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The inhibition performance of imidazolium based aprotic ionic liquids (ILs) [Csmim][NOs3],
[C4smim][BF4] and [C4Cimim][BF4] on mild steel corrosion in hydrochloric acid was studied at 303-
313K using weight loss and hydrogen evolution techniques. Inhibition efficiency increased and
corrosion rate decreased with increase in ILs concentration. The order of the inhibition efficiency is
[Csmim][NO3s] > [Csmim][BF4] > [C4Cimim][BF4]. The adsorption of ILs follows Langmuir
adsorption isotherm model. Physical adsorption is proposed from the values of AG,qgs Obtained.
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1. INTRODUCTION

Mild steel is the most common constructional material for various industries due to its excellent
mechanical properties. It is widely used in the industries as storage tanks, different machinery parts,
pipelines of petroleum industries, reaction vessels and boilers [1, 2]. Acids are widely used in various
industrial operations such as pickling, cleaning, descaling and acidisation of oil wells. Because of the
aggressiveness of the acids inhibitors are used to reduce the rate of dissolution of the metal.
Hydrochloric acid is most common acid used in all such industrial operations [3-6]. The use of
inhibitors is the most economical and practical method of reducing corrosive attack on metal [7]. In the
past few decades, the inhibition of mild steel corrosion in acid solutions by various types of organic
inhibitors has attracted much attention [8-11].Inhibition properties of the organic compounds depends
upon the functional group which adsorbed on the metal surface. Most of the efficient organic
compounds that act as corrosion inhibitors have oxygen, sulphur, nitrogen atoms and multiple bonds
through which they adsorb on the metal surface [12-16]. Most of the organic compounds used as
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corrosion inhibitors are highly toxic to human beings and the environment. lonic liquids have attracted
considerable attention in recent years because of their environment friendly nature [17-18].

lonic liquids are molten salts which are composed of the organic cation and various anions.
Melting points of ionic liquids are at or below ambient room temperature. lonic liquids possess large
number of physicochemical properties mainly, good electrical conductivity, solvent transport, and a
relatively wide electrochemical window [19-21]. One of the most important properties of ionic liquids
Is that of negligible vapour pressure [22], which leads it towards the eco-friendly, less hazardous
inhibitor for metal corrosion. lonic liquids consist of an amphiphilic group with long chain,
hydrophobic tail and a hydrophilic polar head. Mostly, ionic liquids (ILs) have hetero atoms such as
nitrogen, sulphur and phosphorus as the central atoms of cations such as imidazolium, pyrrodinium,
pyridinium, sulphonium, quaternary phosphonium etc.

Imidazolium compounds are reported to show the corrosion protection tendency on mild steel
and other metals [23-26]. The present work describes a study of the corrosion of mild steel in 0.5 M
HCI without and with different concentrations of three imidazolium based aprotic ionic liquids using
the hydrogen evolution and weight loss techniques. Molecular structures of the ILs used in study are
given in Figure 1 below.
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Figure 1. Structure of lonic Liquids (ILS)

2. EXPERIMENTAL

The mild steel used in the study had the following composition (wt %), C (0.19), Si (0.26), Mn
(0.64), S (0.05), P (0.06), Ni (0.09), Cr (0.08), Mo (0.02), Cu (0.27), and the remainder iron (Fe). The
mild steel coupons were prepared, degreased and cleaned as previously reported [27-30]. The
concentration of the blank corrodent, HCI (BDH Chemical Supplies Laboratory, England) prepared
and used was 2M. The ionic liquids used, as inhibitors in the present study are all products of Sigma
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Chemicals. All preparations were carried out using deionized water. All chemicals and reagents used
were of analytical grade. They were used as sourced without further preparation.

The apparatus and procedure followed for weight loss and hydrogen evolution methods were
similar to that earlier reported [27-30]. In the weight loss method, the progress of the corrosion
reaction was monitored by determining the weight loss of the coupons (obtained as the differences in
the weight of the coupons after immersion in different solutions of the system and the original weight
of the coupons) and careful measurement of the volume of hydrogen gas evolved for weight loss and
hydrogen evolution methods respectively at fixed time intervals. In both techniques, the experiments
were conducted at 303 and 313K maintained in a thermostated bath.

