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Abstract: The aim of this work is to study the influence of adding different sulphur compounds (2, 3
dimethyl 6 methoxy 1keto 5 ethyl sulphide, dimethyl sulphoxide, dimethyl disulphide, dimethyl thiourea,
dibenzothiophene and 2, 3 dimethyl 6 methoxy 1 thio 5 ethyl sulphide) on the corrosion behavior of
carbon steel immersed in white technical oil (free of sulphur, nitrogen and salt content) at 150 oC and
various time intervals by using weight loss measurement. These aggressive media enhanced the corrosion
of carbon steel samples. It can be seen that the corrosion of carbon steel samples in presence sulphoxide
compound is higher as compared to that of other sulphur compound. The inhibitive performance of three
azole derivatives on corrosion of carbon steel samples exposed to these aggressive media was studied. It
is clear that the inhibitive efficiency increases with the increase of the inhibitor concentration. The
inhibitive efficiency percent decreases in this order:
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INTRODUCTION

Corrosion is one of the most destructive agents and
perhaps the greatest consumer of metals known to man.
It is the product of the interaction between the metallic
materials and their environment depending on the type
of the environment and a number of prevailing
conditions. [1]

Sulphur is one of the foremost corrodents which
cause problems in the refinery industry. It occurs in
crude petroleum at various concentrations, and forms a
variety of chemical compounds, including hydrogen
sulphide, mercaptans, sulphides, polysulphides,
thiophenes and elemental sulphur. The main forms of
damage which caused by sulphur to the steel structures
include weight loss corrosion and sulphide stress
cracking. [2]

High temperature sulphide corrosion proceeds by
conversion of steels to sulphide scales due to a reaction
of sulphur bearing compounds with metal elements
from the steels. Corrosion rates are dependent upon
temperature, sulphur concentration and the form in
which the sulphur exists [3].

Hydrogen sulphide is the most active compound
from a corrosion standpoint. Most other sulphur forms
can be considered almost inert until petroleum reaches
the refinery. The amount of hydrogen sulphide evolved
increases with temperature. The conversion rate of
mercaptans is particularly high, due to great ability of
these compounds to adsorb on the steel surface. In
some refinery operations at hydrogen and catalyst
present, sulphur compounds react with hydrogen to

form the aggressive hydrogen sulphide, and the rate of
sulphide corrosion becomes dependent on hydrogen
sulphide concentration. [4]

The use of inhibitors is one of the most practical
methods for protection against corrosion. It has been
known that efficient inhibitors should possess plentiful
p-electrons and unshared electron pairs on either
nitrogen atoms or sulfur atoms of the inhibitors to the
d-orbitals of iron, and by means of transference of
electrons chemical adsorption may occur on the steel
surface. Thus, the steel corrosion may be suppressed by
the protective film on the steel surface. [5]

Bentitss, [6] studied the influence of ox-diazoles as
effective inhibitors for carbon steel in acid solution.
The inhibition action of triazoles on the corrosion of
carbon steel in aromatic liquid extraction is studied
through weight loss, potentiodynamic polarization
techniques, and scanning electron microscopy (SEM).
Results obtained reveal that these compounds are very
good corrosion inhibitors in both liquid and vapour
phase of the aromatic liquid extraction. The adsorption
of these inhibitors on the carbon steel surface obeys
Longmuir adsorption isotherm. The adsorption leads to
the formation of a protective film, which grows, with
increasing exposure time. 

The influence of imidazole, benzimidazole, and 2-
methyl imidazole on the corrosion and the hydrogen
permeation through mild steel in sulphuric and
hydrochloric acid has been studied using weight loss,
potentiodynamic polarization and AC impedance. [7]

The inhibition performance of the 3,5-bis(4-
methoxyphenyl)-4-amino-1,2,4-triazole  (4-MAT)  on 
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mild steel in normal hydrochloric acid medium (1 M
HCl) at 30°C was investigated  by weight loss,
potentiodynamic polarization and electrochemical
impedance spectroscopy (EIS) techniques. This
compound inhibits the acidic corrosion even at very
low concentration, reaching a value of inhibition
efficiency up to 98% at a concentration of 3×10-4 M.
The results obtained from the different corrosion
evaluation techniques are in good agreement. [8] 

Experimental:
Physical Properties of the White Technical Oil: The
physico-chemical characteristics of the white technical
oil were determined according to standard test methods
(ASTM) [9]. The phsico-chemical characteristics include
viscosity, molecular weigth, sepsific gravity, refractive
index, total acid number, structural group analysis
besides sulphur, nitrogen and salt content.

