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ABSTRACT

The corrosion inhibition properties of the acidic extract of Eucalyptus 
globulus (EG) was investigated for mild steel (MS) using the weight loss method 
and open circuit potential (OCP) measurement. Corrosion inhibition of MS in 
0.1M HCl was studied in the absence and presence of various concentrations of the 
acidic extract of EG barks. The results showed an increase in corrosion inhibition 
with increasing concentration of the extract. The inhibition efficiency of 100% EG 
extract was approximately 98.0% after 24 hours immersion in the acidic solution. 
FTIR spectrum showed the presence of compounds containing oxygen and nitrogen 
functional groups responsible for forming barrier layers onto MS surface. Open 
circuit potential (OCP) measurements showed that the EG extract acts as a mixed-
type inhibitor.
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weight loss

INTRODUCTION

Acid solutions are commonly used in several industrial processes. 
Hydrochloric and sulphuric acids are usually used for pickling, cleaning, 
descaling, and etching of metals, which also corrodes metal surface (Abdallah 
et al., 2018; Ngouné et al., 2019; Tezeghdenti et al., 2015). Mild steel in 
acid solution is widely used in various industrial processes, and corrosion 
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occurs in this environment. The use of inhibitors is a useful method for 
corrosion protection, especially in acid media, to avoid dissolution and acid 
consumption (Arockiasamy et al., 2014; Moussaoui et al., 2016; Musa et 
al., 2009).  Most of the well-known acid inhibitors are organic compounds 
containing nitrogen, sulphur, and oxygen in their functional groups with 
aromatic and heterocyclic rings (El-Etre et al., 2005; Halambek et al., 2010; 
Ngouné et al., 2019). These organic compounds get absorbed on the metal 
surface, block the active sites on the surface, forming a protective barrier, 
and reduce the corrosion rate (Verma et al., 2018). Toxicity and hazardous 
environmental nature of organic compounds, there is an increasing concern 
over non-toxic, environmentally acceptable, and inexpensive inhibitors 
(Mohd & Ishak, 2015; Qiang et al., 2018; Saxena et al., 2018). Therefore, 
the study of sustainable corrosion inhibitors has attracted the attention of 
corrosion scientists. Most of the inhibitors obtained from natural products 
are biodegradable, non-toxic, eco-friendly, and cheaper (Halambek et al., 
2010; Stiadi et al., 2020). It has encouraged the search for eco-friendly 
corrosion inhibitors as an alternative to replace inorganic and organic 
inhibitors to promote sustainable greenness to the environment. 

Plant products are cheap, readily available, and renewable sources 
of materials. The extracts from their leaves, barks, seeds, fruits, and roots 
consist of mixtures of organic compounds containing nitrogen, sulphur, and 
oxygen atoms, and they have reported as effective inhibitors (El Hamdani 
et al., 2015; Rekkab et al., 2012). The extracts from leaves, barks, and oil 
of Eucalyptus globules (EG) have revealed that they are potential inhibitors 
(Rekkab et al., 2012). Tezeghdenti studied the corrosion inhibition effect of 
the methanolic extract of Eucalyptus globulus leaves in 1 M H2SO4 solution 
on carbon steel by weight loss measurements and different electrochemical 
methods. The inhibition efficiency of the methanolic extract of EG leaves in 
1 M H2SO4 solution is better than the bark extracts of Eucalyptus camaldulens 
in 1M HCl and the essential oil of Eucalyptus globulus (Myrtaceae) (Rekkab 
et al., 2012; Tezeghdenti et al., 2015). The literature reports that Eucalyptus 
globulus is a mixed type inhibitor and thermodynamically follows Langmuir 
adsorption isotherm.  The present study reports on the corrosion inhibition 
properties of acidic bark extract of high altitude Eucalyptus globulus plant 
of Nepal. A hydrochloric acid extract of bark at different concentrations 
has been examined as a corrosion inhibitor. Nowadays, green inhibitors 
are considered as an attractive alternative. In this regard, many efforts have 
been made for a practical application of green inhibitors to have a better 
future, a safe environment, and a healthy life.  The yield of these natural 
products and the corrosion inhibition efficacy of the plant extracts, vary 
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extensively depending on the part of the plant (Okafor et al., 2008) and its 
location (Tezeghdenti et al., 2015). In this view, the objective of the present 
study is to investigate the corrosion inhibition of the EG barks extracts 
onto mild steel in 0.1 M HCl using the weight-loss method and open circuit 
potential (OCP) measurement. 

