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In the present study, the corrosion inhibition characteristic of Sodium
Dodecyl Sulfonate (SDSO), a surfactant on corrosion of carbon sted in
hydrochloric acid was studied using weight loss method. The obtained
results reveal that SDSO is good inhibitor and shows very good corrosion
inhibition efficiency (IE) at relatively high SDSO concentration. The |E was
found to vary with concentration of inhibitor and acidity.

The effect of Brij 58 nonionic co-surfactant addition on IE of SDSO was
investigated. It was found that Brij 58 has synergistic influence on the
corrosion inhibition efficiency of SDS0. This would be attributed to
molecular association of SDSO-Brij 58 that would cause the enhancement
of co-adsorption of the two surfactants on carbon stee surface and
conseguently increase the coverage of hydrophobic layer on Carbon Seel
(CS) surface.

Soecial importance is attached to the effect of inorganic additives on the |E
of SDSO. KCl and CaCl2 were found to be good promoters to IE of the
SDS0. This finding was explained on the basis of that K+ or Ca 2+ ions
would create active sites on the SC surface that would attract the
negatively charged of SDSO ions and consequently hydrophobic layer
(protective film) would be established on SC surface improving |E.
However, the addition FeCl3 deteriorates the Inhibitory action
(anticorrosion performance) of SDSO. This can be inferred to the formation
of ferric dodecyl sulfonate that have very low soluibility product that would
precipitate. This cause the deficiency of surfactant ions in the solution and
consequently decreasing the adsor ption of SDSO on SC surface.

KEYWORDS: Corroson Inhibition; Carbon Sed; Weight loss; Critical Micdle
Concentration (CMC); Sodium Dodecylsulfonate (SDSO):; Synergistic effect.

1. INTRODUCTION

It is well documented that corrosion of metals gelte takes place in the presence of
oxygen and moisture and involves two electrochelmizactions. Oxidation occurs at
anodic site and reduction occurs at cathodic Bitacidic medium hydrogen evolution

reaction predominates. The cost of corrosion has lbeported from many studies to
be in the order of 1-5% of GNP for any country [Cprrosion never stops but its
scope and severity can be lessened. Corrosion itotsibare of great practical

importance, being extensively employed in miningsmetallic waste in engineering
materials. Various scientific studies deal with tudbject of corrosion inhibitors. The
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inhibitors, which reduce corrosion on metallic mitis, are inorganic inhibitors,
organic inhibitors, surfactant inhibitors and mixedterial inhibitors.

Inhibitors are generally used to control metal disson. Most of the well-
known acid inhibitors are organic compounds comtgimitrogen, sulfur, and oxygen
atoms through which they get adsorbed on the rsetéhce. However, unfortunately,
most of these compounds are not only expensivalsottoxic to living beings. The
safety and environmental issues of corrosion inbibiarisen in industries has always
been a global concern.

The strict environmental regulations and the insirgp of ecological
awareness have resulted in the use of substitutexio compounds, acceptable from
the environmental point of view “green inhibitorf2]. The use of surfactants, as
ecologically-friendly corrosion inhibitors, hasdn studied and it was shown that the
inhibition efficiency increases with the number @irbon atoms in the molecule.
Surfactant molecules are amphiphilic in charaater, they possess hydrophilic and
hydrophobic segments [3,4] having a long hydrocariadl and a relatively small ionic
or polar head group. The high affinity of surfa¢tarolecules to adsorb onto interfaces
is responsible for their applications in severdkifacial systems. For this reason,
surfactants can be used as good corrosion inhgbitometallic surfaces. In aqueous
solution the inhibitory action of surfactant molexi may be due to the physical
(electrostatic) adsorption or chemisorptions ohtrhetallic surface, depending on the
charge of the solid surface and the free energngdhaf transferring a hydrocarbon
chain from water to the solid surface. Amphiphitesh be ionic (cationic, anionic),
zwitterionic, or nonionic depending on the natuiréheir head groups.

lonic and non-ionic surfactants have been repadielle corrosion inhibitors
for metals like copper, carbon steel, cold rollegses and mild steel [5-—].3Anionic
surfactants are renowned as good corrosion inhihiia that they can adsorb onto
positively charged metallic surfaces in a direat axore effective way than other types
of compounds.

