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Inhibition of aluminum corrosion in 1M 
HCl in absence and presence of three 
compounds of non ionic surfactants 
compounds derived from phenol was 
investigated using hydrogen evolu-
tion reaction, weight loss galvanos-
tatic polarization and electrochemical 
impedance spectroscopy techniques. 
It was found that the percentage 
inhibition increases with increasing the concentration of inhibitor, amount of ethylene oxide unit 
and with decreasing temperature. The inhibitive action of non ionic surfactant compounds was 
explained in terms of blocking the electrode surface by adsorption process. The adsorption process 
follows Langmuir isotherm. The polarization measurements showed that these inhibitors are acting 
as mixed inhibitors for both cathodic and anodic reaction. Electrochemical impedance spectroscopy 
technique exhibit one capacitive loop indicating that, the corrosion reaction is controlled by charge 
transfer process. Some activated thermodynamic parameters are calculated and explained.
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1. Introduction

Corrosion of aluminum and its inhibition is very 
important to many researchers due to their high 
technological value and wide range of industrial 
applications especially in aerospace, motor vehi-
cle, house hold industries, pipes, chemical bat-
teries and other studies [1-2]. Hydrochloric acid 
is often used for electrochemical etching and 
acid pickling of Al. Several studies were made 
to decrease the rate of corrosion of Al in HCl by 
adding of corrosion inhibitors. Most of the effi-
cient acid inhibitors are organic compounds con-
tained heterocyclic atoms (nitrogen, oxygen, sul-
phur and phosphours), aromatic rings or multiple 

bonds [4-17]. These compounds are adsorbed at 
metal surface and they block the active site and 
consequently, decreasing the corrosion rate and 
consequently increase the inhibition efficiency 
[19]. The strength of adsorption process depends 
on the chemical structure of the inhibitors and 
its prosperities such as aromaticity, functional 
groups, electron density at the donor atoms-or-
bital‘s characters of donating electrons and the 
number of aromatic rings [20].

The aim of the present work is to study the inhib-
itive action of three non ionic surfactants derived 
from phenol compounds toward the corrosion of 
Al in 1.0 M HCl solution using hydrogen evolution, 
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weight loss and galvanostatic polarization mea-
surements. The percentage inhibition efficiency 
was calculated using the above techniques. The 
adsorption isotherms, the effect of temperature 
and the inhibition mechanism of these com-
pounds was explained.

2. Experimental Methods

The working electrode used in this study was 
aluminium with purity 99.99 % provided by „alu-
minum Company of Egypt, Nagh Ammady“. For 
weight loss measurements and hydrogen evolu-
tion reaction. The test Al sheets having dimension 
2.0 x 1.0 x 0.2 cm3. The sheets were first polished 
with different grades of emery paper in order to 
obtain a smooth surface, and then degreasing 
with acetone and then rinsed with distilled water, 
dried between two filter papers. The procedure 
methods of weight loss and hydrogen evolution 
reaction measurements were carried out as 
described elsewhere [21].

For galvanostatic polarization measurements, 
a cylindrical rod embedded in araldite with 
exposed surface of 0.54 cm2 was used. Galva-
nostatic anodic and cathodic polarization mea-
surements were carried out using a PS remote 
potentiostat with PS6 software to calculate the 
corrosion parameters. Three compartment cell 
with a saturated calomel reference electrode 
and platinum foil auxiliary electrode was used. 
The polishing, degreasing and washing of the Al 
electrode as explained in the above techniques. 
Solutions were not deaerated to make the con-
ditions identical to hydrogen evolution measure-
ments and weight loss. All the experiments were 
carried out at 25±1oC by using ultra circulating 
thermostat. Three non ionic surfactants derived 
from phenol compounds were prepared using a 
method described elsewhere [22]. Electrochem-
ical impedance spectroscopy (EIS) were carried 

out at open circuit potential (Eocp) in the fre-
quency range from 10 kHz to 100 MHz with signal 
amplitude perturbation of 5 mV by using a com-
puter potentiostat (AutoLab 30 Metro).

