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Abstract 

A novel class of cationic Gemini surfactants C16 – 2A – C16 (where C16 represents the alkyl chain length of 16) 

synthesized and characterized by FT – IR, H1 NMR. Gemini surfactants aggregation behavior (determine critical micelles 

concentration CMC) were investigated by mean of electrical conductivity and obtained the surface tension at CMC point. 

It was found that C16 – 2A – C16 has superior surface activity. Cationic Gemini surfactant was evaluated as corrosion 

inhibitors for carbon steel in 1M HCl using weight loss, EIS and potentiodynamic polarization measurements. These 

measurements revealed that the synthesized material has served as effective mixed-type corrosion inhibitors. Their 

adsorption on a carbon steel surface was well described by means of the Langmuir adsorption isotherm. The activation 

parameters for the dissolution of carbon steel in solutions of 1M HCl in the absence and presence of these inhibitor were 

calculated. The effect of immersion time on the stability and durability of protective films adsorbed on a carbon steel 

surface was studied using weight loss method.  
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1. Introduction 
In many industrial processes, acid solutions are used to 

remove the undesirable substances and corrosion products 

in metallic materials. Hydrochloric acid is the most used 

acids among the acidic cleaning methods [1]. At the time 

of this process metallic corrosion can also occur. Metallic 

corrosion is the degradation of metals and alloys via an 

electrochemical reaction that occurs with different effects. 

For instance, this metallic degradation causes serious 

economical disadvantages in several industrial fields of all 

countries [2]. In acidic cleaning methods, organic 

corrosion inhibitors are added to the medium to prevent 

the corrosion and to reduce the acid utilization. 
Use of corrosion inhibitors is one of the most 

convenient means for protecting metals against corrosion, 

especially in acidic media [3, 4]. Most organic corrosion 

inhibitors interact with the metal surface through 

heteroatoms, such as nitrogen, oxygen, phosphorus, sulfur, 

aromatic rings, and multiple bonds, which can markedly 

change the corrosion resistance of the metal [5–8]. The 

inhibition efficiency is mainly due to the compatibility and 

affinity of the organic inhibitors with the metal surface, 

and their chemical structure [9]. Among organic inhibitors, 

oxygenated compounds and quaternary ammonium 

compounds are considered to be excellent corrosion 

inhibitors for many metals and alloys in various aggressive 

solutions [10–16]. As a result, exploitation of novel 

gemini surfactants containing oxygen atoms may be a 

good choice. As a new generation of surfactants, gemini 

surfactants have attracted increasing research attention. 

Gemini surfactants consist of two hydrophobic chains and 

two polar headgroups covalently linked by a spacer. It has 

been demonstrated that gemini surfactants exhibit superior 

properties compared with conventional surfactants, such as 

lower critical micelle concentration (CMC) values, higher 

surface activity, better solubility, etc. [17–20]. In recent 

years, increasing research attention has been devoted to 

the corrosion inhibition behavior of gemini surfactants for 

highly viscous or aggressive media. We report herein the 

synthesis of a quaternary ammonium gemini surfactant. 

The CMC was investigated by conductivity and 

tensiometry measurements. The inhibition effect of this 

gemini surfactant for carbon steel was evaluated by weight 

loss measurements in 1.0 M hydrochloric acid solution. 

The results show that this novel corrosion inhibition 

system is very efficient for carbon steel in 1.0 M 

hydrochloric acid solution. The possible adsorption 

mechanism of the Gemini surfactant onto the surface of 

carbon steel in acidic medium was also explored. 

 

 

http://jchemistry.org/
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2. Experimental  

2.1. Material preparation  

Carbon steel samples having composition 0.17% C, 

0.462% Mn, 0.045% P, 0.025% Mo, 0.004% S, 0.103% 

Cr,0.163% Cu and balance Fe were used for corrosion 

inhibition studies.  

The following materials purchased from Sigma – 

Aldrich company: Propylene glycol (99.5 % purity), 

Sodium hydrogen sulfate (98% purity), Epichlorohydrin 

(99.5% purity), petroleum ether dist. (99% purity), ethyl 

acetate (99% purity), Potassium hydroxide (99 % purity), 

33% aqueous diethyl amine, chloroform (99% purity), 

methanol (99.8 % purity), 1-bromo hexa decane (98 % 

purity), absolute isopropyl alcohol (99.7 % purity), 

Hydrochloric acid (37 %) , silica gel high-purity grade 40 

(35-70 mesh). deionized water was used in the preparation 

of all solutions.  