Corrosion: Specimen of carbon steel with the chemical
composition in wt-%: Fe-0.25 C-0.1Si-0.30 Mn-0.01 S,
was machined into specimens with dimensions of 5 x
2 x 0.2 cm.  Before each experiment, the electrode
surface was abraded with emery paper up to 1200 grit,
washed with bidistilled water, degreased with acetone
and dried.

The Aggressive Solutions: Different sulphur
compounds, 2, 3 dimethyl 6 methoxy 1keto 5 ethyl
sulphide, dimethyl sulphoxide, dimethyl disulphide,
dimethyl thiourea, dibenzothiophene and 2, 3 dimetyl
6 methoxy 1thio 5 ethyl sulphide were added to a
white technical oil (free of, sulphur, nitrogen and salt
contents) to represent aggressive solutions.

Inhibitors: Three azole drevatives were used as
corrosion inhibitors (benzimidazole, aminotriazole and
aminotetrazole).

Corrosion Measurements: Carbon steel specimens
were exposed to 300 ml of the aggressive solutions
each has 0.4 g both of the six sulphur compounds in
absence and presence of the three inhibitors,
benzimidazole, aminotriazole and aminotetrazole at 150
oC and different time intervals up to 600 hrs. The
carbon steel specimens removed successively, cleaned
in a pickling solution of 10 % H2SO4 in 1g/L thiourea,
washed with bidistilled water, cleaned with acetone and
dried before the weight loss measurement.

Corrosion rate ( r) = (Wo - W /AT) mg cm -2 h -1

Where Wo and W are the weight loss of the carbon
steel specimen before and after corrosion measurement
respectively.  A is the area of the specimen and T is
the time of exposure to the aggressive solution.

RESULTS AND DISCUSSION

The Physico – Chemical Characteristics of Technical
White Oil: able (1) shows the physico – chemical
characteristics of technical white oil. It is characterized
by low molecular weight (190), specific gravity, 0.8270
at 15.6oC.  Its refractive index and total acid number
are1.4700 and 0.22 mg KOH/g respectively. It is free
from sulphur, nitrogen and salt content. It has viscosity
of 15.34 cSt at 40oC. 

Table (1) illustrates the structural group analysis of
the technical white oil by using (n-d-M) method. The
results illustrate that the higher percentage in the
paraffin carbon content, %Cp (70.8) while the
naphthenic carbon content, %CN is low (2.8). It
contains 26.4 of the aromatic carbon content %CA.

Effect of the Sulphur Compounds on the Corrosion
of C-steel in the Technical White Oil: Fig.(1) and
Table (2) represent the influence of the sulphur
compounds on the corrosion of carbon steel. It is clear
that the rate of corrosion of C-steel in the technical
white oil remains virtually constant for the duration of
the test (about 300 hrs), while it continues to increase
slowly with time. The behaviour may be attributed to
that the oxygen dissolves in the technical white oil at
150oC, plays an important role in promoting the
formation of protective oxide film on the metal surface
which enhances its resistance during the first few hours 
(150 hrs) of immersion. As the immersion time
increase, FO2O3 gradually disappears via a hydrolysis
reaction leads to a slightly increase in the corrosion
rate.

Addition of the sulphur compounds promotes
increase in the corrosion rate which increases gradually
with time of immersion, except in the case of dimethyl
thiourea. The exposure to sulphur compounds results in
the formation of porous or non – protective
ironsulphide (FeS) on the metal surface. Thus relatively
high corrosion rate are maintained [10]. This is attributed
to that sulphide ions might be incorporated in the fault
of iron oxide lattice, then accelerate the dissolution of
C–steel metal while sulphur is not consume in the
reaction but acts as a dissolution catalyst.

