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Abstract. The inhibitory effect of two organic compounds has been studied:
2-(4-cyanophenyl)-1-oxo-1H-inden-3-yl acetate and 2-(4-fluorophenyl)-1-oxo-1H-
inden-3-yl acetate on samples of Steel 3 in 0.1 M H,SO,. Using gravimetric analysis
the corrosion rate, the inhibitor efficiency and its protective effect coefficient have been
determined. All experiments are carried out varying the substance concentration in the
interval (10 - 2x10- mol dm?), at 25 £ 1°C. The study of the inhibitors’ performance
was assessed in stationary corrosion state. The estimated values of the parameters
characterizing the corrosion processes demonstrate a satisfactory inhibitory effect of the
investigated substances.
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Introduction

The corrosion of metals is an undesirable spontaneous natural process. It causes
significant losses as a significant number of manufactured metal products become
unusable. The corrosion processes are also related to environmental pollution due to
leakage of hazardous industrial and domestic waste. Nowadays, the corrosion remains a
significant global issue which requires a constant search for and implementation of various
protection methods. The processes related to corrosion and the methods of protection
continue to be the subject of unrelenting theoretical and applied interest.

One of the most effective methods to reduce the aggressiveness of the corrosive
liquid/ gas media is the use of inhibitor protection. A number of organic compounds
(Ochao et al., 2004; Shalaby & Osman, 2001; Quraishi & Sardar, 2003) are known to
be applicable as corrosion inhibitors for steel in acidic media. The most investigated
corrosion media are chloride containing solutions (Wang et al., 2003; Mathiyarasu et al.,
2001; Rajendran et al., 1998) and those of sulfuric acid (Ebenso, 2003; Haralanova &
Girginov, 2014; Haralanova et al., 2014; Oguzie, 2004; Oguzie et al., 2004; Umoren et
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al., 2008). Such compounds typically contain nitrogen, oxygen, phosphorus or sulphur
in a conjugated system and function via adsorption of the molecules on the metal surface
in order to block the active sites, thus decreasing the corrosion rate (Wang et al., 2003).
The effect of the adsorbed inhibitor is to protect the metal from the corrosive medium
(Quraishi & Sardar, 2003).

The aim of this work is to study the inhibiting effect of two organic compounds on
the corrosion of steel in acidic environment.

Experimental

The investigations were carried out with Steel 3 samples, in the shape of plates with
a surface area of 2 x10-*m?2. The composition (Haralanova & Girginov,2014) of the steel
samples (wt. %) is: [C] 0.16; [Mn] 0.65; [S] < 0.05; [P] < 0.04; [Ni] < 0.3; [Gr] <0.3;
[As] <0.08; [Si] 0.05 - 0.15.

A1 M H,SO, aqueous solution was used as a corrosion medium (Umoren et al., 2008)
(Merck). The inhibitory action of two organic compounds: 2-(4-cyanophenyl)-1-oxo-
1H-inden-3-yl acetate and 2-(4-fluorophenyl)-1-oxo-1H-inden-3-yl acetate was studied,
varying their concentration in the interval (10-¢ - 2x10-* mol dm=3). These substances are
synthesized in the laboratory of the Department “Chemistry and Chemical Technologies”
of the Ruse University “Angel Kanchev”, Subsidiary in Razgrad (Prof. N. Stoyanov).
All experiments were conducted in a constant-temperature corrosive environment at
25 £ 1°C. The corrosion resistance of the steel samples was evaluated using classic
gravimetric analysis.

Results and discussion
The structural formulae of the organic inhibitor molecules are as follows:

2-(4-cyanophenyl)-1-oxo-1H-inden-3-yl acetate
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2-(4-fluorophenyl)-1-oxo-1H-inden-3-yl acetate

The conducted preliminary studies show that a stationary value of the corrosion
rate (K) is reached after 20 hours. This time value is reached in 0.1 M H,SO,, and at a
concentration of the inhibitor C = 1x10-5 [mol dm-3].

An evaluation of the corrosion resistance of steel in certain compositions of the
medium is made by calculation of three quantitative parameters (Ochao et al., 2004;
Oguzie et al., 2004; Haralanova et al., 2014). All results are then compared with those
obtained in absence of inhibitor (Shalaby & Osman, 2001).

The corrosion rate (K) obtained using the gravimetric analysis is calculated:

K = (mo -m )
St
where with m,, [g] is denoted the weight of the sample before its submission to the
corrosion environment, m [g] is the weight of the metallic sample after the experiment,
S [m?] is the surface area of the sample and ¢ [h] is the exposure time. The dependency
of the corrosion rate on concentration is plotted in Fig. 1.
The inhibitor efficiency (Z) could be ascertained by the follow equation:

[gm™>hT], (1)

,_K,—K

x100[%], 2
0
where K|, is the corrosion rate of the metal without inhibitor and K is its corrosion rate in
the presence of organic inhibitor. The obtained experimental data are presented in Fig. 2.
From the obtained experimental data on the corrosion rate in the absence (K,) and
in the presence (K) of an inhibitor, the inhibitor’s protective effect coefficient (Y) can
easily be determined:
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Fig. 1. Rate of corrosion (K) depending on the concentration of organic inhibitors
in 0.1 M H,SO, (25°C)
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Fig. 2. Dependency of the degree of protection (Z) on the corrosion inhibitor
concentration in 0.1 M H,SO, (25°C)
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y-te 3)

The calculated values for Y are given in Fig. 3.