2.2. Synthesis and characterization of gemini 

surfactants  

The gemini surfactants studied were synthesized in 

laboratory following an identical synthetic route. The 

synthesized products were characterized by 1H NMR 

spectra. CDCl3 was used as solvent and chemical shifts 

recorded were internally referenced to TMS (0 ppm). FT- 

IR spectra were measured. The CMC values of the 

surfactant solution were determined from Electrical 

conductivity. The name and molecular structures of the 

synthesized compounds are given in Table 1. 

 

Table (1): Name and molecular structure of gemini surfactants 

NCH2CHCH2OCH2CH2CH2OCH2CHCH2N

H5C2

H5C2
C16H33

Br
OH OH Br

C2H5

C2H5

C16H33

 
N,N'-((propane-1,3-diylbis(oxy))bis(2-hydroxypropane-3,1-diyl)) bis (N,N-

diethylhexaadecan -1- aminium) dibromide 

C16-2A-C16 

 

Surface tension measurement.  

Surface tension measurements were performed using a 

SD Hardson-Kolkata tensiometer by the ring detachment 

method. Prior to each experiment the instrument was 

calibrated at 30 °C with double distilled water. Requisite 

concentrations of (C16-2A-C16) and after this the readings 

were recorded. Force engaged in the complete detachment 

of Pt-Ir ring from the surface film was interpreted as 

surface tension, γ (mN/m). Measurement of γ was 

continued till the equilibrium values are attained. The 

particular concentration at which γ vs. concentration plot 

shows a break approaches to the CMC 

2.3. Weight loss measurements  

The carbon steel coupons of size (3cm x 3.5cm x 0.3cm) 

were machined with a series of emery papers, followed by 

rinsing in acetone and deionized water and then dried in 

air. Prior to any experiment, the substrates were treated as 

described and freshly used with no further storage,  

degreased with acetone, rinsed with bidistilled water and 

finally dried between filter paper. After weighting 

accurately, the specimens were immersed in 100 ml of 0.5 

M HCl with and without different concentrations of 

surfactants at 30 ◦C. After different immersion time (3, 6, 

12, 24, 48 ,72,96 and120 hours), the C-steel samples were 

taken out, washed with bidistilled water, dried between 

filter papers and weighted again.  

The weight loss values are used to calculate the 

corrosion rate. 

 

 

 

2.2.2. Electrochemical measurements  

Three electrochemical techniques, namely 

potentiodynamic polarization and electrochemical 

impedance spectroscopy (EIS), were used to study the 

corrosion behavior. All experiments were conducted in a 

conventional three electrodes glass cell. A Pt electrode as 

counter electrode and a saturated calomel electrode (SCE) 

as reference electrode were used in this study. The C-steel 

specimen was machined in to cylinder and sealed with 

epoxy resin leaving a working area of 0.785 cm2. The 

specimens were polished, degreased and rinsed as 

described in weight loss measurements.  

Potentiodynamic polarization experiments were carried 

out using a autoLab connected to personal computer with 

nova1.11 software for calculation. Nova1.11 calculates 

and displays Ecorr., icorr., βa, βc and the corrosion rate (R) 

in mm per year. All experiments were carried out at 

temperature (30 ± 1 ◦C). Equilibrium time leading to 

steady state of the specimens was 15 min and the open 

circuit potential (OCP) was noted. The potentiodynamic 

curves were recorded from -750 to -150 mV at a scan rate 

2 mV S-1 

3. Results and discussion  

3.1. Characterization of gemini surfactants: FTIR 

spectra of the synthesized compounds(C16-2A-C16) 

showed the following absorption bands at 804.6cm-1 (CH 

bending), 2922.5-2853.5cm-1 (CH stretching), 1382 cm-1 

(CH3 bending), 1466.1 cm-1 (CH2 bending), 1110.1 cm-1 

(C-O aliphatic ether) and 3358 cm-1 (OH alcohol) . The 

FTIR spectra confirmed the expected function groups in 

the synthesized compound (C16-2A-C16). 
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Fig (1): FT-IR spectrum of synthesized compound (C16-2A-C16) 

The 1H-NMR spectra of the synthesized compounds showed different bands at 

 δ PPm = (1.3) OCH2CH2CH2O (2H, CH2); (3.3– 4) OCH2CH2CH2O (4H, CH2) ; (3.3 – 4) CH2O(CH2)3OCH2 (4H, 

CH2) ; (3.4 – 4) CH2CHOH (2H, CH) ; (3.9) CH2CHOH (2H, OH) ; (3.2 – 3.29) CHOHCH2N (4H, CH2) ; (2-3) 