MATERIALS AND METHODS

Preparation of plant extract and inhibitor solution

The fresh barks of Eucalyptus globulus were collected from 
Godavari, Lalitpur, Nepal (Lat: 27.596932°N, Long: 85.380143°E, and 
Elevation: 1342.00 m). The barks were washed, cut, shade dried, and 
powdered. The extract was prepared by cold percolation in acid using 50 
g of powder in 400 mL of 0.1M HCl and allowed to stand for three days 
and then refluxed for about three hours. The mixture was filtered off, and 
the filtrate was diluted to 250 mL with 0.1M HCl, which was considered as 
100% stock solution. From the stock solution, inhibitor solutions of 50, 40, 
30, 20, and 10 % were prepared in 0.1 M HCl solution by serial dilution. 

Preparation of mild steel coupon

Mild steel (MS) sheet purchased from the local vendor of 
Kathmandu, Nepal, was mechanically cut into coupons of a dimension of 
3 cm x 3 cm x 0.15 cm. MS coupons were abraded with Silicon carbide 
(SiC) paper of #100 to #1500 grits. Abraded coupons were ultrasonicated 
in ethanol, and dried. These coupons were used for weight loss and open 
circuit potential (OCP) measurements.

Characterization by FTIR

The bark extract of Eucalyptus globulus was characterized by 
Fourier-transform infrared (FTIR) spectroscopy. A Perkin Elmer Spectrum 
GX FTIR was used to obtain infrared emission spectra with wavenumber 
ranging from 500 to 4000 cm-1 to identify the functional group present in 
the 100 % extract.   

Weight loss method for corrosion test 

Weight loss measurements were performed on the mild steel (MS) 
coupons in 0.1M HCl solution in the presence and absence of different 
concentrations of EG extract. Every MS coupon was weighed by an 
electronic analytical balance (Ohaus E1RR80), and then placed in the 
extract and acid solution (50 mL) for 9 days. After immersion, the surface 
of the coupon was washed with distilled water and dried. The coupons 
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were weighed again to calculate the inhibition efficiency (IE%) and the 
corrosion rate (CR). The following relations determined the corrosion rate 
(CR), surface coverage (θ), and inhibition efficiency (IE%):

Corrosion Rate (CR) = × ×
w

A×t× d
8 76 10

4
.  (1)

Where, W is weight loss of the MS (g) after immersion time, t 
(hours), A is the area of the MS (cm2), and d is the density of the MS (g 
cm-3).

Surface Coverage (θ) = 
w w

w
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−
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Inhibition Efficiency (IE) %   = w -w

w
×100
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Where, W1 is the weight loss of the MS in the absence of inhibitor, 
and W2 is the weight loss of the MS in the presence of inhibitor.

Open Circuit Potential 

The open circuit potential (OCP) or corrosion potential (Ecorr) 
measurement was carried out using a high impedance multimeter. A 
saturated calomel electrode was used as a reference electrode, and the MS 
coupon was used as a working electrode. The OCP was measured with 
different concentrations of inhibitor solutions in 0.1M HCl after immersion 
of 24 hours for 25 days. 

RESULTS AND DISCUSSION 

Effect of Concentration

The weight loss results of MS, corrosion rate, surface coverage, 
and inhibition efficiency of various concentrations of EG extract for 24 
hours immersion were calculated and given in table 1. Table 1 clearly shows 
that the corrosion rate decreased with the increase in fractional surface 
coverage of MS. Figure 1a shows the variation of corrosion rate with the 
concentration of EG extracts. The corrosion rate was significantly reduced 
by 20% EG extract solution due to appreciable surface coverage of MS, 
thereby reducing the reaction with acid. Figure 1b shows that the inhibition 
efficiency increases with an increase in the concentration of the EG extracts 
(Ajayi et al., 2014; Rukaiyat et al., 2018). The ability increased slightly 
after 30% inhibitor concentration due to almost complete surface coverage 
of MS. In acidic media, corrosion of metal is generally accompanied by the 
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evolution of H2 gas and the dissolution of metal. The corrosion inhibitory 
action of the plant extracts against MS can be attributed to the component 
adsorption on the metal surface(Rekkab et al., 2012). This adsorption limits 
the dissolution of metal by blocking its corrosion sites and consequently 
decreasing weight loss(Abdallah et al., 2018; Hussin & Kassim, 2011; Patel 
et al., 2018; Tezeghdenti et al., 2015). The inhibition efficiency of 100%   
concentration of EG extract after 24 h immersion is approximately 98%.