The chemical structure of three non ionic surfac-
tants derived from phenol compounds.

Compounds
Compound I 

4-(3, 6, 9, 12-tetraoxatetracosyloxy)phenol

Structure

Compound II 

4-(3, 6, 9, 12, 15, 18-hexaoxatriacontyloxy)phenol (II)

Structure

Compound III 

4-(3, 6, 9, 12, 15, 18, 21, 24-octaoxahexatriacontyloxy) 
phenol

Structure

3. Results and discussion

3.1. Hydrogen evolution reaction 
measurement

Figure 1 represents the relation between the 
volume of hydrogen evolved with time during 
dissolution of Al in 1.0 M HCl solution in absence 
and presence of different concentrations of com-
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pound III as an example of the tested non ionic 
surfactants derived from phenol compounds. 
Similar curves were obtained for other two 
compounds I and II (not shown). Inspection of 
Figure 1, reveals that the volume of hydrogen 
evolved increases linearly with the time. The rate 
of the evolution is very small at the beginning of 
the reaction and after certain time called induc-
tion period, the volume of H2 evolved increases. 
During the induction period, the breakdown 
of pre-immersion oxide film on Al surface takes 
place before the start of metal attack. After induc-
tion period the dissolution of Al is linearly related 
to the reaction time according to the following 
equation:

Equation 1: VH2 = Kt

where, V is the volume of H2 evolved due to 
the corrosion of Al in 1.0 M HCl solution at 
time (t) and K is the rate constant of the corro-
sion reaction. The corrosion rate was obtained 
from the slope of the straight portion of curves 
after induction period. As the concentration of 
non- ionic surfactants compounds increases the 
rate of hydrogen evolution reaction decrease 
and hence the rate of corrosion decreases and 
the inhibition efficiency increases. This indicates 
that the inhibiting effect of non ionic surfactants 
compounds.

The percentage inhibition efficiency (% IE) was 
calculated using the following equation:

Equation 2: % IE = [1- Rfree / Radd]100

where, Rfree and Radd are the corrosion rate of Al 
coupons in absence and presence of inhibitors, 
respectively.

The values of inhibition efficiency were calculated 
and given in Table 1. At one and the same inhib-

itors concentration the values of IE decreases in 
the following order:

Compound III > Compound II > Compound I

This order will be discussed later.

3.2. Weight loss measurements

Figure 2 shows the weight loss- time curves for 
the corrosion of aluminum in 1.0 M HCl solution in 
absence and presence of different concentrations 
of compound III at 25±1oC as an example of the 
studied inhibitors. Similar curves were obtained 
(not shown). The weight loss of Al are decreased. 
This means that the presence of these compounds 
retards the corrosion of aluminum in 1 M HCl solu-
tion. These compounds act as an inhibitors.

The linear variation of weight loss with time in 
uninhibited and inhibited 1 M hydrochloric acid 
indicates the absence of insoluble surface films 
during corrosion. In the absence of any surface 
films, the inhibitors are first adsorbed onto the 
metal surface and thereafter impede corrosion 
either by merely blocking the reaction sites 
(anodic and cathodic) or by altering the mecha-
nism of the anodic and cathodic partial processes.

The percentage inhibition efficiency (% IE) and a 
parameter (θ) which represents the part of the 
metal surface covered by the inhibitor molecules 
were calculated using the following equations:

Equation 3: 

 
Equation 4: 

where, Wfree and Wadd are the weight loss of Al 
coupons in absence and presence of inhibitors, 
respectively.



Journal for Electrochemistry and Plating Technology 5

July 2014  Eugen G. Leuze Verlag  |  www.jept.de

Tab 1.: Effect of compounds on rate of corrosion (Rcorr.), inhibition efficiency (% IE) and surface coverage (θ) obtained from weight 
loss and hydrogen evolution measurements for dissolution of Al in 1.0 M HCl solution.

