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Abstract

The corrosion inhibition of aluminium and steel in the hydrochloric acid solution by 1-octyl-3-methylimidazolium
bromide, 1-octyl-3-methylimidazolium hydrogensulphate and 1-dodecyl-3-methylimidazolium bromide was
investigated using electrochemical and weight loss methods. The qualitative surface analysis was carried out.
All the imidazolium salts under investigation act as mixed type inhibitors with predominantly cathodic action on
aluminium and predominantly anodic action on steel. The inhibition efficiency of 1-octyl-3-methylimidazolium
hydrogensulphate was higher than 99 % for aluminium but decreased with time rapidly. The surface analysis
elucidated the differences between the inhibition action on the mild and stainless steel. The Gibbs energy of
adsorption was calculated by means of the Langmuir isotherm.
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1. INTRODUCTION

Aluminium and iron belong to the most often used construction materials. Although a compact, strongly
adherent and continuous film is developed on aluminium upon exposure to the atmosphere, it can corrode in
acid and bases [1-4]. Mild steel is also little resistant to corrosion. The utilization of organic inhibitors is a
foremost corrosion prevention technique. Imidazolium-based salts are often used as corrosion inhibitors due
to the presence of a -C=N- group [5-7]. The inhibition efficiency depends on the strength of adsorption. The
more negative the Gibbs energy absorption derived from thermodynamics of the adsorption process, the higher
the inhibition potential. The experimental data often fit the Langmuir adsorption isotherm. Based on the good
results with the alkylimidazolum salts, bromides were tested also as corrosion inhibitors for aluminium. In
addition to bromides, 1-octyl-3-methylimidazolium hydrogensulphate was synthetized. The aim of this study
was also to elucidate the differences in the inhibitor adsorption on the surface of the mild and stainless steel.

2, EXPERIMENTAL

2.1. Materials

The aluminium wire (99.9), the mild steel wire containing (wt. %) 0.1 C, 1.5 Mn, 0.9 Si, 0.03 S, 0.04 P and
balance Fe and the AISI 316 stainless steel wire of the composition (wt. %) 0.07 C, 1 Si, 2 Mn, 0.04 P, 17 Cr,
10 Ni and balance Fe were used. The steel specimens were abraded using various grades of emery papers,
washed with distilled water, degreased in acetone and air-dried. The aluminium samples were not abraded in
order to preserve the protective oxide layer. The solutions were prepared by dilution of inhibitors in hydrochloric
acid of 1000 mol m= concentration. Imidazolium-based compounds were prepared in the microwave reactor
using equimolar amounts of primary alkylbromide and 1-methylimidazole. 1-octyl-3-methylimidazolium
bromide (C8MImBr) and 1-octyl-3-methylimidazolium hydrogensulphate (C8MImHSO4) can be classified as
ionic liquids. 1-dodecyl-3-methylimidazolium bromide (C12MImBr) has similar properties but it is solid at 20 °C.

2.2. Electrochemical measurements

All electrochemical measurements were carried out on Voltalab VM 40, Radiometer Analytical (France). A
three-electrode electrochemical system was used with the steel wire as working electrode (0.4 cm?), platinum
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wire as counter electrode and Ag / AgCl in 3 M KCl in the acid solution and SCE in the basic or neutral solution
as reference electrode. All experiments were performed under atmospheric condition without stirring at 20 °C.
Prior to the electrochemical measurements, a stabilization period of 45 min was allowed, which was proved to
be sufficient to attain a quasi-equilibrium state for the open circuit potential (OCP) measurement. The
potentiodynamic polarization curves were recorded in the potential range from —150 below to +150 mV above
OCP at a scan rate of 1 mV-s™" in the positive direction. The EIS measurements were carried out in a frequency
range from 100 kHz to 100 mHz with an amplitude of 5 mV peak to-peak, using the AC signal at the OCP.

2.3. Weight loss measurements and surface analysis

Gravimetric measurements were performed with the samples prepared in the same way as the working
electrode. The wires weighing about 0.2 g were immersed into the 1000 mol m-3 HCI solution (20 ml) with or
without the inhibitor for several days and the weight loss was determined. The inhibition efficiency for the
weight loss measurements was calculated from the equation (1), where WLY is the weight loss in 1000 mol
m-3 HCI solution and WL/ is the weight loss in the presence of the inhibitor.
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The surface analysis was carried out using a scanning electron microscope QUANTA 450 FEG EDX, equipped
with the EDX analyzer. The snaps were acquired in the secondary electrons mode.