3. RESULTS AND DISCUSSIONS

3.1. Hydrogen evolution technique

This technique is used to know the inhibitive properties of the ILs used in the study. The graph
of the inhibition efficiency obtained from this technique against the concentration of inhibitors is
shown in Figure 2. It is evident from the figure that inhibition efficiency increases with increase in the
inhibitor concentration for all the ILs used in the study. Increase in the inhibition efficiency suggests
that these ILs are good corrosion inhibitors for mild steel in hydrochloric acid environment. It is also
shown from figure 1 that [C, mim][NOs3] gives the highest inhibition efficiency in all concentrations.
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Figure 2. Plot of inhibition efficiency obtained from hydrogen evolution technique against inhibitor
concentration for mild steel in 0.5M HCI solution at 303K.
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3.2. Weight loss technique

The values of % inhibition efficiency and corrosion rate from weight loss method at different
concentrations of ILs in 0.5 M HCI at 303K and 313K are presented in Tablel.

Tablel. Weight loss data for mild steel corrosion in the presence and absence of different
concentrations of ILs in 0.5 M HCI at 303 and 313K.

Name of Inhibitor

C. (mpy) C; (mpy)
- Blank - 35.42 - - 56.38 -
100 64.60 7.89 0.65 54.50 9.34 0.55
200 70.98 6.26 0.71 61.02 7.28 0.61
[Csmim][NOs] 300 81.34 4.02 0.81 70.81 4.62 0.71
400 87.80 2.55 0.88 76.42 2.94 0.76
500 95.48 0.79 0.96 84.60 0.89 0.85
100 61.20 9.29 0.61 50.81 11.20 0.51
200 66.54 6.20 0.67 55.62 7.42 0.56
[Csmim][BF,] 300 77.28 4.05 0.77 68.41 458 0.68
400 84.19 2.47 0.84 72.91 2.85 0.73
500 92.48 1.20 0.93 80.24 1.38 0.80
100 60.41 9.17 0.60 48.24 11.48 0.48
200 62.80 6.80 0.63 51.42 8.31 0.51
[C4Cimim][BF,] 300 74.11 4.67 0.74 63.84 5.42 0.64
400 83.62 2.41 0.84 73.00 2.75 0.73
500 89.74 1.76 0.90 78.94 2.00 0.79
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Figure 3. Plot of inhibition efficiency obtained from weight loss technique against inhibitor
concentration for mild steel in 0.5M HCI solution at 303K.
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Figure 4. Plot of inhibition efficiency obtained from weight loss technique against inhibitor
concentration for mild steel in 0.5M HCI at 313K.

Variation in inhibition efficiency with inhibitors concentrations at 303K and 313K are
presented in Figures 3 and 4 respectively. It is observed from the figures that the inhibition efficiency
increases with increase in the concentration of all three ILs used in study at both temperatures 303K
and 313 K. It is found that all the ILs give maximum efficiency at 500 mg I™. In all among ionic
liquids [Csmim][NO3] gave maximum inhibition efficiency. It is evident from the Table 1 that
corrosion rate decreases and inhibitor efficiency increases with increase in ILs concentrations where as
corrosion rate increases and inhibition efficiency decreases with increase in the ILs concentrations.
Results obtained from the weight loss study are in good agreement with the hydrogen evolution
technique.

3.3. Adsorption isotherm

Adsorption of the inhibitor molecule mainly depends upon charge and nature of the metal
surface, electronic characteristics of the metal surface, adsorption of solvent and other ionic species,
temperature and electrochemical potential at solution interface [31]. Inhibitor molecules undergo two
types of adsorption with the metal surface. One is the physical adsorption (physisorption) resulting due
to electrostatic attraction between inhibiting organic ions or dipoles and the electrically charged
surface of metal and the other, chemical adsorption (chemisorption) resulting when charge sharing or
charge transfer from adsorbates to the metal surface atoms in order to form a covalent type of bond.
Chemical adsorption has free energy of adsorption and the activation energy higher than the physical



Int. J. Electrochem. Sci., Vol. 6, 2011 4291

adsorption [32]. The adsorption isotherm describes the adsorptive behaviour of organic compounds in
order to know the adsorption mechanism. The most frequently used adsorption isotherms are
Langmuir, Temkin, Frumkin and Freundlich isotherms. To obtain the adsorption isotherm, the degree
of surface coverage (0) was calculated for various concentrations of ILs at 303K and 313K from the
weight loss data and presented in Tablel.