Inhibitor 
System

Concentrations
Rcorr. 

mg cm-2 min-1
% IE 

from Weight Loss
Θ

% IE 
from H2 Evolution

1.0 M HCl 
+ 

Compound I

0 ppm 0.377 - -

100 ppm 0.126 66.57 0.666 67.86

200 ppm 0.107 71.62 0.716 72.84

300 ppm 0.091 75.86 0.759 76.98

400 ppm 0.069 81.69 0.817 81.84

500 ppm 0.052 86.20 0.862 87.56

1.0 M HCl 
+ 

Compound II

100 ppm 0.105 72.14 0.721 69.88

200 ppm 0.088 76.65 0.766 74.34

300 ppm 0.074 80.37 0.780 79.42

400 ppm 0.055 85.14 0.851 84.75

500 ppm 0.043 88.59 0.886 89.86

1.0 M HCl 
+ 

Compound III

100 ppm 0.098 74.00 0.740 73.84

200 ppm 0.077 79.57 0.795 78.46

300 ppm 0.062 83.55 0.835 83.07

400 ppm 0.046 87.79 0.878 88.69

500 ppm 0.035 90.72 0.907 91.76

Fig. 2: Weight loss-time curves for the corrosion of aluminum 
in 1.0 M HCl in the absence and presence of different concen-
trations of compound III at 25oC.
(1) 0.00 ppm compound III, (2) 100 ppm, (3) 200 ppm, 
(4) 300 ppm, (5) 400 ppm, (6) 500 ppm

Fig. 1: Volume of hydrogen evolved-time curves for the corro-
sion of aluminum in 1.0 M HCl in the absence and presence of 
different concentrations of compound III at 25oC.
(1) 0.00 ppm compound III, (2) 100 ppm, (3) 200 ppm, 
(4) 300 ppm, (5) 400 ppm, (6) 500 ppm
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The calculated values of % IE at 30oC are listed 
in Table 1. The order of decreasing inhibition 
efficiency of the investigated compounds is as 
follows:

Compound III > Compound II > Compound I

This sequence will be discussed later in the 
inhibition mechanism section.

3.3. Adsorption Isotherm

Non ionic surfactants derived from phenol 
compounds inhibit the corrosion of Al in acidic 
solutions by its adsorption on the aluminum 
surface. Theoretically, the adsorption process 
can be regarded as a single substitution pro-
cess in which an surfactant molecule, in the 
aqueous phase substitutes an „x“ adsorbed on 
the metal surface

Equation 5: 
Surfactant(aq) + xH2O(sur) Surfactant(sur) + xH2O(aq)

where x is the size ratio that is, the number 
of water molecules replaced by one organic 
inhibitor. The adsorption depends on the 
structure of the inhibitor, the type of the 
metal and the nature of its surface, the nature 
of the corrosion medium, the pH value, the 
temperature and the electrochemical poten-
tial of the metal-solution interface. Also, the 
adsorption provides information about the 
interaction among the adsorbed molecules 
themselves as well as their interaction with 
the metal surface.

Attempts were made to fit the surface cov-
erage (θ) to various isotherm including Lang-
muir, Freundlich, Frumkin, Temkin and Flo-
ry-Huggins. By far the best results is obtained 
with Langmuir adsorption isotherm and can 

 

be represented using the following equation 
[23]: 

Equation 6: 

where K and C represent the equilibrium constant 
of adsorption process and additive concentra-
tions respectively. Plotting  against C gave 
straight lines with unit slope (Fig. 3) suggesting 
that the adsorption of non ionic surfactants 
derived from phenol compounds on the alumi-
num surface follows Langmuir isotherm. This indi-
cates that there are no interaction or repulsion 
forces occurred between the adsorbed mole-
cules.