Fig. (1a) illustrates that the addition of the
dimethyl thiourea to white technical oil decreases the
corrosion rate of C-steel. This may be attributed to the
electron, transfer takes place during adsorption of the
sulphur and nitrogen atoms in the thiourea compound
at the metal surface [10,11]. Replacement of hydrogen
atoms of the amino groups of thiourea molecules by
methyl groups increases the volume of the molecule
which  leads  to an increase in the protective efficiency
of C-steel.  It  is  clear  that,  the  corrosion  rate in 
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presence of dibenzothiophene is slow till exposure time
(300 hrs), after that increases gradually. This may be
due to that dibenzothiophene is not reactive with iron
and Fe-S interaction will be weak, it is non corrosive
as is shown in Fig (1a).

The corrosion rate of the C-steel immersed in
white oil containing 2, 3 dimethyl, 6 methoxy 1 Iketo,
5 ethyl sulphides and 2, 3 dimethyl, 6 methoxy, I thio
5 methyl is less than that in the case the presence of
dimethyl disulphide and sulphoxide compounds higher
than those of the other sulphur compounds discussed
before. This may be due to the oxidation of the
disulphide to sulphoxide and further oxidation leads to
acid formation as shown in Fig. (1a, 1b).Also the
corrosion rate of C-steel in presence of the sulphide
compound is of intermediate value. This is attributed to
the presence of polar atoms (carbonyl group) in the
sulphide compound which increases their ability to
interact with the metal surface.

The corrosion rate of C-steel in presence of
sulphoxide is higher than that of the other sulphur
compounds and increases with the increase of time.
This may be due to that the sulphoxide decomposes the
peroxide radical which is formed during heating the
technical white oil at 150oC leads to acid formation.
This acid reacts with the metal leads to dissolution of
the metallic surface and increases the corrosion rate of
the C-steel. It can be concluded that the corrosion rate
of C-steel immersed in the white technical oil
containing various types of sulphur compounds
decreases in the order:

Dimethyl sulphoxide > dimethyl disulphide > 2,3
dimethyl 6methoxy 1keto, 5 ethyl sulphide > 2,3
dimethyl 6 methoxy 1 thio,5 ethyl sulphide > dibenzo-
thiophene > dimethyl thiourea.

Influence of the Inhibitors on the Corrosion Rate of
C-steel: The results in Figs. (2-7) and Tables (3 and 4)
indicate the effect of the corrosion inhibition efficiency
of C-steel. The inhibition increases with increasing the
inhibitor concentration (0.05-0.1wt %) which reveals
the formation of a protective film aiding to increase the
surface coverage (). At the inhibitor concentration, 0.1
wt % and exposure time 150 hrs, the inhibitive
efficiency represents 87.8%, 95% and 98.7% for
benzimidazole, aminotriazole and aminotetrazole
respectively in presence of dimethyl sulphoxide. It
attains 89.7%, 96.8% and 98.5% respectively in
presence of dimethyl disulphide. It is clear that the
corrosion inhibitor efficiency is higher in presence of
dimethyl disulphide as compared with that in presence
of dimethyl sulphoxide as shown in Figures (8 and 9).
On the other hand, the efficiency of aminotetrazole is
higher in presence of dimethyl sulphoxide.

The adsorption of the inhibitors on the metal
surface can occur between the p electrons and lone pair
of electrons on the nitrogen atoms of the inhibitors and
interaction with d-orbital of the iron surface atoms
forming a protective film [11]. These inhibitors may also
adsorb through electrostatic interactions between the
positively charged nitrogen atom and the electrically
charged surface of the metal. The molecular structure
of the organic inhibitors is important in synergistic
inhibition. The greatest synergistic inhibition is to be
expected for an anion-caution pair in which both ions
have appreciable tendencies toward covalent binding
[12]. Therefore, the adsorption of triazoles on the steel
surface is greater, which leads to higher inhibitive
efficiency.

The results in Figs (8 and 9) and Tables (3 and 4)
show that aminotetrazole is more efficient (in presence
of dimethyl sulphoxide and dimethyl disulphide) than
the other two inhibitors indicating that it is more
strongly adsorbed on the C-steel surface, this may be
due to the greater availability of the lone pair of
electrons on the basic nitrogen atoms due to the
increase in C-N-C bond angle from 109o to 120oC.

