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Abstract

The effect of temperature on inhibition efficiency of eugenol for copper (Cu)
corrosion was studied using the weight loss measurement, and scanning electron
microscope (SEM). The corrosion of Cu has attracted much attention because Cu has
been applied as raw material in various industries. Nowadays the popular method to
prevent/reduce Cu corrosion is the addition of green corrosion inhibitor. In this work,

eugenol, a natural fragrance and flavor extracted from plants, was applied as an eco-
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friendly corrosion inhibitor. Eugenol could be used to reduce the corrosion of Cu in the
presence of 1 M HCL. However the inhibition efficiency of eugenol for Cu plates at 1 M
HCl was found to decrease with increasing temperature from 30°C to 70°C. The data
from the weight loss measurement corresponded with images from SEM. Eugenol was
found to perform well as a corrosion inhibitor of Cu and also possibly provided

another capability of Thai tradition herbs in this research.
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Introduction

Corrosion has received a considerable attention because it can damage/
reduce the properties of metals. The effect of corrosion on economic and industry is
related to the safety and efficient operation of equipment and structures. Copper (Cu)
has been various applied in many industries such as electronic circuit and pipelines
(Finsgar & Milosev, 2010) because of its properties e.g. high electrical and thermal
conductivities. The corrosion of Cu can occur by many factors e.g. acidic medium, time,
pressure, and temperature. Therefore many works have been focused to protect the
corrosion of copper from various purposes. One of the several methods of the
prevention of corrosion is the use of corrosion inhibitor. Corrosion inhibitors are
substances, which contain hetero-atoms such as nitrogen (N), sulphur (S), and oxygen
(0) (Ozcan et al., 2008; Ramesh & Rajeswari, 2004; Wang, 2006) Mechanism of corrosion
inhibitor is the donation of lone pair electron to metal atoms (Ostovari et al.,, 2009).
The addition of corrosion inhibitors to system can control/reduce the corrosion of
metals. The adsorption of corrosion inhibitors to metals surface is affected by nature
and charge of metals, electronic structure of inhibitors, temperature, and time (Abiola
et al,, 2009; Ma et al., 2002; Souza & Snelli, 2009) However there are many factors such
as cost, toxicity, and availability to consider for the selection of the corrosion inhibitors.
Benzotriazole (BTA) is one of the most important inhibitor for copper corrosion
because it can be widely applied at broad range of pH and temperature (Stupisek-Lisac
et al,, 2002). Nevertheless it provides the toxicity. Nowadays green corrosion inhibitors/
eco-friendly corrosion inhibitors have been popularly utilized because of their
environmentally friendly (Abd El-Maksoud, 2004; Ismail, 2007; Rocca et al., 2001).
Several literatures have been proposed natural corrosion inhibitor for the prevention of
metals’ corrosion. Plant extracts, animal proteins from meat and milk, and natural
honey were used as green corrosion inhibitors for many metals (El-Etre, 1998). The
successful ability of corrosion inhibitor for green corrosion inhibitors especially plant
extracts is its constitution including the heterocyclic compounds like alkaloids,

flavonoids. The purpose of this work was to study the effect of temperature on
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inhibition efficiency of eugenol for copper corrosion using the mass loss measurement,
and surface characterization. Eugenol is a natural compound, which can be extracted
from plant e.g. Pimenta dioica (Rao et al,, 2012) and Thai traditional herbs e.g. Alpinia
galangal, Curcuma longa, Piper betle, Ocimum africanum, and Zingiber officinale
(Teanpaisan et al., 2017). The various qualities of eugenol have been published such as
antioxidant, antibacterial activity, food flavoring agent, and additives for cosmetic
(Atsumi et al., 2005; Cheng et al,, 2008; Zhang et al., 2000). Therefore it would be
useful if eugenol can be possibly performed to control copper corrosion and improve
the capability of Thai traditional herbs at the same time.