Recently non-ionic surfactants have been attractingh attention in various
fields. A widely studied group of non-ionic surfaects is the polyoxyethylenic [(-
OCH2-CH2)] group, which has the advantage that its hydrbghoature can be
controlled not only by modifying the number of cambatoms in its hydrophobic chain,
but also by varying the oxyethylenic chain.. Itisrth to mention that the introduction
of ethylene oxides into surfactant molecule (etltatkyn) increases the inhibitive
effect of surfactant [14]. The presence of theseugs increases the solubility of
surfactant and hence the extent of its adsorptiothe metal surface increases and
consequently its inhibitive action improves. In #idth to these valuable properties,
they are not expensive. They can be mixed withrdgpes of surfactants, e.g., anionic
or cationic, to enhance their properties and reduckctant precipitation [14,15].

Many studies on the inhibition of the corrosion adrbon steel by some
polyoxythylenic nonionic surfactants have been iedrrout in different corrosive
environments [13,14]. Many nonionic surfactantsehbeen widely used as corrosion
inhibitors for iron in acidic media [4,7,11,13, |14

The main objective of this work was to examine #mticorrosion ability of
sodium dodecylsulfonate, anionic surfactant. Theedgistic effect of Brij 58 non-
ionic co-surfactant on anticorrosion performance SISO has been examined.
Moreover, some light was shed on the influenceaohes inorganic additives on the
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inhibitory action of the SDSO. It was found thatj B8 has synergistic influence on the
corrosion inhibition efficiency of SDSO. This woubé attributed to molecular association
of SDSO-Brij 58 that would cause the enhancemeab@fdsorption of the two surfactants
on carbon steel surface and consequently increasehydrophobic layer Special
importance is attached to the effect of inorganiditaves on the IE of SDSO. KCI and
CaCl, were found to be good promoters to IE of the SDBs finding was explained
on the basis of that ¥r Ca®" ions would create active sites on the SC surftat
would attract the negatively charged of SDSO iond aonsequently hydrophobic
layer (protective film) would be established on S&€face improving IE. However, the
addition Fed deteriorates the Inhibitory action (anticorrosperformance) of SDSO.
This can be inferred to the formation of ferric dod sulfonate that have very low
soluibility product that would precipitate. Thisus the deficiency of surfactant ions
in the solution and consequently decreasing therptisn of SDSO on SC surface.

2. EXPERIMENTAL WORK
2.1. Materials

Tests were performed on carbon steel (CS) of thewiing composition: 0.26 % C,
1.15 % Mn, 0.04% P, 0.05% S and the remainder Bdfeentage inhibitor efficiency
(IE) is given by :

IE = [(CR — CR)/CR] x 100 ) (1

WhereCR is the corrosion rate in uninhibited solution &@¥,, is the corrosion rate in
inhibited solution.

2.2. Inhibitor

The anionic surfactant of sodium dodecyl sulfon&taC,H,5S0;, (SDSO) and cetyl
ether polyoxyethylene (20) 16H33(OCH,CH,),0OH (trade name Brij 58) were
obtained from the Nacalai Tesque, Inc., Kyoto, dagad used as received. All other
chemical reagents were reagent grade in quality.

2.3. Solutions

The acidic solutions, 0.2-0.4 mole.drHICl, were prepared by dilution of analytical
grade 35% HCI with distilled water. The concentratirange of SDSO used was
1.33x10™-6.67x10° mole.dn?.