The values of K is obtained from the intercept 
of Figure 3. The values of K is related to the free 
energy of adsorption according to the following 
equation:

Equation 7: K = 1/55. 5 exp (∆Go
ads /RT)

where R is the universal gas constant is the abso-
lute temperature and 55.5 in the concentration 
of water in bulk solution M-1. The values of K are 

Fig. 3: Langmuir adsorption isotherm for aluminum electrode 
in 1.0 M HCl solution in absence and presence of non ionic 
surfactant compounds
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equal to 0.02, 0.05 and 0.11 for compounds I, II 
and III, respectively. The high value of K indicates 
that the strong adsorption of non ionic surfac-
tants compounds on the Al surface.

The calculated values of ∆Go
ads for non ionic 

surfactants compounds derived from phenol 
adsorbed on the aluminum surface are equal 
to –22.56, –23.48 and –24.62 kJ mol–1 for com-
pounds I, II, and III, respectively.

The free energy change of adsorption is associ-
ated with water adsorption/desorption equilib-
rium which forms an important part in the overall 
free changes of adsorption. The negative value 
of ∆Go

ads obtained indicates that the adsorption 
process of non ionic surfactants on the aluminum 
surface is spontaneous one.

3.4. Effect of temperature

The effect of increasing temperature on the cor-
rosion rate of Al in free 1 M HCl and containing 
500 ppm of three non ionic surfactants com-
pounds was tested in the temperature range of 
25-55 °C using weight loss measurements. Similar 
curves to Figure 1 were obtained (not shown). 
The effect of temperature on the Rcorr and % IE 
are listed in Table 2. It is obvious from the data 
listed in Table 2. The values of Rcorr increases and 
the inhibition efficiency decreases. This indicates 
that the adsorption of non ionic surfactant on the 
Al surface is physically.

The activation energy (Ea) of the corrosion pro-
cess was calculated using Arrhenius equation [24]

Equation 8: Rcorr = Aexp(-Ea
*/RT)

and the logarithmic form is

Equation 9: log Rcorr = log A + 

where Rcorr is the rate of corrosion obtained from 
weight loss, A is Arrehenius constant, R is the gas 
constant and T is the absolute temperature.

Figure 4 represents the plots of logarithm of cor-
rosion rate (log Rcorr), with reciprocal of absolute 
temperature (1/T) for aluminum 1.0 M HCl con-
taining 500 ppm of the studied surfactants com-
pounds. The values of Ea can be obtained from 
the slope of the straight lines were found to be 
20.4 KJ mol-1 in 1.0 M HCl and 22.8, 24.6 and 
25.9 kJ mol-1, for compounds I, II and III, respec-
tively.

The increase of the activation energy in the 
presence of inhibitors is attributed to an appre-
ciable decease in the adsorption process of the 
inhibitors on the metal surface with increase of 
temperature and a corresponding increase in the 
reaction rate because of the greater area of the 
metal that is exposed to the acid.

The entropy of activation (∆S*) and the enthalpy 
of activation (∆H*) for dissolution of Al in 1 M HCl 

 
 
Fig. 4: Relation between log Rcorr and the reciprocal of tem-
perature of Al electrode in 

a) 1.0 M HCl
b) 1.0 M HCl + 500 ppm of the studied compounds
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in presence of 500 ppm of each used compound 
were obtained by applying the transition state 
equation [24].

Equation 10: 
Rcorr = (RT/Nh) exp (∆S*/R) exp (-∆H*/RT)

where N is Avogadro‘s number, h is Planck‘s constant.

Figure 5 represents the relation between the 
logarithm of (log Rcorr/T), with reciprocal of 
absolute temperature (1/T) for aluminum 
1.0 M HCl containing 500 ppm of the stud-
ied compounds. Straight lines were obtained 
with a slope of (-∆H*/2.303 R) and an intercept 
[log (R/Nh -∆So/2.303 R)]. The values of ∆H* 
obtained from the slope of the straight line equal 
17.46 KJ mol-1 in 1 M HCl and equal 19.77, 20.45 
and 22.66 KJ mol-1 in presence of compound I, II 
and III, respectively.