CH2N(CH2CH3)2 (8H, CH2) ; (1.1) CH2N(CH2CH3)2 (12H, CH3); (2-3) N(C2H5)2(CH2) 15 CH3 (52 H, CH2) (0.8 – 0.9) N 

(CH2)15 CH3 (t, 6H, CH3) 

 
Fig (2): 1H-NMR spectrum of compound (C16-2A-C16) 

 

Surface active properties  

Fig. (3) (supporting information) displays the surface 

tension (γ) of aqueous solutions of (C16-2A-C16) as a 

function of concentration (ln C). In the low surfactant 

concentration, the γ decreases distinctly with increasing 

concentration and attains a break point. The intercept of 

two straight lines designates the critical micelle 

concentration (CMC). The surface tension data shown in 

table (2) (supporting information) allow us to calculate 

some physiochemical parameters such as effectiveness 

(πCMC), maximum surface excess (Γmax), minimum surface 

area (Amin). 

ΠCMC = γwater − γCMC.                             (1) 

Γmax=-(1/RT)(dγ/dlnC)                         (2) 

Amin = 1016/N Γmax                               (3) 

where γ = surface tension in mN m−1, R = gas constant 

(J mol−1 K−1), T = absolute temperature, (−dγ/dlnC) = 

slope of the plot of γ vs. log C, and NA = Avogadro’ 

number. 
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Fig. (3): Variation of the surface tension with the synthesized cationic   gemini surfactants concentrations in water at 

30°C. 

Table (2): Critical micelle concentration (CMC), effectiveness (ΠCMC), maximum surface excess (Γmax) and minimum 

area (Amin) of the synthesized cationic gemini surfactant. 

Inhibitors 
CMC x 104 

(mol dm-3) 

γCMC 

(mN m-1) 

ΠCMC 

(mN m-1) 

Γmax x 1011 

(mol cm-2) 

Amin 

(nm2) 

C16-2A-C16 26.48 41 31.3 5.189 319.91 

 

3.2. Weight loss measurements  

The corrosion rate is reduced in presence of C16-2A-

C16 as compared to the free acid solution. Also, the 

corrosion rate increased with increase in temperature. The 

plot of weight loss as a function of time at room 

temperature reveals that the weight loss increases with 

increase in time (Fig.4). The effect of temperature on ηw is 

quite pronounced; the ηw increases with increase in 

temperature.  

The inhibition of carbon steel corrosion by C16-2A-C16 

can be explained in terms of their adsorption on the steel 

surface. The very good efficiency of the compounds is due 

to high degree of surface coverage resulting from their 

adsorption on the steel surface. The strong adsorption in 

case of double chained can be explained on the basis of 

electrostatic interaction between the two ammonium and 

hydroxyl groups and the cathodic sites on the steel surface. 

Considering the effect of temperature on inhibition 

behavior of C16-2A-C16, the efficiency also increases 

with increase in temperature. This pointed to the capability 

of surfactants to inhibit corrosion of steel at low and 

relatively high temperatures. The C16-2A-C16 on steel 

surface are chemically adsorbed on to the carbon steel 

surface which is more favored at higher temperature due to 

lesser kinetic energy barrier. To clear up the influence of 

these inhibitors on the mechanism of inhibition, the 

corrosion inhibition of carbon steel in 1 M HCl at room 

temperature in absence and presence of different 

concentrations of C16-2A-C16 was studied using weight 

loss technique and the data obtained after 120 hrs of 

immersion have been recorded. the corrosion rate (k) was 

calculated using the following equation:  

k = (Wfree - Winh) / At              (4) 

where, k is the corrosion rate, Winh and Wfree are the 

weights loss of specimen in presence and absence of 

inhibitor, respectively, A is the surface area in cm2 and t is 

the time in hours. The degree of surface coverage (Ө) by 

the adsorbed molecules was calculated from equation: 

 Ө = (Wfree - Winh) / Wfree              (5)

  

It was found that the degree of surface coverage (Ө) of 

the inhibitor increases by increasing the inhibitor 

concentration. The inhibition efficiencies (ηw %) of 

cationic gemini surfactants, were determined from 

equation [21, 22]: 

ηw % =(Ө) x 100                       (6) 

from the calculated values of ( ηw  % ) which are given 

in Table (3) 
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Table (3): Effect of inhibitor (C16-2A-C16) concentration on carbon steel corrosion in 1M HCl at 25 οC. 