Langmuir adsorption isotherm was tested to fit with the experimental data. Langmuir
adsorption isotherm is represented by equation:

C.. 1
I __~_ 4,
0 Ky M @

ads

where, Kags = adsorption equilibrium constant, 8 = degree of surface coverage and Ciny is molar
concentration of the inhibitor used in acid solution. Straight lines were obtained by plotting the graph
of Cinn /0 vs. Cinp for the three ILs at 303K and 313K (Figure 5a and b). The regression coefficient is
almost unity. These results suggest that the Langmuir adsorption isotherm model gives the best
description of the adsorption behaviour of ILs on the mild steel surface. The parameters calculated
from the Langmuir adsorption isotherm model are reported in Table 2.
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Figure 5. Langmuir adsorption isotherm plots for the ILs at (A) 303K and (B) 313 K

Table 2. Langmuir adsorption parameters

Inhibitor Temp (K)  Kags(mol™)  Slope R’ AGags (kJmol™)
[C.mim][NOs] 303 24213 0.9068  0.9925  -29.75

313 1926.8 1.0113 0.9904 -30.14
[C.mim][BF,] 303 2392.3 0.9252 09901  -29.72

313 1926.8 1.0487 0.9907 -30.14
[C.Cimim][BF,] 303 2352.9 0.9368 0.9871 -29.68

313 1639.3 1.0056 0.9802 -29.72

3.4. Thermodynamic consideration

Equilibrium constant for the adsorption process is related to the standard free energy of
adsorption by the following expression [33]:

1 — AG¢
K — e ads
** 555 Xp( RT j

(3)
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This equation can also be expressed as:

AG,,, = —2.303RT log(55.5K _,.) (4)

where, AGgyqs 1S Gibbs Free energy of adsorption, T is temperature in Kelvin and Kggs is the
equilibrium constant for adsorption process and 55.5 is the molar concentration of water in solution.
Kags Value was calculated from the intercept of Figure 5a and 5b and listed in Table 2. The negative
values of AGygs ensure the spontaneity of the adsorption process and the stability of the adsorbed
species on the mild steel surface [34, 35]. Usually the values around -20kJ mol™ or lower are
consistent with physical adsorption, while those higher than -40kJ mol™ involves chemical adsorption
[36]. When charged species adsorbed on the metal surface, there is possibility of the columbic
interaction between adsorbed cation and anion thereby causing increase in the AGggs even if no
chemical bonds are formed [37]. The values of AG,qgs for the ILs are listed in Table 2. These values
indicate the physical adsorption of the ILs on mild steel surface. The adsorption is enhanced by means
of the presence of nitrogen atoms with lone pair of electrons in the ILs molecules that influence it to
adsorb electrostatically on the mild steel surface forming the insoluble and stable inhibitor film on
metal surface that decreases the metal dissolution.

3.5. Mechanism of inhibition

The imidazolium group as well as nitrogen atom in the hetero aromatic ring of imidazolium
compounds can be protonated in acidic solutions. Li.et al [38] and Yurta et al [39] have reported the
mechanism of corrosion inhibition for the dissolution of mild steel as follows;

The anodic dissolution of iron follows the steps:

Fe + Cl" — (FeCl)ags (5)

(FECl)ags — (FeCl)ags+ € (6)

(FeCl)ags — (FeCl")as+ € (7
FeCI" — Fe' +CI (8)

The cathodic dissolution of iron follows the steps:
Fe +H" — (FeH")aus (9)
(FeH+)ads + e- ad (FeH)ads (10)

(FeH)ads + H+ + e- — Fe + H2 (ll)
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ClI anionis first adsorbed onto the positively charged metal surface by columbic attraction. The
steps that follow involve the adsorption of inhibitor molecules through electrostatic interactions
between the positively charged molecules and the negatively charged metal surface. The adsorbed
molecules interact with (FeCl),qs Species to form monolayer on the surface. This is how the steel
surface is protected from the attack by aggressive chloride ions.

4. CONCLUSIONS

All the measurements shows that the imidazolium based ionic liquids have excellent inhibition
properties against the mild steel corrosion in hydrochloric acid solution. ILs showed their maximum
inhibition efficiency at 500 mgl™ concentration. [Csmim][NO3] showed maximum inhibition efficiency
among three studied ILs. Inhibition efficiency reported from hydrogen evolution and weight loss
techniques are in good agreement. The inhibitors follow the Langmuir adsorption isotherm model.
Results of Gibbs free energy indicate that the adsorption process is spontaneous and follow the
physical adsorption mechanism.
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