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ABSTRACT
The corrosion inhibition of aluminum in (1M ) hydrochloric acid solution in the
presence of Hexadecyltrimethyl ammonium bromide (CTABr) at temperature range of
30o – 50 Cowas studied using galvanostatic polarization techniques. The results showed
that the inhibition occurs through adsorption of the inhibitor molecules on the metal
surface. The inhibition efficiency (%IE)was found to increase with increasing inhibitor
concentration (2*10 -6 M – 12*10-6 M) and decreased with increasing temperature. The
behavior of these compounds on the metal surface was found to obey Temkin
adsorption isotherm. Thermodynamic parameters for adsorption and activation
processes were determined. Galvanostatic polarization data indicated that these
compounds act as mixed- type inhibitors. Phenomenon of physical adsorption is
deduced from the obtained values of Ea*andΔGads.
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ﺗﺜﺒﯿــﻂ ﺗﺄﻛﻞ اﻻﻟﻤﻨﯿﻮم ﻓﻲ ﺣﺎﻣﺾ اﻟﮭﯿﺪورﻛﻠﻮرﯾﻚ ﺑﺎﺳﺘﺨﺪام اﻟﻤﺜﺒﻂ ھﯿﻜﺴﺎدﯾﻞ
(CTABr ) ﺗﺮاي ﻣﺜﯿﻞ اﻣﻮﻧﯿﻮم ﺑﺮوﻣﺎﯾﺪ
اﻟﺧﻼﺻﺔ
 ﻣوﻻري ( ﻣن ﺣﺎﻣض اﻟﮭﯾدروﻟﯾك ﺑوﺟود اﻟﻣﺛﺑط1 ) ﺗﻣت دراﺳﺔ ﺗﺛﺑﯾط ﺗﺎﻛل اﻻﻟﻣﻧﯾوم ﻓﻲ ﻣﺣﻠول
. درﺟﺔ ﺳﯾﻠﯾزﯾﺔ( ﺑﺎﺳﺗﺧدام ﺗﻘﻧﯾ ﺎت اﻻﺳ ﺗﻘطﺎب50  اﻟﻰ30 ( ﻓﻲ ﻧطﺎق درﺟﺎت اﻟﺣرارة ) ﻣنCTABr)
 وﺟد ان ﻛﻔﺎءة.اظﮭرت اﻟﻧﺗﺎﺋﺞ ان اﻟﺗﺛﺑﯾط ﯾﺣدث ﻋن طرﯾق اﻣﺗزاز ﺟزﯾﺋﺎت اﻟﻣﺛﺑط ﻋﻠﻰ اﻟﺳطﺢ اﻟﻣﻌدﻧﻲ
 ﻣوﻻري( وﺗﺗﻧ ﺎﻗص6-10*12 -  ﻣوﻻري6-10*2 ) اﻟﺗﺛﺑﯾط ﺗزداد ﻣﻊ اﻟزﯾﺎدة ﻓﻲ ﺗرﻛﯾز اﻟﻣﺛﺑط اﻟﻣﺳﺗﺧدم
 وﺟد ان ﺳﻠوك ھذه اﻟﻣواد ﯾﻧطﺑق ﻣﻊ ﻣودﯾل.ﻣﻊ زﯾﺎدة درﺟﺎت اﻟﺣرارة
 ﺗ م ﺣﺳ ﺎب اﻟﻣﻌﺎﻣ ل اﻟﺛرﻣودﯾﻧﺎﻣﯾﻛﯾ ﺔ ﻟﻼﻣﺗ زاز و اﻟﺗﻧﺷ ﯾط.( Temkin )  ( اﻟﺧﺎص ﺑﺎﻟﻌ ﺎﻟمIsotherm )
ﺣﯾث اﺷﺎرت اﻟﺑﯾﺎﻧﺎت اﻟﻣﺄﺧوذة ﻣن ﺟﮭﺎز اﻻﺳﺗﻘطﺎب ) اﻟﻛﻠﻔﺎﻧوﺳﺗﺎت ( ان ھذه اﻟﻣﻛوﻧﺎت ﺗ ؤﺛر ﻛﻣﺛﺑط ﺎت
 ﯾﺛﺑ ت ﺑ ﺎن اﻻﻣﺗ زاز اﻟ ذيΔGads  و اﻟطﺎﻗ ﺔ اﻟﺣ رةEa* ﻣزدوﺟﺔ و ان اﻟﻘﯾم اﻟﻣﺳﺗﺧﻠﺻﺔ ﻟطﺎﻗ ﺔ اﻟﺗﻧﺷ ﯾط
. ﯾﺣدث ھو اﻣﺗزاز ﻓﯾزﯾﺎﺋﻲ
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INTRODUCTION
luminum and its alloys have a remarkable economic and attractive materials
for engineering applications owing to its low cost, light weight high thermal
conductivity(1). The interest of the materials arises from their importance in
recent civilization. Inhibition of metal corrosion by organic compounds is a result of
adsorption of organic molecules or ions at the metal surface form a protective layer.
This layer reduces or prevents corrosion of the metal. The extent of adsorption depends
on the nature of the metal, the metal surface condition the mode of adsorption, the
chemical structure of the inhibitor and the type of corrosion media. To prevent the
attack of acid, it is used to add a corrosion inhibitor to decrease the rate of Al
dissolution in the solutions. Thus, many studies concerning the inhibition of Al
corrosion using organic substances are conducted in acidic and basic solutions(2). The
present study aims to investigate theinhibition efficiencyof Hexadecyltrimethyl
ammonium bromide CTABr for Al in HCL.It is also aimed to investigate the effects of
the concentration and temperature on the inhibition efficiency of the studied inhibitor.