3. RESULTS AND DISCUSSION

3.1. Potentiodynamic polarization curves and electrochemical impedance spectroscopy

The electrochemical parameters as corrosion potential Ecor (MmV), corrosion current density icor (MA / cm?),
cathodic and anodic Tafel slopes Bc (mV)and Ba (mV) and polarization resistance Ry (Q « cm?2) were calculated
via the analysis tool incorporated in VM 40 software (Table 1). The inhibition efficiency IE; (%) was calculated
from the following equation, where i® and il is the corrosion current density without and with the inhibitor:

0t

IE; = —~x100 (2)

Figure 1 presents the polarization curves of mild steel in 1000 mol m- HCI containing 1-octyl-3-
methylimidazolium hydrogensulphate. It can be seen that the corrosion potential is shifted slightly to the
positive direction depending on the inhibitor concentration. Because the difference is less than 85 mV, this
compound can be classified as mixed type inhibitor with a predominant anodic action. The corrosion current
densities in the presence of the inhibitor are lower than without this compound and the inhibition efficiency is
only slightly dependent on the inhibitor concentration. It reaches 86 % for the highest concentration. The
inhibitive effect was tested also for aluminium (Figure 2). The difference between the corrosion current
densities with and without inhibitor are much more significant. In that case the cathodic action can be seen.
The inhibition efficiency is higher than 99 % for all the concentrations.

For the EIS measurements, an equivalent circuit with the solution resistance Rs in series with the parallel
combination of the constant phase element (CPE) and the polarization resistance Rp was used. The
polarization resistance includes all the metal/solution interface resistances - the charge transfer resistance,
accumulation resistance and diffusion layer resistance. The EIS measurements were evaluated by means of
EIS analyser software. The inhibition efficiency was calculated from the equation (3), where R, and R,? are
the polarization resistances of the solution with and without the inhibitor. The values were slightly lower than
those obtained from the polarization measurements.

50
IEgss = R”R RP 100 (3)

P
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Figure 1 Potentiodynamic polarization curves of corrosion inhibition of mild steel
in 1000 mol m-3 HCl in the absence and presence of 1-octyl-3-methylimidazolium hydrogensulphate

-4
-1000

-900

-800

-700
E (mV)

-600 -500 -400

Figure 2 Potentiodynamic polarization curves of corrosion inhibition of aluminiumin 1000 mol m-=3 HCl in the
absence and presence of 1-octyl-3-methylimidazolium hydrogensulphate
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Figure 3 Nyquist plots of corrosion inhibition of mild steel in 1000 mol m-3 HCI in the absence and presence
of 1-octyl-3-methylimidazolium hydrogensulphate
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Figure 4 Nyquist plots of corrosion inhibition of aluminium in 1000 mol m=3 HCI in the absence and presence
of 1-octyl-3-methylimidazolium hydrogensulphate

Table 1 Electrochemical polarization parameters for mild and stainless steel in 1 M HCI solution in the absence
and presence of 1-alkyl-3-methylimidazolium bromides at 20 °C.

c (mol dm) | Ba(mV/dec) | -B(mV/dec) Ecor (MmV) Rp (Q cm?) IE (%)
blank 97 114 -461 161
cz'\aﬂnu?r:ltﬂeselc’) . 0.001 109 385 -423 833 76
0.01 94 204 417 714 86
blank 158 282 -730 0.756
oy 0.0005 10 130 767 189 99
0.005 10 198 763 101 99
Aluminium,C8MImBr 0.001 6 133 762 909 99
AlSI 316 blank 50 193 -280 270
AISI 316, C8MImBr 0.001 20 208 -249 313 39
AIS| 316, C12MImBr 0.001 22 189 -245 370 68

The use of CPE represents the more accurate fit in the case of deviation from an ideal capacitor as a result of
different phenomena like surface roughness, inhibitor adsorption, porous layer formation, etc. The impedance
Z of CPE (Q) is given by the equation (4).

