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Abstract: In the presentstudy the corrosion rate of steel in anaggressive acidic mediumwiththeaddition of
the organicsubstance (1-(2-benzoylphenyl)-2-hydroxyethanone) atthreetemperatures was investigated. This
compoundwas laboratory synthesized for the purpose oftesting its inhibitory effectiveness in a corrosion medium of
0.1 M H,SO.. A gravimetric methodwas appliedin order to determine thecorrosionrateand the corresponding
degree of protection. It has been foundthat, despitethe existence ofa specificstructure and appropriatefunctional
groups, this substance (at relatively lowconcentrations) does not reveala highdegree of protection of steel in
sulfuric acid environment. However, the study performed helps to clarify the relation between the inhibitory
properties of different classes of organic compounds and the presence of different functional groups in their
structure.
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INTRODUCTION

There are a variety of approaches to combat corrosion of steel in acidic environments. The
choice of the most effective method of corrosion protection is related to taking into account all
interdependent factors, as well as to the economic results of its application. It is known that a
large number of organic compounds (Seetharaman, J. et al, 2019; Wang, Z. et al., 2019;
Sadeghi, R. et al., 2019; Popova, A. et al., 2018; Luo, X. et al., 2019; Zhang, G., et al., 2019;
Yadav. M. et al., 2016; Popova, A. et al., 2015) imported as additives in a corrosive environment
or in a protective coating (masks, paints, varnishes, polymers, etc.) reduce both the rate of
corrosion and its harmful effects. In our previous studies (Haralanova, T, et al. 2015; 2016; 2017,
2018) the inhibitory efficiency of a number of organic compounds with different functional
groups in the process of corrosion of steel was studied. The aim of the present work is to
investigate the inhibitory effect of 1-(2-benzoylphenyl)-2-hydroxyethanone on the corrosive
processes on steel in a 0.1 M H,SO,4 corrosive medium. As this compound possesses an
interesting structure and various functional groups it appears promising as a corrosion inhibitor
of steel in sulfuric acid environments. An attempt has been made to find a correlation between
the inhibitory effect of the synthesized organic compound and its structure.

EXPERIMENTAL

The organic compound 1-(2-benzoylphenyl)-2-hydroxyethanone was synthesized in
laboratory conditions and its purity was controlled by means of IR spectroscopy.
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During the experiments, as corrosive medium a 0.1 M aqueous solution of H,SO,4 (Merck)
was used.

The samples were cut from a cold-rolled sheet of steel with a content (wt.%) of the
alloying elements as follows: [C] = 0.20; [Mn] = 0.45; [Si] = 0.11; [S] <0.05; [P] <0.04; [Ni]
<0.3; [Cr] <0.3 and [As] <0.08. These samples were then shaped as disks with a working surface
of (9.20 £ 0.05) cm?2. Prior to the experiments, they were successively mechanically and
chemically polished, thoroughly washed with distilled water and dried.

The inhibitory compound was introduced into the corrosion medium in form of an ethanol
solution. The ethanol content in all the experiments was constant (2 vol. %). The concentration
of the organic compound ranged from 0.1 to 2.5 umol dm=3.

The investigations were carried out in a laboratory thermostated glass cell at three
operating temperatures (25, 35 and 45°C). The temperature was precisely regulated using a
laboratory thermostat.

The studies on the inhibitory action of the organic compound and the corrosion resistance
of the steel specimens were conducted by applying a gravimetric (weight) method (Haralanova,
T., et al. 2015). It is worth noting that this method is very common and widespread because it
can directly determine the mass of corroded metal. The data obtained therefrom are very reliable
and allow for arapid assessment of the inhibitory effect of the studied compound.

RESULTS AND DISCUSSION

The ChemSketch software was used to represent the structural formula of the investigated
organic compound (Fig. 1). The figure clearly shows that this compound contains different
functional groups: methylene, hydrocyclic, two keto groups and two aromatic nuclei. It is well
known that the aromatic compounds, as well as those containing keto groups, are effective
corrosion inhibitors in acidic media.

©) HO
1-(2-benzoylphenyl)-2-hydroxyethanone

Fig. 1. Structural formula of the studied organic inhibitor

The losses due to corrosion according to the gravimetric method are calculated by the
difference in masses before and after testing the investigated samples.
The corrosion rate is calculated by the expression:
m, —m

k= Soxt [g m’zh’lj .

In this equation with m, [g] and m[g] are designated the weight of the metal sample

before and after the experiment, respectively, S [m2] is the sample’s surface area and t [h] IS

the exposure duration in the corrosive medium.
In turn, the following magnitude can be used as a measure of the inhibitor effectiveness:
Degree of protection:

yA =(k°k_k)><100 [%],

0
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where k, is the corrosion rate of the metal in the corrosive environment without the

addition of an inhibitor and k is the corrosion rate with addition of an organic compound.
The gravimetric method, especially under conditions of uniform corrosion, is very
convenient for systematic investigations and evaluation of the effect of inhibitor concentration.
The effect of the inhibitor concentration on the corrosion rate of steel in a 0.1 M H,SO,
solution was investigated. The obtained values for the corrosion rate (k) and the degree of
protection (Z) of the tested steel samples at different concentrations of the organic additive, at
three temperatures, are presented in Table 1.

Table 1. Corrosion rate (k) and degree of protection (Z) values for different concentrations of the
organic additive atthe three investigated temperatures

25°C 35°C 45°C

C [umol dm‘3] K [gm_2 h_l] Z[%] |« [gm_2 h_l] Z[%] |« [gm_2 h_l] Z (%]
0.000 1.8113 - 3.0751 - 5.8364 -
0.001 1.3617 24.82 1.9384 36.96 2.6847 54.00
0.005 1.3214 27.05 1.8734 39.08 2.6612 54.40
0.010 1.2413 31.47 1.8272 40.58 2.6247 55.02
0.050 1.1985 33.83 1.8009 41.44 2.5913 55.60
0.100 1.1232 37.99 1.7358 43.55 2.5079 57.03
0.500 1.1192 38.21 1.6845 45.22 2.3914 59.03

In order to better illustrate the obtained results, the established dependencies are also
presented graphically (Fig. 2 and Fig. 3).
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Fig. 2. Dependence of the corrosion rate (k) on the concentration of the organic inhibitor (C)
at three temperatures
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Fig. 3. Degree of protection (Z) as a function of the concentration (C) of the investigated
compound at the three temperatures

The obtained results do not show values characteristic of good inhibitory protection of the
steel specimens in the studied corrosion environment.

One of the reasons for this is the poor solubility of the investigated substance (1-(2-
benzoylphenyl)-2-hydroxyethanone) in both water and ethanol. This circumstance limits its
maximum possible concentration that can be practically achieved in sulfuric acid corrosion
environment. Therefore, despite the presence of active groups in its molecule, its inhibitory
activity is much lower than expected.

CONCLUSIONS

In this study, systematic measurements of the inhibitory capability of 1-(2-benzoylphenyl)-
2-hydroxyethanone on the corrosion of industrial steel were performed in sulfuric acid media at
three different temperatures. The corrosion rate of steel in an aggressive acidic medium with the
addition of an organic compound was investigated. The effect of the concentration of the organic
substance on the corrosion rate and the degree of protection of the steel in sulfuric acid solution
has been studied. Despite the presence of different active groups in the molecule, the tested
compound is not suitable for inhibiting corrosion on steel.

The studies performed help to clarify the relationship of the inhibitory properties of
different classes of organic compounds with the presence of different functional groups in their
structure.
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