 

Sample 

No. 
Conc., M 

Weight loss, 

mg/cm2 

ηw 

 (%) 
Ө 

Corr. Rate, 

mg/cm2.hr 

Blank 0.0 1.0508 0 0 0.35167 

(C16-2A-

C16) 

1x10-6 0.5303 49.5337 0.49533689 0.17748 

5x10-6 0.3463 67.0442 0.67044157 0.1159 

1x10-5 0.3064 70.8413 0.70841264 0.10254 

5x10-5 0.1796 82.9083 0.8290826 0.06011 

1x10-4 0.1613 84.6498 0.84649791 0.05398 

5x10-4 0.1364 87.0194 0.87019414 0.04565 

 

 
Fig (4): Relation between weight loss and time of carbon steel in 1M HCl in absence and presence of different 

concentration of compound (C16-2A-C16) at room temperature. 

 

3.3. Adsorption Isotherms  

Adsorption isotherms are very important in determining 

the mechanism of organo-electrochemical reactions. In 

present study, Langmuir adsorption isotherm was found to 

be suitable for the experimental findings. The isotherm is 

described by equation: 

C/θ= 1/ k + θ                                          (7) 

where, θ is the degree of surface coverage, K is the 

equilibrium constant of the adsorption process and C is the 

surfactant concentration. The plots of C/θ versus C for 

carbon steel corrosion in 1M HCl for surfactant C16-2A-

C16 at room temperature is shown in Fig (5). the 

equilibrium constant of the adsorption K is related to 

standard free energy of adsorption by the relation (8): 

K=1/55.5exp(-ΔGads/RT)                    (8) 

The values of adsorption parameters deduced from the 

Langmuir adsorption isotherm (linear regression 

parameters) such as linear regression coefficient, slope and 

adsorptive equilibrium constants are presented in Table 4. 

A linear correlation of slope close to unity suggests that 

adsorption of surfactants on carbon steel interface obeys 

Langmuir adsorption isotherm. The high values of K 

indicate that the C16-2A-C16 are strongly adsorbed on the 

steel surface. 

 

 

Table (4): Parameters from Langmuir adsorption isotherm 

R2 slope Kads. x105 
-ΔGads. 

KJ mol.-1 

1 1.015 40 46.77 
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Fig. (5): Langmuir isotherm adsorption model on the carbon steel surface of (C16-2A-C16) in 1M HCl at room 

temperature. 

3.4. Effect of temperatures 

Effect of temperature is often used to determine whether 

an inhibitor is physically or chemically adsorbed on a 

metal surface to inhibit corrosion. An enhancement in 

inhibition efficiency with rise in electrolyte temperature is 

often associated with chemisorption phenomenon while 

the reverse signifies physisorption. To assess the effect of 

temperature on the corrosion inhibition of mild steel 

without and with C16-2A-C16, weight loss experiments 

were done at 30, 40, 50 and 60 °C using 5x10-4M. 

Inspection of Table (5) reveals that inhibition efficiencies 

increased with increase in solution temperature, 

confirming the ability of surfactants to inhibit corrosion of 

carbon steel in HCl solution at low and relatively high 

temperatures and supports chemisorptions [23], which is 

more favored at higher temperature because of lesser 

kinetic energy barrier. Further, at high temperatures, 

desorption of water molecules from the surface of steel is 

more, resulting in the larger surface area available for the 

adsorption of C16-2A-C16 Gemini surfactant molecule 

[24]. The corrosion inhibition of carbon steel in 1 M HCl 

at 30-60 °C in absence and presence of 5x10-

4concentration of C16-2A-C16 was studied using weight 

loss technique and the data obtained after 24 h of 

immersion have been recorded in Table (5). 

 

Table (5): Effect of temperature on carbon steel corrosion in presence of 5x10-4 M inhibitor (C16-2A-C16) concentration 

in 1M HCl 

Temp. (oC) Weight loss (mg/cm2) 
ηw 

(%) 
Θ 

Corr. rate 

(mg/cm2.hr) 

30 0.0482 91.5808 0.91580786 0.08066 

40 0.0554 95.5909 0.95590927 0.0927 

50 0.0809 96.207 0.96207042 0.13537 

60 0.1301 94.9848 0.94984773 0.2177 

 

 

Kinetic parameters 

 

In order to further elucidate the inhibitive properties of 

C16-2A-C16 gemini surfactant and the dependence of the 

temperature on the corrosion rate, the activation energy, 

Ea, enthalpy of activation, ΔH* and entropy of activation, 

ΔS* was calculated by Arrhenius equation and its 

alternative equation [25] shown as equations (9) and (10). 