Adsorption Isotherm: Applying adsorption isotherm
gives the relationship between the surface coverage of
an interface with the adsorbed species and the
concentration of the species in solution. This allows the
inhibition efficiency to be expressed as a function of
the inhibitor concentration at a constant temperature.
The inhibition efficiency of the studied inhibitor is
related to its adsorption on the surface. An attempt is
made to use the Langmuir isotherm to study the
variation of the degree of coverage (θ) with the
concentration of inhibitors (benzimidazole,
aminotriazole and aminotetrazole). The linear regression
between C/q and C (Tables 5 and 6) was calculated
according to the equation:

θ = KC / (1 + KC) that is C/θ = 1/K + C          (2)

Where; C is the concentration of inhibitor, K is the
binding constant (equilibrium constant of the adsorption
reaction) and (θ) is the degree of surface coverage on
the carbon steel and can be calculated from the
equation:

θ = (ro-r) / ro          (3)

Where, ro and r are the corrosion rate in the absence
and presence of the inhibitor.

It is clear that the correlation coefficient and the
slope of straight line C/θ ~ C of three inhibitors nearly
approach  one.  This illustrates that the adsorption of 

1327



J. Appl. Sci. Res., 6(9): 1325-1333, 2010

these inhibitors on the carbon steel surface immersed
in white oil containing 0.4 gm of dimethyl sulphoxide
or dimethyl disulphide obeys the Longmuir's adsorption
isotherm. The degree of surface coverage (θ) on  the
carbon steel surface as a function of the inhibitor
concentration (C) can be represented by plotting log[θ
/ (1-θ)] versus log C, to explain the different isotherm
, frumkin isotherm equation (4) and kinetic
thermodynamic modle equation (5)

Log [θ / (1-θ)] =log (K')+y log a C          (4)

Log {θ / [1-θ)]} =log K+2a          (5)

Where:
(a) Is the lateral interaction term describing the

molecular interaction in the adsorption layer and
the heterogeneity of the surface and it is the
measure of the stepness of the adsorption isotherm,
(y) is the number of inhibitor molecules occupying
one active site, (C) is the inhibitor concentration in
the bulk of solution and (K) is the binding
constant and is defined as:

K= (1 /55.5) exp (-DG ads /RT)          (6)

Where the value 55.5 in equation (6) is the
concentration of water in the solution in mole dm 3. 

Lin K= lin (1 /55.5) (-DG ads /RT)          (7)

K is related to the standard free energy of
adsorption (-  Gads) and (K = K'(1/y)), 1/y is the number
of active sites. The calculated result is showed in
Tables (7 and 8).

It is clear that the value of K gradually increases
from 256, 909 and 1666 for benzimidazole,
aminotriazole and amininotetrazole respectively in
presence of dimethyl disulphide in the working media,
while it is higher for benzimidazole, in case of
presence of dimethyl-sulphoxide in the media. This
clearly illustrates that the strength of electrical
interactions between adsorbing molecules and the metal
surface increases in the same order as mentioned
previously, thus increasing the inhibitor efficiency [13].
The results indicate reasonable agreement between the
values of binding constant as obtained from the
Kinetic–thermodynamic model and the Frumkin
isotherm as shown in Table (7 and 8).

The large negative values of the free energies of
adsorption, mean that the adsorption process is
spontaneous. The data in Tables (7 and 8) illustrate the
negative value of the molecular interaction (a) for
benzimidazole and aminotriazole in presence of
dimethyl-sulphoxide. This may be due to the high
acidic number in this media. While the values of (a) in
presence of dimethyl disulphide is positive and increase
from 0.52, 1.66 and 3.58 for benzimidazole,
aminotriazole and aminotetrazole respectively and this
imply that, the interaction of the molecules in the
adsorbed layer causes an increase in the adsorption
energy with increase of surface coverage [14].

Table 1: physico – chemical characteristics of the technical white oil
Specifications Test Method Results
Sulphur content ,ppm ASTM D-4294 Nil
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Refractive index , at 20oC ASTM D-1747 1.4700
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Specific gravity, at 15.6oC ASTM D-4052 0.8270
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Viscosity cSt, at 40oC ASTM D- 455 15.34
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean Molecular , wt. ASTM D- 2502 190.00
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T.A.N., mgKOH/g sample ASTM D- 664 0.2244
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Salt content, wt.% ASTM D- 1275 Nil
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Structure group analysis, % ASTM D- 3238
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
CA 26.4
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
CN 2.8
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cp 70.8
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
RA 0.44
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
RT 0.80
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
RN 0.36
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Nitrogen Content, wt.% Kjeldhal method, Nil
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Table 2: Influence of the sulphur compounds on the corrosion rate of C-steel immersed in the technical white oil 150 oC
Solutions Corrosion rate, mg/cm2 hr