Table 1: Corrosion rate, surface coverage and inhibition efficiency of the 
extract of Eucalyptus globulus at different concentrations

Concentration 
of EG extract 
(%)

Weight 
Loss(g)

Corrosion 
Rate mm/
year

Surface 
Coverage 
(θ)

Inhibition 
Efficiency %

Acid 1.069 26.68   
10 0.6855 17.11 0.3587 35.87
20 0.2003 5.044 0.8126 81.26
30 0.1088 2.722 0.8982 89.82
40 0.0366 0.9157 0.9657 96.57

100 0.0228 0.5331 0.9786 97.86

Source: From Experiment

Figure 1a: Variation of corrosion rate 
with the concentration of  EG

                                 Concentration/%
Figure 1b: Variation of inhibition 
efficiency with the concentration of 
EG

Open circuit potential (OCP)

Figure 2 shows the effects of inhibitor concentrations on the change 
of OCP of the immersed MS coupon in EG extract solution with immersion 
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time. The OCP shifts to the positive direction compared to the acid solution. 
In general, the time required to reach a stable OCP value depends on the 
concentration of the extract. A steady-state OCP value attains faster in a 
higher concentration compared to a lower concentration of the extract. The 
shift of OCP to a positive direction in the presence of the extract of EG 
indicating the formation of a passive film on the metal surface due to the 
adsorption of inhibitor molecules on the surface of the metal (Moussaoui 
et al., 2016). The OCP for 100% of EG extract is -0.472 V after 25 days 
of immersion. However, the shift in OCP value compared to the acid only 
solution is less than 40 mV, which confirms that the extract of EG acts as a 
mixed type inhibitor.  

Figure 2: Variation of OCP against the time of immersion of mild steel in 
inhibitor and acid solution

FTIR spectroscopic analysis

The FTIR spectrum of the EG bark extracts is shown in Figure 3. 
Corrosion inhibitors are the potential compounds with a common functional 
group of hydroxyls (–OH), carboxyl (–COOH), carbonyl (=CO), –CO–, 
amine (–N-H) and other functional groups that have electrons pair. The 
infrared spectrum of EG extracts indicates the presence of -OH (3327cm-1), 
C-O (2350 cm-1), C-N (2164 cm-1), and C=O (1640 cm-1)(Abboud et al., 
2013). This IR spectrum shows the chemical component in EG, which acts 
as a corrosion inhibitor that can bond directly to form a stable complex by 
adsorption on the MS surface(Stiadi et al., 2020). 
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Figure 3: FTIR spectrum of EG extracts in 0.1M HCl

Surface observation

Figure 4 Shows digital photographs of inhibited and uninhibited 
MS coupons after 5 and 10 days corrosion in 0.1M HCl and EG extract 
solution. The surface observation reveals that the metallic surface was 
highly damaged, rough, and corroded for uninhibited MS coupons (Fig. 4a 
and b). It is due to the free acid attack of MS surface in the absence of 
inhibitor. However, in the presence of 100% EG extract (Fig. 4c and d), 
the MS surface became less damage and suggesting the formation of a 
protective film at MS surface. 

(a) MS dipped in 0.1M HCl for 5 adys (b) MS dipped in 0.1M HCl for 10 days

(c) MS dipped in 100%  EG extract 
for 5 days

(d) MS dipped in 100% EG extract 
for 10 days

Figure 4: Digital photographs of MS coupons surface immersed 0.1M HCl 
and 100% EG extracts
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CONCLUSION 

The study shows that Eucalyptus globulus bark is an effective eco-
friendly corrosion inhibitor for mild steel (MS) in 0.1M HCl. The addition 
of bark extract drastically reduced the weight loss of the MS coupon due 
to the adsorption of compounds present in the acidic extract of EG bark. 
The corrosion rate is influenced by the concentration of the inhibitor and 
immersion time. The maximum inhibition efficiency of 100% EG extract 
is 97.87% for 24 hours of immersion in acidic solution. OCP measurement 
shows that the EG extract act as a mixed type inhibitor for corrosion of MS 
in acidic solution. FTIR analysis suggests that the adsorption occurs due to 
the presence of functional group-containing oxygen and nitrogen, which 
forms the protective barrier film on MS surface.
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