The relevant plots for ln k and log k/T of carbon steel 

corrosion in 1M HCl in the absence and presence of 

various concentrations of C16-2A-C16 and at various 

temperatures are shown in Figs (6,7). The computed 

parameters are summarized in Table (6). 

 ln(k)=lnA − Ea/RT                                                          (9) 

 k=
RT
Nh

exp(
*

R

s )exp(-
*

H

RT

)                             (10) 

   

where k = corrosion rate, T = absolute temperature, R = 

universal gas constant. N = Avogadro number, and h = 

Planck’s constant. The lower values of Ea were observed 

for the inhibited systems than that for the uninhibited 

system indicating the chemical adsorption mechanism 

[26,27]. The positive value of ΔH* implies that the 

adsorption is endothermic reaction, which means it is good 

for adsorption when temperature is rising. The value of 

ΔH* is lower than Ea, which means inhibitor has formed a 

stable layer on the steel surface [28]. These results reflect 

that C16-2A-C16 is a good corrosion inhibitor. The 

negative value of ΔS* for C16-2A-C16 can be explained 

in the following way: before the inhibitor molecules were 

adsorbed on the surface of carbon steel, the molecules 

were scattered in the solution. However, as adsorption 
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progressed the inhibitor molecules were orderly adsorbed on the surface, which led to a decrease in entropy [29]. 

 
Fig. (6):  Arrhenius plots (ln k vs. 1/T curves) for carbon steel dissolution in absence and presence of 5x10-4 of (C16-2A-

C16) in 1M HCl solution. 

 
Fig (7): Relationship between log K/T and the reciprocal of the absolute temperature of carbon steel in 1M HCl 

containing 5x10-4 M of series (2A) of cationic gemini surfactants. 

 

Table (6): Activation thermodynamic and adsorption parameters for carbon steel in the absence and presence of 5x10-4M 

of cationic gemini surfactants in 1M HCl at different temperatures. 

 Ea 

kJ mol-1 

ΔH* 

KJmol-1 

ΔS* 

KJmol-1K-1 

Blank 42.5 40.11 112.03 

C16-2A-C16 27.97 25.33 183.24 

 

 

3.6. Potentiodynamic polarization measurements  

The potentiodynamic polarization curves for the 

corrosion of carbon steel in 1M HCl solution in absence 

and presence of different concentration of surfactants are 

shown in Fig (8). The values of electrochemical 

parameters as deduced from these curves e.g., corrosion 

potential (Ecorr) corrosion current density (icorr), cathodic 

Tafel slope (βc), anodic Tafel slope (βa) and % ηp are 

shown in Table (7). The ηp was calculated by using the 

following equation: 

ηp=io
corr.-icorr/io

corr.x100                        (11) 

where, io
corr and icorr are the corrosion current density in 

absence and presence of inhibitors, respectively. The study 

of electrochemical data reveals that the value of icorr 

decreases in presence of additives, the decrease in icorr is 

more pronounced at higher concentration of surfactants. 

The values of Ecorr in presence of surfactants shift to more 

positive values compared to the blank, suggesting the 

dominant role of anodic suppression in the process [30]. 
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There is a change in the values of both βa and βc 

indicating that the corrosion of carbon steel in presence of 

surfactants is under both anodic and cathodic control. The 

values obtained from weight loss and electrochemical 

methods remain slightly different, this may be due to the 

fact that ηp calculated from weight loss method is an 

average value, while the ηp obtained from electrochemical 

method in an instantaneous value rather than an average 

value. The electrochemical results on the whole, are in 

good agreement with the weight loss results. 

 

Table (7): Potentiodynamic polarization parameters for corrosion of carbon steel in 1M HCl in absence and presence of 

different concentrations of compound C16-2A-C16 at room temperature at scanning rate 2 mV s-1. 

 

Conc. of 

inhibitor 

-Ecorr 

mV 

Icorr 

mA cm-2 

βa 

mV dec-1 

βc 

mV dec-1 

Corr. rate 

mm/year 

ηp 

% 

Blank 432 456 76.8 164.4 5.29 --- 

1X10-6 373 149 91 176 1.72 67.3 

5X10-6 362 63.8 156 153 0.74 86.0 

1X10-5 391 57 158 86.7 0.66 87.5 

5X10-5 383 50 157 85.4 0.59 89.03 

1X10-4 384 45 97.4 137 0.52 90.1 

5X10-4 395 40 87.8 154 0.47 91.2 

 

 
Fig (8): Potentiodynamic polarization curves for the carbon steel in 1M HCl in the absence and presence of different 

concentrations of compound C16-2A-C16 at scanning rate 2 mV s-1. 