------------------------------------------------------------------------------------------------------
150 hr 300 hr 450 hr 600 hr

Blank 0.0 0.0 1.284x10-7 2.667x10-7

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Dimethyl thiourea 0.542x10-7 1.264x10-7 0.964x10-7 0.750x10-7

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Dibenzo- thiophene 1.258x10-7 2.095x10-7 3.010x10-7 5.22x10-7

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Dimethyl disulfide 8.00x10-7 9.00x10-7 12.00x10-7 21.00x10-7

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2,3 Dimethyl, 6 methoxy 1-keto, 5,ethyl sulphide 4.29x10-7 5.473x10-7 7.262x10-7 10.36x10-7

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2,3 Dimethyl, 6 methoxy 1-thio, 5,ethyl sulphide 2.069x10-7 2.576x10-7 5.398x10-7 7.176x10-7

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Dimethyl Sulhoxide 14.00x10-7 56.00x10-7 72.00x10-7 181.00x10-7

Table 3: Percentage Efficiency of the inhibitors of carbon steel immersed in the technical white oil containing 0.4 gm dimethyl disulphide
at 150oC after 150 hrs

Concentration, gm Benzimidazole Aminotriazole Aminotetrazole
0.05 75.00 89.00 93.50
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
0.08 84.70 95.00 96.00
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
0.10 89.70 96.80 98.50

Table 4: Percentage Efficiency of the inhibitors of carbon steel immersed   in the technical white oil containing 0.4 gm dimethylsulphoxide
at 150oC after 150 hrs

Concentration, gm Benzimidazole Aminotriazole Aminotetrazole
0.05 83.50 91.70 93.50
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
0.08 86.00 93.60 96.00
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
0.10 87.80 95.00 98.70

Table 5: Adsorption parameters of inhibitors on the C-steel   surface immersed in technical white oil containing 0.4 gm dimethyl sulphoxide
at 30oC.

Inhibitors C/q ~ C Linear correlation coefficient C/q ~ C Slope
Benzimidazole 0.999 1.0771
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Aminotriazole 0.999 0.7758
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Aminotetrazole 0.999 0.9675

Table 6: Adsorption parameters of inhibitors on the C-steel surface   immersed in technical white oil containing 0.4 gm dimethyldisulphide
at 30oC.

Inhibitors C/q ~ C Linear correlation coefficient C/q ~ C Slope
Benzimidazole 0.999 0.8996
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Aminotriazole 0.999 0.9416
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Aminotetrazole 0.999 0.9680

Table 7: Isotherm parameters and free energies of chemical inhibitors in technical white oil containing 0.4 gm dimethyl sulphoxide.
Inhibitors 1/y K Gads Kj/mol a k
Benzimidazole 2.024 22.019 - 40.9 - 1.76 2000.0
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Aminotriazole 1.324 104.3 - 35.8 - 1.056 476.0
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Aminotetrazole 0.476 7670.1 - 40.2 1.285 1666.7

Table 8: Isotherm parameters and free energies of chemical inhibitors in technical white oil containing 0.4 gm dimethyl disulphide.
Inhibitors 1/y K Gad, Kj/mol a k
Benzimidazole 0.665 265.4 - 36.2 0.52 256.3
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Aminotriazole 0.529 2325.4 - 38.1 1.66 909.1
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Aminotetrazole 0.465 8806.4 - 40.2 3.58 1666.7
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Fig. 1a: Corrosion of C-steel immersed in technical white oil in absence and presence of 0.4gm of various sulphur
compounds at various times (0-600hrs).

Fig. 1b: Corrosion of C-steel immersed in technical white oil in absence and presence of  0.4gm of both dimethyl
sulphoxide and dimethyl disulphide compounds at various times (0-600hrs)

Fig. 2: Effect of 0.05wt% of various inhibitors on corrosion rate of C-steel immersed in technical white oil
containing 0.4gm dimethyl sulphoxide.
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Fig. 3: Effect of 0.08wt% of various inhibitors on corrosion rate of C-steel immersed in technical white oil
containing 0.4gm dimethyl sulphoxide.