The values of ∆H* are different for studied com-
pounds which mean that their structure affect the 

 
Fig. 5: Relation between log Rcorr/T and the reciprocal of tem-
perature of Al electrode in

a) 1.0 M HCl
b) 1.0 M HCl + 500 ppm of the studied compounds

strength of its adsorption on the metal surface. 
The increase in the activation enthalpy (∆H*) in 
presence of the inhibitors implies that the addi-
tion of the inhibitors to the acid solution increases 
the height of the energy barrier of the corrosion 
reaction to an extent depends on the type and 
concentration of the present inhibitor. The values 
of ∆S* calculated from the intercept of the straight 
line were found to 185.77 J mol-1 k-1 in 1.0 M HCl 
and 276.14, 285.23 and 298.76 J mol-1 K-1 for com-
pound I, II and III, respectively.

The negative values of ∆S* in the absence and 
presence of the inhibitors implies that the acti-
vated complex is the rate determining step and 

Tab. 2: Effect of rising temperature on the corrosion rate and 
percentage inhibition efficiency for the corrosion of Al in 
1.0 M HCl solution devoid and containing 500 ppm of non 
ionic surfactants using weight loss measurements.

Inhibitor Temp. oC
Rcorr, 

mg cm-2 min-1 % IE

1.0 M HCl

25 0.377 -

35 0.468 -

45 0.625 -

55 0.684 -

1.0 M HCl 
+ 

500 ppm 
compound I

25 0.052 86.20

35 0.073 84.40

45 0.102 83.68

55 0.118 82.74

1.0 M HCl 
+ 

500 ppm 
compound II

25 0.043 88.59

35 0.062 86.75

45 0.093 85.12

55 0.108 84.21

1.0 M HCl 
+ 

500 ppm 
compound III

25 0.035 90.72

35 0.048 89.74

45 0.072 88.48

55 0.088 87.13
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represents association rather than dissociation. It 
is also reveals that an increase in the order takes 
place in going from reactants to the activated 
complex. This means that the activated molecules 
are in high order state than that at the initial stage 
[25].

3.5. Galvanostatic polarization

The effect of addition of three non ionic surfac-
tant compounds on the galvanostatic polariza-
tion curves of Al in 1.0 M HCl solution was stud-
ied. Figure 6 shows the glvanostatic polarization 
curves of aluminum in 1.0 M HCl solution in the 
absence and presence of different concentrations 

Fig. 6: Anodic and cathodic polarization curves of aluminium 
electrode in 1 M HCl solution in the absence and presence 
compound III. 
(1) 0.00 ppm compound III, (2) 100 ppm, (3) 200 ppm, 
(4) 300 ppm, (5) 400 ppm, (6) 500 ppm

Tab. 3: Corrosion parameters obtained from potentiodynamic polarization technique for aluminum electrode in 1.0 M HCl in the 
absence and presence of non ionic surfactant compounds.

Inhibitor
Concentrations 

ppm
bc 

mV dec-1
ba 

mV dec-1
-Ecorr. 

mV(SCE)
Icorr. 

μA cm-2 % IE

Compound I

0 322 655 810 1842 -

100 328 652 804 602 67.32

200 326 650 798 522 71.66

300 334 648 795 476 74.15

400 330 650 793 338 81.65

500 334 646 790 232 87.40

Compound II

0 322 655 810 1842 -

100 330 650 805 546 70.35

200 328 646 798 423 77.03

300 330 641 792 338 81.65

400 326 840 788 268 85.45

500 320 648 786 205 88.87

Compound III

0 322 655 810 1842 -

100 316 642 801 488 73.50

200 324 646 795 406 77.95

300 320 652 786 348 81.11

400 321 648 778 226 87.73

500 318 650 770 178 90.33
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of compound III as an example of the studied non 
ionic surfactants compounds. Similar curves were 
obtained for other two compounds (not shown). 
The corrosion parameters such as, anodic Tafel 
slope (βa), cathodic Tafel slope (βC), corrosion 
potential (Ecorr), corrosion current density (Icorr), 
and inhibition efficiency (I.E.) were calculated and 
given in Table 3.