2.4. Weight Loss Measurements

The carbon steel (CS) sheets were abraded witlriessef emery paper and then
washed with distilled water and acetone. After \Ww&ig accurately, the specimens
were immersed in 600 ml beaker, which contained B0 of predetermined
concentration of hydrochloric acid with and withowtddition of different
concentrations of the prepared inhibitors. All #téd solutions were open to air. After
24 h, the specimens were taken out, washed, daed, weighted accurately.
Experiments were carried out in triplicate. Therage weight loss of three parallel
CS sheets was obtained. The average weight lodged parallel CS sheets could be
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obtained. Then the tests were repeated at difféi€itconcentration. The corrosion
rate (CR) was calculated from the following equaf{ib6]:

CR=AWI/(S.1) )

WhereAW is the average weight loss of three parallel G&&hS the total area
of the specimen, antd is immersion time. With the calculated corrosiater the
inhibition efficiency (IE) of SDSO on CS surfaceabsence and presence of various
additives was calculated using Equation 1.

3. RESULTS AND DISCUSSION

3.1. Effect of SDSO Concentration and Acidity on Inhibition

Efficiency
The corrosion rate curves of carbon steel (CS) thighaddition of SDS in various HCI
concentration are shown Fig. 1 The curves irfFig.1 show that the corrosion rate
values (mdd) of CS in 0.2-0.4 mole.drkICI solution containing SDSO decrease as
the concentrations of the inhibitor increase, fte corrosion inhibition strengthens
with the anionic surfactant concentration. It igiced that optimum SDSO dosage to
attain the lowest corrosion rate would be occuae®.33x10 mole.dn? SDSO in
0.2-0.4 mole.dm HCI.
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Fig. 1: Influence of SDSO additions on the corrogiate on SC surface at various HCI
concentration

The values of inhibition efficiencies obtained frotime weight loss for different
inhibitor concentrations in 0.2-0.4 mole.drkCI are given in Fig. 2 The results
show that inhibition efficiency is increasing ag ttoncentration of inhibitor increases.
The inhibition mechanism of dodecyl sulfonate mdgoabe interpreted as the
adsorption of the sulfonate on an exposed metah #toough the oxygen atom of the
sulfonate on the cathodic sites of CS, thus fornaingdsorption layer which acts as a
hindrance to the solution and enhances the proteofithe metal surface [4].
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It is also noticed that the inhibition efficiencyog to lower values after
exceeding its maximum values at various HCI comration. This would be attributed
to the commencement of formation of the secondrlafeadsorbed surfactant in
reverse direction. This supposed layer has its dprdlic nature that suppress the
inhibitory action of SDSO surfactant. It is worthentioning that the inversion point
corresponding to SDSO concentration (5.33 Xhdole.dn®) at which the abrupt
decreasing in inhibition efficiency occurred isletel well below its Critical Micelle
Concentration (9.3xIdmole.dn?) [17].
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Fig. 2: Influence of SDSO additions on the inhtritiefficiency at various HCI
concentration

3.2. Effect of Electrolyte Additions on the Inhibition Efficiency

As seen from Fig. 3, corrosion rate is increasmd@C} addition increases leading to
the deterioration of inhibitory action of SDSO. $hantagonism between ferric and
dodecyl sulfonate ions would be explained on theisbaf the domination of ferric
ions on CS i.e. the domination of active sites deidation reaction and consequently
the increase the corrosion rate. The solubilitydpod of ferric dodecyl benzene
sulphonate (Fe(DB$) was calculated to be K ° =(1.23+0.80)x10* [18] . The
corresponding value for ferric dodecyl sulphoriateot appear in the literarture (to
the best of our knowledge); its value could bdelitower than that of Fe(DBSQ)
The formation of Fe(DSQ@)s insoluble phase would cause the depletionrhatant
available in aqueous solution and consequentlyhainterfacial zone of CS/liquid
phase. The obtained results do indicate th&tiBas functions as ‘surfactant-robber’

Figure 3 illustrates also the effect of Ca@hd KCI addition on the inhibitory
action of SDSO system. The results in Fig.4 dispteyinhibition efficiency of SDSO
in the presence of CaCind KCI.
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Fig. 3 : Influence of electrolyte additions on ttwerosion rate on SC surface in the
presence of 5.7x10mole.dn?® SDSO in 0.2 mole.dfHCI solution.