The obtained results for the characteristics of the corrosion processes are logical. With
increasing concentration of the inhibitor in sulfuric acid solution, the corrosion rate of
the steel sample decreases, and accordingly both the inhibitor efficiency (Z), as well as
the coefficient of the protective effect of the inhibitor (Y) grows. On the other hand with
increasing the concentration of the inhibiting organic compound, the rate of corrosion
(K) of the steel decreases, but after a certain value of the concentration: 2x10-° mol dm-3
it practically remains constant.
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Fig. 3. Protective effect coefficient (¥) vs. concentration of organic inhibitor added to
0.1 M H,SO, (25°C)

Conclusion

The conducted preliminary studies have shown that the substances 2-(4-cyanophenyl)-
1-oxo0-1H inden-3-yl acetate and 2-(4-fluorophenyl)-1-oxo-1H-inden-3-yl acetate added
to 0.1 M H,SO, decrease the corrosion rate of samples from Steel 3. As a result of their
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addition, the values of the inhibitor efficiency and the protective effect coefficient for
both inhibitors considerably increase. Practically both inhibitors have the same effect on
the corrosion process, despite the difference in their composition (cyano/fluoro). This
is due to their identical structural configuration. The fact that the studied compounds
noticeably reduce the aggressiveness of the corrosion environment, identifies them as
promising inhibitors for the protection of works, made out of this type of steel. In order
to obtain additional information, further studies using modern electrochemical methods
have been planned.

Acknowledgement. The authors are indebted to the National Research Fund
(Bulgaria) for the funding of this work under contract DFNI T02/27-2014.

REFERENCES

Ebenso, E.E. (2003). Synergistic effect of halide ions on the corrosion inhibition of
aluminium in H,SO, using 2-acetylphenothiazine. Mater. Chem. Phys. 79, 58 - 70.

Haralanova, T. & Girginov, C. (2014). Study of the influence of 5-[2-(methylsulfanyl)
ethyl]-2-thioxoimidazolidin-4-one and 4-thioxo-1,3-diazaspiro[4,4 Jnonan-2-one on
the process of corrosion of steel in acidic environment. Proceed. University of Ruse
“Angel Kanchev” Chem. Technol. 53(10.1), 137 — 141.

Haralanova T., Girginov, C. & Filipova, M. (2014). A study of the inhibition properties of
2-(4-substitued phenyl)-isoquinoline-1,3(2H)diones, Science & Technologies 4, 84 - 89.

Mathiyarasu, J., Nehru, L.C., Subramanian, P., Palaniswamy, N. & Rengaswamy, N.S.
(2001). Synergistic interaction of indium and gallium in the activation of aluminium
alloy in aqueous chloride solution. Anticorros. Methods & Mater. 48, 324 - 329.

Ochao, N., Moran, F. & Pebere, N. (2004). The synergistic effect between
phosphonocarboxylic acid salts and fatty amines for the corrosion protection of a
carbon steel. J. Appl. Electrochem., 34, 487 - 493.

Oguzie, E.E. (2004). Influence of halide ions on the inhibitive effect of congo red dye on
the corrosion of mild steel in sulphuric acid solution. Mater. Chem. Phys. 87,212 -217.

Oguzie, E.E., Unaegbu, C., Ogukwe, C.N., Okolue, B.N. & Onuchukwu, A.I. (2004).
Inhibition of mild steel corrosion in sulphuric acid using indigo dye and synergistic
halide additives. Mater. Chem. Phys. 84, 363 - 368.

Quraishi, M.A. & Sardar R. (2003). Corrosion inhibition of mild steel in acid solutions
by some aromatic oxadiazoles. Mater. Chem. Phys. 78, 425 - 431.

Rajendran, S., Apparoa, B.V. & Palaniswamy, N. (1998). Synergistic effect of ethyl
phosphonate and Zn2?* in low chloride media. Anticorros. Methods & Mater. 45,
338 - 343.

402



Organic Compounds as Inhibitors for Mild Steel in 1 M H,SO,

Shalaby, M.N. & Osman, M.M. (2001). Synergistic inhibition of anionic and nonionic
surfactants on corrosion of mild steel in acidic solution, Anti-corros. Methods Mater.
48,309 - 318.

Umoren, S.A., Eduok, U.M. & Oguzie, E.E. (2008). Corrosion Inhibition of Mild Steel
in 1 M H,SO, by polyvinyl pyrrolidone and synergistic iodide additives, Portugaliae
Electrochim. Acta 26, 533 - 546.

Wang, H.-L., Fan, H.-B. & Zheng, J.-S. (2003). Corrosion inhibition of mild steel in
hydrochloric acid solution by a mercapto-triazole compound. Mater. Chem. Phys.
77, 655-661.

D41 Dr. Temenujka Nikolova Haralanova (corresponding author)
Ruse University “A. Kanchev”, Branch Razgrad,

47 Aprilsko Vyzstanie, Blvd.

7200 Razgrad, Bulgaria

E-mail: haralanova97@abv.bg

403