The percentage inhibition efficiency (% IE) was 
calculated from corrosion current density values 
using the equation.

Equation 11: 

where, Ifree and Iadd are the corrosion current den-
sities in absence and presence of inhibitors.

Inspection of Table 3 reveals that, as the con-
centration of non ionic surfactants compounds 
increases, it is clear that,

I. Values of anodic (ba) and cathodic (bc) Tafel 
slopes are approximately constant indicat-
ing that these compounds are of mixed type 
inhibitors. The constant values of Tafel slopes 
indicates that the adsorption of non ionic sur-
factants at the aluminum surface according to 
blocking adsorption mechanism. 

II. Values of Ecorr is shifted to more negative 
potentials, the values of Icorr decreases and 
values of IE increases indicating the inhibiting 
effect of these compounds. 

III. The inhibition efficiency of non ionic sur-
factants decreases in the following order: 
compound III > compound II > compound I

The efficiencies obtained from the galvanostatic 
technique were in good agreement with those 
obtained from the weight loss and hydrogen evo-

lution reaction measurements. This proves the 
validity of this tools in the measurements of the 
investigated inhibitors.

3.6. Electrochemical impedance studies (EIS)

Electrochemical impedance measurements were 
carried out over the frequency range from 10 kHz 
to 100 MHz at open circuit potential. The sample 
equivalent Randle circuit for the studies is shown 
in Figure 7, where Rs (Ω cm2) represents the solu-
tion and corrosion products film in series with the 
parallel combination of resistor Rct (charge trans-
fer resistance) and capacitor Cdl (double layer 
capacitance) which represents the corroding 
interface.

Fig. 7: Electrical equivalent circuit (Rs = uncompensated 
solution resistance, Rct = charge transfer resistance, and 
Cdl = double layer capacitance).

Fig. 8: The Nyquist plots for Al in 1.0 M HCl solution in absence 
and presence of compound III at 30oC.
(1) 0.00 ppm, (2) 100 ppm, (3) 200 ppm, (4) 300 ppm, 
(5) 400 ppm, (6) 500 ppm.
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The effect of addition of three non ionic surfac-
tant compounds on the electrochemical imped-
ance spectroscopy technique of Al in 1.0 M HCl 
solution was studied. Figure 8 shows the com-
plex-plane impedance plots (Nyquist plots) for Al 
in 1.0 M HCl solution in the absence and pres-
ence of various concentrations of compound III 
at 30oC as an example of the studied non ionic 
surfactants compounds. Similar curves were 
obtained for other two compounds (not shown). 
As it can be seen from this Figure 8, the Nyquist 
plots contain depressed semi-circle with the 
centre under the real axis, whose size increases 
with the inhibitor concentration, indicating a 
charge transfer process mainly controlling the 
corrosion of Al. Such behaviour, is characteris-
tic for solid electrodes and often refers to a fre-

quency dispersion, has been attributed to rough-
ness and other in homogeneities of the solid 
surface [26, 27]. It is apparent, from these plots 
that the impedance response of Al in uninhibited 
acid solution has significantly changed after the 
addition of inhibitor compound in the corrosive 
solutions.

This indicated that the impedance of the inhib-
ited substrate has increased with increasing 
concentration of inhibitor. The characteristic 
para associated to the impedance diagrams 
(Rct and Cdl) and % IE are given in Table 4. The 
percentage inhibition efficiency % IE was calcu-
lated from the following equation

Equation 12: IE % = [1 - (R°ct / Rct)] × 100

Tab. 4: Electrochemical parameters obtained from by electrochemical impedance spectroscopy technique for aluminum elec-
trode in 1.0 M HCl solution in absence and presence of various concentrations of three non ionic surfactants derived from 
phenol compounds