As seen in this figure 90% inhibition efficiencyncde attained in CaCl2-SDSO
system. This figure reveals that both Ga&ld KCI have synergistic effect with SDSO
on SC surfaces. The enhancement of the inhibitotipra of SDSO in the presence of
KCl is attributed to the function of Kas counterion in the electrical double layer on
SC surface. This would lead to increase zeta patestt CS surface and consequently
increase the adsorption density of the negativelrged of dodecyl sulfonate. The
higher IE produced in CaE6DSO system compared to that of KCI-SDSO system is
attributed to that Caions would be adsorbed in the stern plan in teetgtal double
layer (specifically adsorbed). This kind of adsattens is strongly anchored on CS
surface and resurfacing the charge on the mett[19]. While K the monovalent
ions, would be adsorbed in the diffuse layer of éhectrical double layer on SC
surface. This type of adsorbed ions is weakly dzbsband has little resurfacing action
regarding surface charge and give limited additi@uive site to SDSO ions to be
adsorbed. Moreover, €aons and SDSO ions interact in solution to prodcaleium
salt of dodecylsulfonate that have low solubiliyoduct as compared with that of
sodium salt of dodecylsulfonate i.e. high surfactvay that would lead to improve
the inhibitory action of SDSO.

3.3. Effect of Brij 58 Co-Surfactant Additions on the Inhibition
Efficiency
Figure 5 illustrates the influence of Brij 58 adialiis on the corrosion rate on SC
surface in the presence of of 5.7%Ifiole.dm’® SDSO in 0.2 mole.dth HCI solution.
The same data in Fig.6 were replotted to displayBhj 58 concentration as a function
inhibition efficiency of SDSO. Evident from the s displayed in Figs.5 and 6 is
the synergistic effect of Brij 58 co-surfactant thve inhibitory action of SDSO. It is
supposed that co-adsorption of both Brij 58 andedgl$ulfonate ions on CS surface.
These figures reveal that the addition of Brij S8ises drastic improvement of the
inhibitory action of SDSO. 91% inhibition efficenacould be obtained in the
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presence of 5.7x10mole.dm’® SDSO with 2x13 mole.dn?  Brij 58 addition. It was
found that the presence of nonionic surfactant éeduthe adsorption of ionic
surfactant on mineral surface [15]. At such acgbtution the interaction through the
hydrogen bonding, between oxygen atoms in polyetig/igroups of Brij 58 molecules
and surface iron hydroxyl groups on CS surfaceredd@gminant. Some of dodecyl
sulfonate ions would be adsorbed through the porbdd Brij 58 molecules.
Moreover, the role of hydrophobic interactions begw the hydrocarbon tails of the
two surfactant would contribute to the expectedamekment of the adsorption density
and consequently the improvement of the inhibitefficiency of Brij 58-SDSO
system.
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Fig. 4: Influence of electrolyte additions on thaibition efficiency of SDSO in the
presence of 5.7x10mole.dm® SDSO in 0.2 mole.dfh HCI solution
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Fig.6 : Effect of Brij 58 co-surfactant on the ihttion efficiency of SDSO in the
presence of 5.7x10mole.dn? SDSO in 0.4 mole.dmHCI.

4. CONCLUSIONS

Based on the obtained results the following corichsscan be drawn from the present
study:

* The results obtained form corrosion rates curvesvéight loss method indicate
that SDSO has a good inhibition efficiency for carlsteel in HCI solution.

* The inhibition efficiency was found to be increaseith increasing SDSO
concentration and decreased with increasing theeraration of HCI. The IE%
up to 84 was obtained .

* The inhibition effect of SDSO is explained to beedwo its adsorption on the
cathodic sites on the carbon steel surface. Tharaut results indicate also the
optimum dosage of SDSO is very lower than CMC oE58D

« The effect of adding some inorganic ions e.g K+@ad Fé&" on the inhibitory
action of SDSO have been used to investigate ¢twimdicating that some of
these ions have a synergistic role with SDSO ornirthibiting the corrosion of
carbon steel. While Beions retard the inhibitory action of SDSO.

e Brij 58 polyoxylethylenic nonionic co-surfactant pnoves the anticorrosion
property of SDSO. The synergistic action was ex@gdiin terms of molecular
association and coadsorption of the two surfactamtSC surface.
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