Material and Methods

Material

Copper plates of size 0.5 x 1.5 cm’ were polished by sandpaper, then were
rinsed with deionzed water, ultrasonically degreased in acetone for 1 hour, dried in
oven at 80°C for 30 minutes and stored in dessiccator before use. All chemicals and
reagents e.g. acetone, hydrochloric acid (HCl), and ethanol were analytical grade and
purchased from MERCK, Germany. Eugenol representing inhibitor was analytical grade
and purchased by Sigma Aldrich.

Weight loss measurement

The cleaned Cu plates were weighed and immersed in 10% (w/v) eugenol for
5 minutes. Eugenol was performed as inhibitor in this study. Then HCl was added into
the test solution at 1 M final concentration. The temperature and homogeneity were
controlled using a water bath shaker. The immersion time for the weight loss test was
1 hour at 30 / 40 / 50 / 60 / 70°C. To determine the loss of weight, after the period of
immersion was finished, Cu plates were removed from the test solution, washed with
ethanol, dried in oven at 80°C for 30 minutes and reweighed. The inhibition efficiency
(%IE) was calculated using Equation (1). To compare the inhibition efficiency of

eugenol, test solution with and without inhibitor were studied.

(Ami —Am, ) o
Am,

%IE =

where Am, and Amu are the mass loss of Cu with and without eugenol, respectively.

SEM characterization
The morphology of the Cu plates’ surface was examined by scanning electron
microscope (SEM) (JSM-IT300, Japan).
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Statistical analysis
Data were expressed as mean and standard deviation (S.D.) by computational

analysis from the triplicate independent experiments.

Results and Discussion

Effect of temperature on inhibition efficiency

The plot of the inhibition efficiency at various temperatures is presented in
Figure 1. It is found that at a fix concentration of inhibitor and HCl concentration, the
highest inhibition efficiency (50%) occurs at 30°C. Trend of the inhibition efficiency
continuously decreases from 30 to 70°C. The decrease may be due to the reduction of
physical adsorption of eugenol on the Cu surface and the stability of eugenol at higher
temperature (Shimodal et al, 2006). Higher temperature can destroy the physical

adsorption between eugenol and Cu surface and also decrease the stability of eugenol.
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Figure 1 The inhibition efficiency of eugenol in acidic medium at various temperatures

In this work the inhibition efficiency of eugenol for Cu corrosion in the
presence of 1 M HCl at 30°C was approximately 50% therefore eugenol acted as
effective inhibitor. The reaction between eugenol and HCl could be explained using
the transformation of functional group in eugenol from oxy- to hydroxyl in acidic
solution. However other inhibitors such as cysteine (Ismail, 2007) and alginate
biopolymer (Umiai et al,, 2018) presented as successful inhibitor, which were better
than eugenol. The inhibition efficiency of cysteine and alginate biopolymer for Cu
corrosion at 30°C was approximately 81 and 78%, respectively.

Surface characterization

Surface examination using SEM was carried out to perform the effect of
temperature on Cu surface in acidic medium (1 M HCL with and without eugenol as
corrosion inhibitor. Figures 2a-2b show the surface of Cu at 30°C without/with eugenol,
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respectively. Figures 2c-2d show the surface of Cu at 70°C without/with eugenol,
respectively. It could be seen that surface of Cu plate at 30 C with eugenol (Figure 2b)
is smooth. The adsorption of eugenol on Cu plate can be labeled as physical adsorption
and applied for the inhibition of Cu corrosion. Therefore it can be concluded that the
inhibition efficiency improves in the presence of eugenol. These results were
corresponded with the mass loss measurement. However the stability of eugenol

decreases with increasing temperature. Cu corrosion was observed in Figures 2c-2d.

Figure 2 SEM images for Cu plates A) 30°C without eugenol B) 30°C with eugenol
C) 70°C without eugenol D) 70°C with eugenol

Conclusion

In this paper, the effect of temperature on inhibition efficiency for Cu corrosion
was investigated using the mass loss measurement, and surface characterization.
Eugenol acted as a good green inhibitor for copper corrosion in acidic medium (1 M HCU).
However the inhibition efficiency decreased with increasing temperature due to the
instability of eugenol. The capability of eugenol for the inhibition of Cu corrosion was

possibly presented another advantage of Thai traditional herbs.
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