3.7. EIS measurements  

EIS diagrams for carbon steel in 1M HCl obtained in 

absence and presences of C16-2A-C16 are shown in Fig 

(9) Figure 10 shows the typical fitting results of EIS 

diagram with the provided equivalent circuit where Rs 

represents solution resistance, Rct charge transfer 

resistance, the best fit parameters are shown in Table (8). 

The ηZ was obtained from the following equation. 

ηZ = (Roct-Rct / Roct) X100                             (12) 

where, R0ct and Rct are the charged transfer resistance 

in absence and presence of surfactants, respectively. It is 

apparent that, the increase in surfactants concentration 

brings about an increase in the diameter of the 

semicircular capacitive loop. The increase in Rct values in 

presence of surfactants is attributed to the formation of a 

protective film on the mild steel/HCl solution interface 

[31, 32]. 
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Table (8): EIS parameters for corrosion of carbon steel in 1M HCl in the absence and presence of different 

concentrations of compound C16-2A-C16 at room temperature. 

 

Conc. of inhibitor 

M 

RP 

ohm cm2 

Rs 

ohm cm2 

Rct 

ohm cm2 

ηZ 

% 
Ө 

0.00 33.9 2.04 36.3 -- -- 

1x10-6 80.18 0.17 83.5 56.5 0.56 

5x10-6 178.3 0.17 195.3 81.4 0.81 

1x10-5 294.5 -4.3 285.2 87.2 0.87 

5x10-5 378.7 -1.44 350.4 89.6 0.89 

1x10-4 370.4 0.062 375.3 90.3 0.90 

5x10-4 515.16 -6.3 491.5 92.6 0.92 

 

 
Fig. (9): Nyquist plots for the carbon steel in 1M HCl in the absence and presence of different concentrations of compound 

C16-2A-C16. 

3.8. Scanning electron microscopy (SEM) 

Fig. 10 A shows SEM of the surface of carbon steel 

specimen after immersion in 1M HCl for 24 hrs. in absence 

of inhibitor, while Fig. 10 B shows SEM of the surface of 

another carbon steel specimen after immersion in 1M HCl for 

the same time interval in the presence of 5x10-4 M of the 

compound (C16-2A-C16). The resulting scanning electron 

micrographs reveal that, the surface was strongly damaged in 

the absence of the inhibitor, but in the presence of 5x10-4 M 

of the compound (C16-2A-C16), there is less damage in the 

surface. This confirms the observed high inhibition efficiency 

of compound (C16-2A-C16) at this concentration. 

 

 
A 
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B 

Fig (10): SEM of the carbon steel surface: (A) after immersion in the 1M HCl and (B) after immersion in the 1M HCl in the 

presence of 5x10-4 M of the compound (C16-2A-C16) 

3.9. Energy dispersive analysis of X-rays (EDX)  

The spectrum of the polished carbon steel surface after 

immersion in the 1M HCl in the absence and presence of 

5x10-4 M of the compound (C16-2A-C16) for 24 hrs., is 

shown in Figs. 11A and 11B, respectively. The spectrum 

of Fig. 11B shows that the Fe peak is considerably 

decreased relative to the samples in Fig. 11A and appear 

of oxygen and carbon beaks. This decreasing of the Fe 

band and appearing of oxygen and carbon beaks is 

indicated that strongly adherent protective film of 

compound (C16-2A-C16) formed on the polished carbon 

steel surface, which leads to a high degree of inhibition 

efficiency [33]. Therefore, EDX and SEM examinations of 

carbon steel surface support the results obtained from 

chemical and electrochemical methods that the 

synthesized surfactant inhibitor is a good inhibitor for 

carbon steel in 1M HCl.  

The results of both SEM and EDX techniques confirm 

the formation of a good protective layer on the surface of 

carbon steel in the presence of 5x10-4 M of the compound 

(C16-2A-C16). 

 

 
A 
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B 

Fig (11): EDX of the carbon steel surface: (A) after immersion in the 1M HCl and (B) after immersion in the 1M HCl in 

the presence of 5x10-4 M of the compound (C16-2A-C16). 
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