A

EXPERIMENTAL WORK
The experiments were performed on Aluminum of 99.2 % purity. The aluminum
metal has the chemical composition given in Table (1).
Table(1) The chemical composition of Aluminum (weight% )(3).

Fe
0.45

Aluminum Al 1100
Cu
Mn
0.05-0.20
0.05

Zn
0.10

Al
99.2

The measurements were performed in 1M HCl without and with inhibitor
(CTABr)in the concentration values of 2*10-6 , 4*10-6 , 8*10-6 , 12*10-6 M.
Aluminum sheets with surface area 1.0 cm2 were used for galvanostatic polarization
experiments. For anodic and cathodicTafel polarization measurements. Prior to each
experiment, the surface of Al was mechanically polished with different grades of
emery paper in order to obtain a smooth surface followed by ultrasonically degreasing
with ethanol, then rinsed with distilled water and finally dried. The temperature was
controlled at 30±0.1 OC. Polarization curves were obtainedgalvanostatically using
(parstat2273)galvanostate.
Three compartment cell with a saturated calomel reference electrode (SCE ),
working electrode and copper as coupled electrode was used. The molecular structure
of inhibitor is:

Hexadecyltrimethyl ammonium bromide (4)
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The inhibition efficiency was calculated from galvanostatic polarization techniques by
the following relation(5,6):
%IE =
θ=

-

∗ 100- …………(1)
………….(2)

WhereIfree and Iinh are the corrosion current densities in absence and in the presence of
inhibitor, respectively.
300
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Figure (1)Current DensityVersusTime Curve for Al Corrosion in 1M Hcl
with different Concentration of the Inhibitor CTABr.

RESULTS AND DISCUSSION
Figure (1) shows the data of corrosion current density – time curves for Al
corrosion in 1M HCl in absence and in the presence of inhibitor. It is clear that by
increasing the concentration of this compound the corrosion current density of Al
samples are decreased. This means that the presence of this organic compound retards
the corrosion. In absence of any surface films, the inhibitor is first adsorbed , into the
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metal surface and there after impede corrosion either by merely blocking the reaction
sites ( anodic and cathodic )or by altering the mechanism of the anodic and cathodic
partial processes(5). The %IE was calculated and represented in Table (2). Table (2)
reveals that CTABr acts as inhibitor for corrosion of Al in hydrochloric acid solution.
A parameter (θ), which represents the part of the metal surface covered by the inhibitor
molecules was calculated for different inhibitor concentrations and listed in Table (2).
From the data of Table (2) reveals that θ increases as the inhibitor concentration (C)
increases(7).
Table (2)Effect of CTABr concentration on the %IE and θ for
Al corrosion in 1M HCl at 30 Co.

T= 30 oC.

Inhibitor Conc. ( M )

θ
0.5464
0.6031
0.6632
0.7003

%IE
54.64
60.31
66.32
70.03

-6

2*10
4*10-6
8*10-6
12*10 -6

The adsorption of an organic inhibitor on the surface of a corroding Aluminum
specimen may be regarded as a substitution process between the organic compound in
the aqueous phase and water molecules adsorbed on the metal surface. Indeed , the
adsorption of CTABr was found to follow the substitutional isotherm of Timken given
by(7,8):
exp ( -2aθ) = KC

……( 3 )

Where `a` is molecules interaction parameter , `θ` is the degree of surface coverage,
`K` is the equilibrium constant of adsorption process and `C` is the concentration of the
inhibitor. The free energy of adsorption is related to the equilibrium constant of
adsorption , K by the following equation:
=

.

∗(

∆

)

…… ( 4 )

The plot of θ versus logC for Timken isotherm gives a straight line for Al in 1M HCl
in the presence of CTABr as shown in Figure (2).
The free energy of adsorption ∆Gads, is associated with water adsorption
equilibrium. ∆Gads was calculated from above relation. The obtained value of ∆Gads at
30Co is -11.615 KJ.mol-1. The negative value of ∆Gads here indicates that the
adsorption process on Al surface is spontaneous.
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Figure (2)The Relationship Between Covered Area and CTABr Inhibitor
Concentration at Different Temperatures.
The influence of temperature on the corrosion rate of Al in 1M HCl in absence
and in the presence of different concentration of the used inhibitor was investigated for
temperature range30 to 50Co. From the calculated values of %IE at 30, 40 and 50 Co
shown in Table (3). It is obvious that the inhibition efficiency increases by increasing
the concentration of inhibitor and decreases by increasing the temperature. The
decrease in %IE is due to the desorption of the molecules from the surface of the Al by
increasing the temperature. This indicates that the inhibitor is physically adsorbed on
Al surface. This suggests that the adsorbed molecules mechanically screen the coated
part of the metal surface from the action of the corrodent(8).
Table (3)Effect of CTABr concentration on the %IE and θ for Al
corrosion in 1M Hcl at 30, 40 and 50 oC.

