AH.? and AS.’ are calculated, are listed in Table 5. The relationship between the
activation energy E. and activation heat AH,’ against the concentration of inhibitors P1 and P2 is
shown in Fig. 5. From the data obtained in Table 5, it seems that E, and AH,? vary in the same manner,
these results agree those obtained in the literature [35] this result allows verification of the known
thermodynamic reaction between the E, and AH’ :

AH=E,-RT  (7)

The positive signs of the enthalpies (AH.’) reflect the endothermic nature of the steel
dissolution process (Table 5). The entropy of activation AS,’ in the absence of inhibitor is negative and
this value increases positively with the P1. The increase of AS,” implies that an increase in disordering
takes place on going from reactants to the activated complex [36]. For P2 large and negative values of
entropies (AS.°) imply that the activated complex in the rate determining step represents an association
rather than a dissociation step, meaning that a decrease in disordering takes place on going from
reactants to the activated complex [37].
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3.5 Adsorption isotherm and thermodynamic parameters

Assuming the corrosion inhibition was caused by the adsorption of calixarene derivatives, and
the values of surface coverage (0) for different concentrations of Pland P2 in 1M HCI were evaluated
from weight loss measurements using the equation [38]:

Wcorr - Wcorr(in h)
0= W (8)

corr

In order to get a better understanding of the electrochemical process on the metal surface,
adsorption characteristics are also studied for calixarene derivatives. This process is closely related to
the adsorption of the inhibitor molecules [39] and adsorption is known to depend on the chemical
structure [40]. Adsorption isotherms are very important in determining the mechanism of organic
electrochemical reactions. The most frequently used adsorption isotherms are Langmuir, Temkin and
Frumkin.

In hydrochloric acid solution, the organic compound follows the Langmuir adsorption
isotherm. This is as follows:

c 1
—=—4C 9
0K (©)

Where C is the concentration of inhibitor, K is the equilibrium constant of the adsorption
process, and [J is the surface coverage.

From the values of surface coverage, the linear regressions between C/O and C are calculated
and the parameters (adsorption coefficients, slopes, and linear regression coefficients) are listed in
Table 6. Fig. 6 shows the relationship between C/[1[] and C at various temperatures. These results
show that the linear regression coefficients (r) and the slopes are almost equal 1.000, indicating that the
adsorption of inhibitor onto steel surface agrees the Langmuir adsorption isotherm. In addition, the
equilibrium constant of the adsorption process (K) decreases with increasing temperature (Table 6). It
is well known that K designates the adsorption power of inhibitor onto the steel surface; clearly,
calixarene derivatives gives higher values of K at lower temperatures, indicating that it was adsorbed
strongly onto the steel surface. Thus, the inhibition efficiency decreased slightly with the increase in
temperature as the result of the improvement for the desorption of P1 and P2 from the steel surface.
The corrosion inhibition of inhibitors for steel may be well explained by using thermodynamic model,
so, the heat, the free energy and the entropy of adsorption are calculated to elucidate the phenomenon
for the inhibition action of P1 and P2.

According to the Van’t Hoff equation [41-44]:

0

—AH
In K =——=2® + constant (10)
RT
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where AH' .4 and K are the adsorption heat and adsorptive equilibrium constant, respectively.
To obtain the adsorption heat, the linear regression between InK and 1/T is dealt with, the relationship
between InK and 1/T is shown in Fig.7. Under the experimental conditions, the adsorption heat could
be approximately regarded as the standard adsorption heat (AH ,4s) [45]. The obtained value of AH 445
is -20.90 kJmol™ for P1 and -26.26 kdmol™ for P2. The standard adsorption free energy (AGags) IS
obtained according to the following equation [46]:

— AG®
K=—"——exp| —2% 11
55.5 p( RT j 4y

The negative values of AG 445 (Table5) ensure the spontaneity of the adsorption process and
stability of the adsorbed layer on the steel surface [47]. Furthermore, it is found that AGggs Slightly
increases with temperature. The negative values of AH,qgs also show that the adsorption of inhibitor is
an exothermic process [48]. Generally, an exothermic process signifies either physi- or chemisorption
while endothermic process is attributable unequivocally to chemisorption [49]. In an exothermic
process, physisorption is distinguished from chemisorptions by considering the absolute value of a
physisorption process is lower than 40kJmol * while the adsorption heat of a chemisorption process
approaches 100kJmol ~* [50]. In the present case; the standard adsorption heat -20.90 kJmol ““for P1
and -26.26 kJmol *for P2 shows that a comprehensive adsorption (physical adsorption) might occur
[41]. The same results were obtained in previous studies [42].

AHags = -20.90 kJmol ™ for P1 and -26.26 kdmol * for P2 found by the Van’t Hoff equation,
may be also evaluated by the Gibbs—Helmholtz equation, which is defined as follows:

ads _ ads (12)

O(AG,, IT)|  AH,
oT N

which can be arranged to give the following equation:

0 0
AGads — AH ads + A (13)
T T

The variation of AG ,45/T with 1/T gives a straight line with a slope that equals AH 445 (Fig.8). It
can be seen from Fig. 8 that AG 44/ T decreases slightly with 1/T in a linear fashion. The values of AH
ads is negative (AH 445 = -20.90 kdmol * for P1 and -26.26 kdmol *for P2), reflecting the exothermic
behaviour of adsorption on the steel surface. The value of the enthalpy of adsorption found by the two
methods such as Van’t Hoff and Gibbs—Helmholtz relations are in good agreement.
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Figure 6. Langmuir adsorption plots for carbon steel in 1M HCI containing different concentrations of
inhibitors at different temperatures.

Table 6. Adsorption parameters of the linear regression between C/ [J and C of P1and P2.

o T(K) A K r AGoads AHoads ASOads
Inhibitor (kJ mol™) (kJ mol™) (I mol™K™)

318 5.96.10° 167.78.10° 1.06 -42.45 -67.67

328 1.29.10° 77.52.10° 1.07 -41.68 -20.93 -63.26

Pl 338 1.45.10° 68.965.10° 1.15 -42.62 -64.17

348 2.44.10° 40.98.10° 1.20 -42.38 -61.63

318 2.34.107 42.73.10° 1.03 -38.83 -40.28

328 2.82.10° 35.46.10° 1.04 -39.54 -26.02 -41.22

P2 338 3.53.10° 28.33.10° 1.08 -40.12 -41.71

348 5.70.10° 17.54.10° 1.12 -39.9 -39.88
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4. CONCLUSION

This influence of new synthesized calixarene derivatives namely calix[8]arenes (3a) (P1) and
(2a) (P2) on the corrosion of steel in molar HCI conducted the following conclusions :

1. The inhibition efficiency increases with calixarene content to reach 95.14% for (P1) and
80% for (P2) at 10°M.
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2. Polarization curves showed that P1 and P2 acted as mixed type inhibitors by decreasing
current densities.

3. They adsorbed on the surface according to the Langmuir adsorption isotherm.

4. Free enthalpy of adsorption determination suggested that calixarene derivatives acted

by physisorption onto the steel surface.
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