Fig. 4: Effect of 0.01wt% of various inhibitors on corrosion rate of C-steel immersed in technical white oil
containing 0.4gm dimethyl sulphoxide.

Fig. 5: Effect of 0.05wt% of various inhibitors on corrosion rate of C-steel immersed in technical white oil
containing 0.4gm dimethyl disulphide.
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Fig. 6: Effect of 0.08wt% of various inhibitors on corrosion rate of C-steel immersed in technical white oil
containing 0.4gm dimethyl disulphide.

Fig. 7: Effect of 0.1wt% of various inhibitors on corrosion rate of C-steel immersed in technical white oil
containing 0.4gm dimethyl disulphid

Fig. 8: Relationship between different inhibitors effectiveness concentrations of C-steel immersed in technical white
oil containing 0.4gm dimethyl sulphoxide
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Fig. 9: Relationship between different inhibitors effectiveness concentrations of C-steel immersed in technical white
oil containing 0.4gm dimethyl disulphide 

Conclusion: The addition of dimethyl thiourea to the
technical white oil decreases the corrosion rate of C-
steel due to the adsorption process. The rate of
corrosion of C-steel immersed in technical white oil
containing various types of sulphur compounds
decreases in the order; dimethyl sulphoxide>dimethyl
disulphide>2,3 dimethyl, 6-methoxy 1-keto, 5-ethyl
sulphide> 2,3 dimethyl, 6- methoxy 1-thio, 5-methyl
sulphide > dibenzothio phene > dimethyl thiourea. The
corrosion inhibition efficiency increases with the
increase of the inhibitor concentration. Aminotetrazole
is more efficient than the other two inhibitors. The
corrosion rate of C-steel decreases in the presence of
aminotriazole and aminotetrazole. The inhibitive
efficiency of aminotetrazole is higher than that of
aminotriazole because it has high adsorption energy
and higher dipole moment. The adsorption of the three
inhibitors on the C-steel surface obeys the Langmuir
adsorption isotherm. Benzimidazole and aminotriazole
act as good corrosion inhibitors for C-steel corrosion
immersed in technical white oil containing various
types of sulphur compounds.

REFERENCES

1. Umoru, L.E., A.A. Afonja and B. Ademodi, 2008.
Journal of Minerals & Materials Characterization
& Engineering, jmmce.org., 7(4): 291-299.

2. Corrosion in the Petrochemical Industry. (Ed. L.
Garverick) 1995.. ASM International, Materials
Park OH.

3. White, R.A. and E.F. Ehmke, 1991. Materials
Selection for Refineries and Associated Facilities.
National Association of Corrosion Engineers,
Houston, Texas.

4.  Joanna, H., 2006. Advances in Materials Science, 
6(1): 9.

5. Abd El–Maksoud, S.A., 2008. Int. J. Electrochem.
Sci., 3: 528 – 555.

6. Bentiss, F., 2002. Corrosion Science, vol.42, p.
127,(2002).

7. De-Damborenea, J., G. M.Bastidas and A.G.
Vazauez, 1997. Electrochimica, Acta, 42(3): 455-
459.

8. Bentiss, F., C. Jama, B. Mernari, H. El Attari, L.
El Kadi, M. Lebrini, M. Traisnel, 2009. and  M. 
Lagrenée, Corrosion Science, article in press.

9. "Annual, 1991. Book of ASTM Standards,
Petroleum Products and Lubricants (I – III)",
.05.01 – 05. 03, Am. Soc. Test. Mat., Philadelphia.

10. Ozcan, M., I. Dehri and M. Erbil, 2004. Applied
Surf. Sci., 236: 155-164. 

11. Hackerman, N. and Makrides, A.C.J. Phys, 1995.
Chem., 59: 707.

12. Bentiss; F., M. Traisnel and M. Laarene, 2000.
Corros. Sci., 42: 127.

13. Elawady, A.A., Abd-ElNabey, S.G. Aziz, M.A.
Khalifa and H.A. Ghamedy; 1990. Int. J. Chem.,
1: 169.

14. Quraishi, M.A. and F.A.J. Ansari, 2003. Appl.
Electrochem., 33: 233.

1333