Inhibitor
Conc. ( M )
2*10 -6
4*10 -6
8*10 -6
12*10-6

T = 30 oC
%IE
θ
54.64
0.5464
60.31
0.6031
66.32
0.6632
70.03
0.7003

T = 40oC
%IE
θ
42.01
0.4201
55.42
0.5542
57.09
0.5709
59.37
0.5937
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The value of ∆G(kJ/mole) change with the range of temperature, these values are
consistent with electrostatic interaction between charged molecules and a charged
metal ( which indicates physical adsorption ) these values are negative in all cases and
lie in the range of -11.297 to -12.380 ( kJ/mole )as shown in Table (4).
Table (4)Isotherm parameters.

Temp. Co
30
40
50

Isotherm parameter
∆G kJ/mole Kads
11.297
1.811
11.992
1.807
12.380
1.810

The apparent activation energy (Ea*) for the corrosion process in absence and
presence of CTABr were evaluated from Arrhenius equation (9,10).
log

=

−

.

∗

……. ( 5 )

whereRcorr is the corrosion rate ( mg/cm2.min ), A is the frequency factor, Ea* is the
apparent acivitation energy and R is gas constant (8.314 J/mole. K), that by plot of log
(corrosion rate )Vs ( 1/T )as shown in Figure (3).
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Figure (3)Corrosion rate versus reciprocal temp. fitting for Arrhenius equation
for couple metals with different concentrations of CTABr.
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The addition of CTABr modified the values of Ea*. This is attributed to the
adsorption on Al surface.
Table (5)Activation energy for different CTABr concentration.

CTABr conc (M).

Ea*(kJ )

2*10-6

-40.1116

4*10-6

-43.8392

8*10

-6

12*10

-44.545

-6

-47.7764

The activation energy values shown in Table (5) for HCl-inhibitor systems support
the fact that the inhibitors are physically adsorbed on Al surface. This is in agreement
with G.Y. Elewady(1) and E. E. Ebenso(11).
2.5
2
1.5

POTINTIAL ( V )
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0.5

T = 30 C˚

0

T = 40 C˚

-0.5

T = 50 C˚

-1
-1.5
-2
-2.5

LOG I ( A / cm² )

Figure (4) Polarization curve for Al with CTABr inhibitor conc.(2*10 -6) at
different temperatures.
Figure (4).shows the galvanostatic polarization curves for Al in 1M HCl solution
for (2*10 -6 M)inhibitor concentration at different temperature . The numerical values of
the variation of corrosion current density (Icorr ), corrosion potential (Ecorr), Tafel slopes
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(Ba and Bc), with the concentration of the inhibitor are given in Table (6). This
indicates that(7):
1- The corrosion current density ( Icorr ) decreases with increasing the
concentration of the additive, which indicates that the presence of this inhibitor
retards the dissolution of Al in 1M HCl and the degree of inhibition depends
on the concentration of the inhibitor.
2- The data suggest that this compound act as mixed type inhibitor because it
enhances both the anodic and cathodic processes but the anode is more
polarized.
3- The values of corrosion potential (Ecorr) shifted to less negative values by
increasing the concentration of the inhibitor.

Table (6) Effect of CTABr concentration on the corrosion potential (Ecorr),
corrosion current density (Icorr), Tafel slopes (Ba and Bc) for (2*10-6 M)
concentration of inhibitor at 30 Co.

Inhi. Conc.

E corr.

I corr.

Ba

Bc

0*10 -6

-945.32

217.501

221

91

2*10 -6

-943.93

98.983

204

111

4*10 -6

-942.42

86.682

199

112.4

-6

-939.02

73.629

196

113

-937.87

65.816

194

115

8*10

12*10

-6

CONCLUSIONS
1- The corrosion rate of Al increases with rise in temperature.
2- The corrosion rate decreases with increase in CTABr concentration and the
inhibition efficiency increase with increasing the inhibitor concentration.
3- CTABr gives a good inhibition for Al corrosion in hydrochloric acid solution.
4- The CTABr inhibitor increases the value of activation energy of corrosion and
consequently decrease the rate of dissolution of Al in Hcl solution.
5- The inhibitor molecules are physically adsorbed on Al surface following
Temkin adsorption isotherm.
6- Polarization measurements revealed that CTABr act as mixed type inhibitor.
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