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ABSTRACT

Naphthylchalcones namely (E)-3-(4-chloro phenyl)-1-(naphthalen-1-yl) prop-2-en-1-one (Compound-I), (E)-3-
phenyl-1-(naphthalen-1-yl) prop-2-en-1-one (Compound-II), (E)-3-(4-methyl phenyl)-1-(naphthalen-1-yl) prop-2-
en-1-one (Compound-III) and (E)-3-(4-methoxy phenyl)-1-(naphthalen-1-yl) prop-2-en-1-one (Compound-I1V) have
been synthesized and investigated as a corrosion inhibitors in sulphuric acid medium using weight loss
measurements. From weight loss measurements, the inhibition efficiency of the naphthyl chalcones were found to
dependent on the inhibitors concentration and nature in weight loss and an increase in the percentage inhibition. The
order of inhibition efficiency of the compounds from weight loss measurements decreases in the following order:
Compound IV> Compound-III > Compound-II > Compound-I. The compound IV (-OCH;) has the highest
inhibition efficiency (99.04%).
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INTRODUCTION

Mild steel is widely applied as the constructional materials in many industries due to its excellent
mechanical properties and low cost. Sulphuric acid is also an important mineral acid with many uses in
the same systems and leads the researchers to the study of the effect of the corrosion inhibitors' . The
selection of inhibitor is controlled by its economic availability, its efficiency to inhibit the substrate
material and its environmental side effects. So most of the excellent acid inhibitors for corrosion of steel
in acidic medium are organic compound containing nitrogen, oxygen and/or sulphur atoms®'.
Availability of m electron due to the presence of multiple bonds or aromatic rings in the inhibitors
molecule would facilitate electron interact with d-orbital of iron''"*. Chalcones of are great importance in
different field for example medicinal chemistry, antibacterial, antifungal, insecticidal, anesthetic, anti
inflammatory, analgesic etc'*'”. In the view of the various chemical and biological applications, few
chalcones have recently been reported as effective corrosion inhibitors for mild steel'®'®. The aim of this
paper is to synthesize the four compounds namely (E)-3-(4-chloro phenyl)-1-(naphthalen-1-yl) prop-2-en-
1-one (Compound-I), (E)-3-phenyl-1-(naphthalen-1-yl) prop-2-en-1-one (Compound-II), (E)-3-(4-methyl
phenyl)-1-(naphthalen-1-yl) prop-2-en-1-one (Compound-III) and (E)-3-(4-methoxy phenyl)-1-
(naphthalen-1-yl) prop-2-en-1-one (Compound-IV) and to study the inhibiting action of four synthesized
Naphthylchalcones containing oxygen and aromatic rings and also to discuss the corrosion mechanism of
the compounds.

EXPERIMENTAL
Preparation of Inhibitors
(E)-3-(4-substituted phenyl)-1-(naphthalen-1-yl) prop-2-en-1-one is synthesized by 1-acetyl naphthalene
with substituted Benzaldehyde and have the structures are given below (Scheme-1).
Formations of these compounds were established by both elemental and spectral analysis. In general, the
IR spectra gave an absorption bands at 1653cm™ and 1608cm™ due to the C=0 and C=C respectively.
Fresh solutions of the 2M sulphuric acid was prepared for each experiment using analytical grade of
sulphuric acid (98%) and diluted with distilled water. The concentration range of inhibitors was 2 x10°M
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to10x10°M. The composition of mild steel is (wt. %): 0.13% C, 0.18% Si, 0.39% Mn, 0.40% P, 0.04% S,
0.025% Cu and Fe balance. The mild steel specimens of 3x3x0.6 cm dimensions were abraded with
different grades of emery papers and then washed with distilled water and acetone. After weighing
accurately, the specimens were immersed in solutions containing 2M H,SO, solution without and with the
addition of different concentrations of inhibitors. All the aggressive solutions were open to air. After 24
hours, the specimens were taken out, washed, dried, and weighed accurately. In order to get good
reproducibility, experiments were carried out in triplicate, and the average weight loss of three parallel
mild steel was reported.

@) = R
e \,C=CH
0= 3 R C
NaOH
+

C,H;OH

Stirring for . . , 1. 2-en-1-
J-acetyl naphthalene an hour (E)-3-(4-substituted phenyl)-1-(naphthalen-1-yl) prop-2-en-1-one

PN
substituted benzaldehyde

Where R=-Cl, -H, -CHj3, -OCHj; for compounds I, II, III, IV respectively.

Scheme-1

Weight loss measurements

The weight loss method (Gravimetric method) is probably the most widely used method of inhibition
assessment. The mild steel coupons were polished by different emery papers, cleaned, weighed and then
immersed in test solution. Weight loss measurements were conducted under total immersion using 250ml
capacity beakers containing 100 ml test solution at 303K. The coupons were withdrawn from the test
solution, washed thoroughly with distilled water followed by alcohol and dried with air, then weighed

again. From the weight loss values, the corrosion rate () and inhibition efficiency (IE) of each
concentration was calculated using the following equations (1) and (2) respectively:
AW
2= ar )
Where, AW is the average weight loss of three mild steel sheets, A the total area of one mild steel
specimen, and t is the immersion time. With the calculated corrosion rate, the inhibition efficiency (%IE)
was calculated as follows:

wiE =213 5 100

21 2)
Where, p; and p, are the corrosion rates of the mild steel coupons in the absence and presence of
inhibitors, respectively.

