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ABSTRACT

The inhibition effect of red onion ethanol extract on the corrosion of aluminium in 0.2M aqueous HCI
solution at 303, 313 and 323 K was investigated by weight loss method. The results showed that the
inhibition efficiency decreased with temperature rise but increased with the inhibitor concentration from
0.2 to 0.8g/L. The highest inhibition efficiency of weight loss was 80.00% and the lowest was 63.0% as
the temperature of the system increased. The activation energy (Ea) for Red onion ethanol extracts
values for the blanks in 0.2M HCI were high compared to the values obtained when the extract was
introduced into the system at 0.2 to 0.8g/L respectively. Langmuir isotherm provided more accurate
description of the adsorption behavior of red onion peel with the R? values closer to unity. The
thermodynamic parameters Kads, AHads and ASads were determined. The extract of red onion peel
increased the life-span of the aluminium hence the half-life of blank was relatively lesser when
compared to that immersed in plant extract. Surface characterization methods including FT-IR were used
to ascertain whether the plant extract interacted with the aluminium surface, and it was found that the
mode of interaction was adsorptive in nature. It could be concluded that the ethanol extract of red onion

peel inhibits aluminium in hydrochloric acid solution.
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Introduction

Corrosion poses a significant challenge in various industrial applications, particularly in the field
of metal infrastructure. Aluminum, a widely used metal due to its lightweight and excellent
corrosion resistance under normal conditions, can still succumb to corrosion in aggressive
environments such as hydrochloric acid solutions. Traditional corrosion inhibitors often contain
toxic and environmentally harmful components. Consequently, there is an increasing demand for

environmentally friendly and sustainable alternatives in corrosion inhibition research [1-4].

In recent years, the exploration of natural compounds derived from plants has gained attention
for their potential as corrosion inhibitors [2-4]. Red onion skin extract, rich in bioactive
compounds, emerges as a promising candidate due to its abundant availability and eco-friendly
nature [4]. This study aims to evaluate the performance of red onion skin extract as a green

corrosion inhibitor for aluminum in a 0.2M hydrochloric acid environment.

In the quest for sustainable and eco-friendly solutions to combat metal corrosion, researchers are
increasingly turning towards natural compounds as green inhibitors. Among these, red onion skin
extract has emerged as a promising candidate due to its abundance, low cost, and
environmentally benign nature. Red onion (Allium cepa) is a widely cultivated vegetable known
for its culinary uses, but beyond its kitchen applications, its outer skin harbors a wealth of
bioactive compounds that exhibit potential corrosion inhibition properties [4].

Among these, red onion skin extract has emerged as a promising candidate due to its abundance,
low cost, and environmentally benign nature. Red onion (Allium cepa) is a widely cultivated
vegetable known for its culinary uses, but beyond its kitchen applications, its outer skin harbors a

wealth of bioactive compounds that exhibit potential corrosion inhibition properties [4-5].

The effectiveness of red onion skin extract as a green inhibitor lies in its rich composition of
flavonoids, polyphenols, and other organic compounds. These phytochemicals have been
recognized for their ability to form protective layers on metal surfaces, mitigating corrosion
processes. As industries seek sustainable alternatives to conventional corrosion inhibitors, the

exploration of red onion skin extract opens avenues for environmentally friendly solutions [6].
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Beyond its culinary role in enhancing the flavors of various dishes, the red onion (Allium cepa)
offers more than meets the eye specifically, in its often-overlooked outer layer, the skin. While
the inner layers are prized for their pungent taste and nutritional value, red onion skin has found
applications beyond the kitchen due to its unique properties. Rich in bioactive compounds, red

onion skin has garnered attention for its diverse uses in various sectors.

One notable application of red onion skin lies in the natural dye industry. The skin contains
pigments, such as quercetin and anthocyanins, which impart vibrant red and purple hues.
Traditional textiles and crafts benefit from the colorant properties of red onion skin, offering a
sustainable alternative to synthetic dyes. Moreover, red onion skin has found applications in
traditional medicine for its potential health benefits. Its antioxidant properties, attributed to the
presence of flavonoids, make it a subject of interest for those exploring natural remedies.
Additionally, the skin is recognized for its potential anti-inflammatory and anti-bacterial
properties [4-7]. This study is aimed at investigating this inhibitive action of red onion skin on
the corrosion of aluminium metal in hydrochloric acid solution through weight loss

measurement.

Materials and Methods
Preparation and Analysis of Aluminium Coupons

The aluminum sheet employed in the experimental research has the following composition:
Al>03 (99.36%), SiO2 (0.02%), Fe20s (0.14%), SOz (0.04%), Cl (0.03%), K-O (0.03%), CuO
(0.02%), TiO2 (0.01%), Ga203 (0.01%) and MnO (0.01%). First, the aluminum coupons were
checked for any obvious flaws, impurities, or oxide coatings. The sheets were mechanically
pressed and cut into 4x3x0.5 cm coupons. Prior to being placed in a desiccator to prevent
contamination for future use, the surfaces of each coupon were polished with SiC abrasive paper
(#400 and #1200). They were then degreased by washing in ethanol, dipping in acetone, and
letting them dry in the open.