Zcpe = [Q(jw)"} (4)

The exponent n used to be 0.7 - 1 and is equal to one in case of the ideal capacitor. The solution resistances
are not reported in the table because of the considerable calculation error. The values were less than 2 Q cm?Z.
Figures 3 and 4 show the Nyquist plots of the mild steel and aluminium in the absence and presence of
C8MImHSO4. The lines present the fitted spectrum and the points indicate the experimental values.

3.2. Surface analysis, weight loss measurements and adsorption isotherms

The surface analysis indicated the preferential inhibitor adsorption on iron. On the other hand, the alloying
elements, especially molybdenum, do not interact with inhibitor CBMImBr so much (Table 2). Figure 5
presents the surface analysis of the original mild steel, a wire after 7 days immersion in HCI solution and after
7 days immersion in 0.001M 1-octyl-3-methylimidazolium hydrogensulphate solution. The protective effect of
the inhibitor can be seen.
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The weight loss measurements indicated that the inhibition efficiency for the mild steel remained after seven
days immersion into the inhibitor solution while in the case of AISI 316 stainless steel id decreased strongly
(Table 3). The aluminium wire was completely dissolved after seven days in the solution of all the inhibitors
and the inhibition efficiency was zero.

Table 2 Semi-quantitative X-ray microanalysis of AISI 316 wires surface - the original samples (untreated), the
samples immersed into the 1M HCI solution, the samples immersed into the 1M HCI solution with the
inhibitor CBMImBr or C12MImBr after 7 days (wt %).

Name 0] Si Cr Mn Fe Ni Mo
Untreated 2.51 0.62 16.97 1.66 65.38 10.36 2.49

1M HCI 8.44 0.65 15.59 1.82 57.60 9.28 6.63
0.001M C8MImBr 4.58 0.58 16.72 1.58 63.02 9.91 3.60
0.001M C12MImBr 7.36 0.67 16.31 1.57 58.97 9.33 5.79

Table 3 Inhibition efficiency after 1 and 7 days calculated from the weight loss measurements

0.005 0.005 0.005 0.005 0.0075 0.0075 0.0075 0.0075
C8, 1 C8,7 C12, 1 C12,7 C8, 1 C8,7 C12, 1 C12,7
Mild steel 91.7 97.5 91.1 96.8
AISI 316 23.2 5.6 21.3 6.3 17.6 6.7 30.1 16.6

Gibbs energy of adsorption represents the strength of adsorption or desorption between adsorbate and
adsorbent. The values of surface coverage, © (IE / 100) for the different concentration of 1-alkyl-3-
methylimidazolium salts proved to fit Langmuir adsorption isotherm (5). C is he molar concentration of the
inhibitor and K is the equilibrium constant of the adsorption reaction. Figure 6 presents curve fitting of the data
obtained from polarization curves to Langmuir isotherm for mild steel in 1000 mol m HCI and 1-octyl-3-
methylimidazolium hydrogensulphate. The value of Gibbs energy was -32.2 kJ/mol.

(®)

Figure 5 SEM analysis of the original mild steel (a), a wire after 7 days immersion in 1M HCI solution (b)and
after 7 days immersion in 0.001M 1-octyl-3-methylimidazolium hydrogensulphate solution (c)

4. CONCLUSION

1-octyl-3-methylimidazolium hydrogensulphate, 1-octyl-3-methylimidazolium bromide and 1-dodecyl-3-
methylimidazolium bromide proved to be mixed-type inhibitor with predominant cathodic inhibitive effect for
aluminium. The inhibition efficiency was higher than 99 % after 45 minutes but it decreased to zero after seven
days. All the compounds under investigation have the predominant anodic inhibitive effect in the case of the
mild and stainless steel. While the inhibition efficiency remained higher than 90 % for the mild steel, this value
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was less than 50 % and decreased more than twice after seven days for the stainless steel. The surface
analysis demonstrated that 1-octyl-3-methylimidazolium bromide is probably adsorbed on iron in preference
and the interaction with molybdenum is weaker. The value of the Gibbs energy obtained from the Langmuir
isotherm for mild steel 1-octyl-3-methylimidazolium hydrogensulphate from the polarization curves was -32.2
kJ/mol.
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Figure 6 Curve fitting of the data obtained from polarization curves to Langmuir isotherm for mild steel in
1000 mol m-2 HCI and 1-octyl-3-methylimidazolium hydrogensulphate
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