RESULTS AND DISCUSSION
Weight loss measurements
The corrosion behavior of mild steel in 2M H,SOj, solution was studied both in the presence and absence
of inhibitors. Table 1 shows the corrosion rates and inhibition efficiencies at weight loss measurements
with and without the concentrations of the inhibitors in sulphuric acid medium. Figure 1 shows variation
of Inhibition Efficiency from weight loss measurements at different concentrations of inhibitors in 2M
H,SO, medium. From these results it could be found that the corrosion rate decreased with increase in
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inhibitors concentration.

105 T X T T T
100 - Compound |
s ®  Compound Il . 1
] A Compound Il v |
90 — v  Compound IV| v -
— as | n
= ] A
80
oy ] > = - —
S 75 — -
"= . @
.2 ?O =
T E
— 65 ] |
2 60 » -~
:'§ —" e e - - — - —
. -
= R
50 — =1
. v
45 - 4
40 - -
T = T . T . T i T
2 4 6 8 10
Concentration (x10°M)

Fig.-1: The Inhibition efficiency with the concentrations of the inhibitors from weight loss measurements in 2M
H,SO, medium.

Table-1 show that the inhibition efficiency increased with increasing the concentration of inhibitors. This
investigation could be clearly observed in Figure 1. From weight loss measurements, the inhibition
efficiency of the compounds was found to dependent on the inhibitor concentration and the nature of the
substituents. The increase in the inhibitors concentration was accompanied by a decrease in weight loss
and an increase in the percentage inhibition. These results lead to the conclusion that the compounds
under investigation are fairly efficient as inhibitors for mild steel dissolution in 2M H,SOj, solution. It is
obvious that the value of %IE increase with increasing the inhibitor concentration, whereas decrease in
the following order: Compound IV (99.04%) > compound I (88.78%) > compound II (79.12%) >
compound I (58.23%).

Mechanism of Inhibition

The extent of the adsorption of the inhibitors depends on the nature of the metal, the mode of adsorption
of the inhibitors and the surface conditions. The values of inhibition efficiency depend essentially on the
electron density at the active center of the inhibition molecule. The subsequent step is to follow the effect
of the substituted group weather increases or decreases the inhibition efficiency through its effect on the
active center, i.e., electron donating or withdrawing groups. The value of IEs increases with increasing the
electro negativity of the substitute. The introduction of nucleophilic (electron donor) substituent’s in
naphthyl chalcones leads to an increase of adsorbability because of the increase of m-electron density in
the aromatic nucleus. Introduction of electron acceptor substituent has the opposite effect. The substituted
group studied are —OCHj3, -CHj;, which are located in the phenyl ring, the overlap between the inhibitor
electron rich centers and empty d-orbital increases in case of —-OCH; more than —CHj3, due to the lone pair
of electron located on the oxygen atom of the -OCHj3;, H atom has no effect on electron density, CI group
are electron withdrawing group and the order of inhibition depends on the magnitude of the withdrawing
characters. The order of inhibition efficiency of these compounds from weight loss measurements
decreases in the following order: -OCH;> -CH;> -H > -Cl or Compound IV > III > II > I. Compound IV
has the highest inhibition efficiency (99.04%).
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Table-1: Corrosion rate and Inhibition efficiency data obtained from weight loss method for mild steel in 2M H,SO,
in the presence of inhibitors.

Inhibitors Inhibitor px10° IE
concentration (g cm? min?) (%)
x10%(M)

Compound-I 0 33.5 -
2 9.18 39.53
4 8.4 55.79
6 7.64 57.38
8 7.24 57.66
10 6.99 58.23

Compound-II 0 33.5 -
2 20.3 72.59
4 14.8 74.92
6 14.3 77.21
8 14.2 78.39
10 14.0 79.12

Compound-III 0 33.5 -
2 14.6 56.38
4 13.9 58.44
6 12.9 61.63
8 5.08 84.83
10 3.76 88.78

Compound-IV 0 33.5 -
2 17.6 47.59
4 12.3 63.15
6 3.78 88.73
8 1.99 94.05
10 0.32 99.04

CONCLUSION

The naphthylchalcones were synthesized and characterized by FT-IR spectroscopy. The
naphthylchalcones derivatives showed good performance as corrosion inhibitors in 2M sulphuric acid
medium. The inhibition efficiencies obtained from weight loss revealed that there is increase with
increasing the inhibitor concentration. The maximum inhibition efficiency is 99.04% for compound IV.
The orders of inhibition efficiency of the inhibitors are as follows: Compound IV > compound III >
compound II > compound L.
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