Collection, Preparation and Extraction

Locally, fresh red onion peels were purchased from the Lessel market in the Ushongo local

government area of Benue State, Nigeria. Following a wash and air drying, the peels were
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ground into a powder and sieved through a 250 nm mesh sieve. A mixture of 100 ml of ethanol
and 100 ml of water was used to boil the red onion skin. After heating the resulting red solution
until it was completely dry, the powder was removed and kept in a sample bottle to be used as a

corrosion inhibitor.
Preparation of Corrodent Solution

The corrodent solution were prepared at 0.2M HCI concentrations and was prepared using
equation (1)
Preparation of 1000cm?® of 0.2M HCI:

, . hPurity X density X 10
Concentration (C1)of stock solution = —ulity X densiey (1)

Molar mass of HC1

Whereby % purity of HCl = 36.25
Density of HCI = 1.18gcm?
Molar mass of HCI = 36.46gmol™*

Thereforec, = — ==——""— = 11.96M

This means the concentration HCI from which 0.2M was prepared is 11.96M

The volume of 11.7M HCI measured in preparing 1000cm?® of 0.2M HCI was calculated from
the relationship below:

G = Gh (2)

C: = Concentration of stock solution = 11.96M

V1 == volume of stock solution to be measured

C> = concentration to be prepared = 0.2M

V. = volume to be prepared = 1000cm?®
C. 1% 0.2X1000 3
v, = — = — = 16.72cm
C, 11.96
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Therefore 16.72cm? of stock solution was measured and poured into 1000cm? volumetric flask

and made up to mark with distilled water to prepare 0.2M HCI solution
Preparation of Extract Solution

0.2, 0.4, 0.6, and 0.8 gL of the extract in 0.2M HCI were prepared by weighing 0.2 of the
extract and dissolving it in 5 ml of ethanol, then transferred into 1 liter of 0.2M HCI separately.

A similar procedure was used for the preparation of 0.4, 0.6, and 0.8 g/L

Weight loss Measurement

An aluminum specimen of size 4 x 3 x 0.5 cm was employed for the determination of the
corrosion rate by the weight loss method. The specimens were hung into the experimental
solution with the help of glass hooks. After the surface treatment, the initial weight of the
specimen was noted and it was completely immersed into the experimental solution maintained
at 303, 313, and 323K. The weight loss was determined by retrieving coupons from the test
solution at 1-hour intervals for 3 hours. The aluminum coupons, after retrieving them from the
test solution, were scrubbed with a brush under running water, dried in acetone, and weighed
from the initial and final weights. The experimental solution used was hydrochloric acid at 0.2 M
concentration. Weight loss measurements with and without the presence of inhibitors for both
media were performed [7]. From the weight loss measurements, the corrosion rate, inhibitor

inhibition efficiency, and surface coverage (0) of aluminum were calculated using the following

formulas:
AW (weight loss )
Corrosion rate = gurfacs area (dm*) x time @)
Whiank Winhibitor
Degree of surface coverage (©) = Wi qni 4)

Whiank = Winhibitor ¥ 100

Inhibition efficiency (%) = (5)

Where AW is change in weight loss, A is area of aluminium coupons in cm? (4x3), t is time

Walank
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Fourier Transform Infrared (FT-IR) Analysis

In order to identify the major functional groups present in the red onion skin extract on
aluminium metal and corrosion product of inhibited aluminium metal in HCI solution, FT-
IR(Cary 630 FTIR Spectrophotometer (Agilent Technologies) was utilized. The analysis was
performed by scanning the sample through a wave number range of 650 — 4000 cm-1; 32 scans

at 8cm-1res
Adsorption Isotherm Studies

Adsorption isotherms are often used to understand the adsorption behavior of corrosion
inhibitors on metal surfaces. Corrosion inhibitors are substances that, when added to a corrosive
environment, reduce the corrosion rate of metals. The adsorption of corrosion inhibitors onto the
metal surface is a key mechanism in their effectiveness. Two common adsorption isotherms used
in corrosion studies are the Langmuir isotherm and the Freundlich isotherm. These isotherms can

be adapted to describe the adsorption of corrosion inhibitors on metal surfaces.
Langmuir Isotherm for Corrosion Inhibitors:

The Langmuir isotherm assumes monolayer adsorption and can be applied to describe the

adsorption of corrosion inhibitors on metal surfaces. The linearized Langmuir equation is given

by:

Cinh 1
&~ kads T Cin (6)

Where Kads is equilibrium constant of adsorption, Cinn is concentration of inhibitor and 1 is

corrective factor for the linearized Langmuir equation with slope not equal to unity [8].