Inhibitor 
System

Concentrations
Rs 

(Ω cm²)
Rct 

(Ω cm²)
Cdl 

(µF cm-2)
% IE

Blank 1 M HCl 1.43 56 170 -----

Compound I

100 ppm 1.36 180 188 69.00

200 ppm 1.28 200 163 72.00

300 ppm 1.21 236 143 76.30

400 ppm 1.13 313 111 82.10

500 ppm 1.06 441 92 87.30

Compound II

100 ppm 1.32 211 176 73.50

200 ppm 1.24 273 153 79.50

300 ppm 1.11 311 123 82.00

400 ppm 1.08 437 101 87.20

500 ppm 1.01 477 71 88.30

Compound III

100 ppm 1.28 293 161 80.85

200 ppm 1.19 350 149 84.00

300 ppm 1.11 517 108 89.00

400 ppm 1.03 528 94 89.50

500 ppm 0.94 651 81 91.40
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where, R°ct and Rct are the uninhibited and inhib-
ited charge transfer resistance, respectively. The 
results obtained from the decrease of the local 
dielectric constant and/or from the increase 
of thickness of the electrical double layer sug-
gested that the EIS data (Tab. 4) show that the 
Rct values increases and the Cdl values decreases 
with increasing the inhibitor concentrations. This 
is due to the gradual replacement of water mol-
ecules by the adsorption of the inhibitor mole-
cules on the metal surface, decreasing the extent 
of dissolution reaction. The higher (Rct) values, 
are generally associated with slower corroding 
system [28].

The decrease in the Cdl can inhibitor molecules 
function by adsorption at the metal/solution 
interface. The IE% obtained from EIS measure-
ments are close to those deduced from polar-
ization measurements. The order of inhibition 
efficiency obtained from EIS measurements 
decreases in the following sequence is III > II > I.

3.7. Mechanism of inhibition

The corrosion inhibition of Al in 0.1 M HCl solu-
tion by three non ionic surfactant compounds 
as indicated from hydrogen evolution reac-
tion, weight loss and galvanostatic polariza-
tion techniques were found to depend on the 
concentration and nature of the inhibitor. The 
observed corrosion parameters in the presence 
of non ionic surfactant compounds, namely, the 
volume of hydrogen evolution reaction, weight 
loss and the corrosion current density decreases 
and hence, the percentage inhibition efficiency 
increase.

The transition of metal/solution interface from a 
state of active dissolution to the passive state can 
be attributed to the adsorption of the inhibitor 
molecules at the metal/solution interface, form-

ing a protective film. It is well recognized that 
the non ionic surfactant compounds set up their 
inhibition action via the adsorption of the inhibi-
tor molecules onto the metal/solution interface. 
The adsorption process occurred through ethoxy 
groups on both the anodic and cathodic areas 
while the hydrocarbon parts protrude brush-like 
into the solution. One cannot exclude, however, 
the possible adsorption of these compounds via 
π-electrons of the double bonds present in the 
benzene ring. The presence of more than one 
double bond in the inhibitor molecule is benefi-
cial to inhibition efficiency [29].

The percentage inhibition efficiency obtained 
from different techniques increased with an 
increase in the number of ethylene oxide unit in 
the following order:

Compound III > II > I

Number of ethylene oxide unit 7 > 5 > 3

The increase in concentration of the inhibitor 
would result in a lowering of the interfacial ten-
sion at the metal surface. This lowering in the 
interfacial tension is thought to cause a decrease 
of the bulk concentration of the inhibitor and an 
increase in its concentration at the metal surface.

4. Conclusions

1. Non-ionic surfactants derived from phenol 
inhibit the corrosion of Al in 1 M HCl solution.

2. The percentage inhibition efficiency increases 
with concentration of inhibitor, number of 
ethylene oxide and decreasing temperature.

3. The inhibitors acted as mixed –type inhibitors 
and the inhibition is caused by active sites 
blocking effect.
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4. The inhibition was explained due to the 
adsorption of these compounds on the Al 
surface. The adsorption of inhibitors obeyed 
Langmuir isotherm.

5. Electrochemical impedance spectroscopy indi-
cates that the corrosion reaction is controlled 
by charge transfer process.
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