By plotting a graph of Cinx against Cinn, the value of Kads can be determined from the y-

intercept value of the plot and is related to standard free energy of adsorption (AG) log AG = -
2.303RT log(55.5Kads) [9].
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Freundlich Isotherm for Corrosion Inhibitors:

The Freundlich isotherm, which is an empirical model allowing for multilayer adsorption, can
also be adapted for corrosion inhibitor adsorption. The linearized Freundlich equation is given
by:

logO =nlogC + log Kads

Where: Kads is adsorption constant the Kads value can be calculated from the plot of log© vs

log C with the intercept line on the logO axis.
Thermodynamic of adsorption

Thermodynamics and adsorption play crucial roles in understanding corrosion processes and the
effectiveness of corrosion inhibitors. Here's how thermodynamics and adsorption are considered

in the context of corrosion studies:

The Eyring transition state equation provided the following thermodynamic parameters, such as

entropy change (AS) and enthalpy change AHads [13,15]:

&) slog 4 22 O

2.303R 2.303RT

Where R is molar gas constant T is absolute temperature NA is Avogadro’s number h is Planck

constant [10]. A plot logCR/T vs 1/T we give a straight line from the Erying plot with slope

AH/2.303R and intercept Iogi 4=

NAh 2.303R°

Activation energy (Arrhenius equation)

The Arrhenius equation is often used to model and predict the behavior of chemical reactions

under varying temperature conditions.

(8)

Where Ea is activation energy, A is the pre-exponential factor, R is the molar gas constant, and T

Ea
2.303RT

logCR = logA-

is the operating temperature (in K). By taking the natural log on both sides of the equation, the
plot of the linearized Arrhenius equation can be used to determine Ea and A using the slope and

y-intercept of the graph [11].
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Kinetic Studies

The kinetic studies of aluminium corrosion in Hydrochloric acid solution was studied by fitting
data obtain from weight loss experiment into different kinetic equation from zero to second
order. The first order kinetic equation used is derived as showed below. In the equation, ao is the
initial weight of the aluminium and after time, t x weight of the corrosion lost is obtained, and
then the Kkinetic equation of the reaction can be presented according to the equation (9) to (12)
[12].

= = k1 (20-x) (9)

Rearrangement of the equation (9) produces equation (10) and upon integration of equation (12)

yields equation respectively. From the equations derived K1 is the first order rate constant.

dx

oo = kadt (10)
-In(ao-x) = kit (11)
-log(Aw) = ki (12)

The half-life equation is obtained by fitting the value of the k1 constant in to the half-life
equation as shown in equation (13)

_ 0,693

'l
- k

Equation (9) is integrated into equations (10), (11) and (12), for zero, first and second order

(13)

reactions, respectively [14].
Results and Discussion
Weight loss measurement

Weight loss measurements at 30°C, 40°C, and 50°C for one hour at intervals of three hours of
immersion were used to examine the impact of adding extract from red onion peel (ROP), on the
corrosion of aluminum coupons in a 0.2M HCI solution. Table 1 summarizes the percentage
inhibition efficiency and corrosion rate values that were obtained using the weight loss method at
0.2 M HCI of ROP extract at various temperatures. The data in Table 1 confirmed ROP
effectiveness in preventing aluminum from corroding in 0.2 M HCI. It is clear that as the
inhibitor concentration rise from 0.2g/L to 0.8g/L, the rate of weight loss decreased.

Additionally, the rate of corrosion decreased more after ROP was added to the aggressive media,
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although it increased as the temperature rises. An increase in inhibitor concentration results in a
decrease in corrosion rate and a rise in inhibition efficiency [2]. A rise in temperature increases
the rate of hydrogen evolution reaction on the surface of the metal which results in its higher
resolution rate as prove by the corrosion rate. The percentage inhibition efficiency as depicted in
table 1, decreased with increase in temperature for all concentration of the extract studied. This
trend denotes possible shift in adsorption-desorption equilibrium toward desorption process as
temperature increases, which is also in agreement with Le’ Chatellier’s principle which describe
shifts in equilibrium position to annul the effects of changes in equilibrium [15]. This result

depicts physical adsorption due to high desorption of molecules at higher temperature.

Table 1. Weight loss AW(g), degree of surface coverage (©), inhibition efficiency and corrosion rate

(CR) of various concentrations of red onion extract in 0.2M HCI at different temperatures.

Temperature(K) Extract  conc. | AW (g) CR (g/cm?.h) (S} %I.E
(9/L)
0.0 0.326 0.0108 - -
0.2 0.095 0.0032 0.708 70.85
303 0.4 0.085 0.0028 0.739 73.92
0.6 0.078 0.0026 0.761 76.07
0.8 0.065 0.0022 0.800 80.06
0.0 0.287 0.0095 - -
0.2 0.104 0.0035 0.638 63.76
313 0.4 0.094 0.0031 0.672 67.24
0.6 0.088 0.0029 0.693 69.34
0.8 0.073 0.0024 0.746 74.56
0.0 0.266 0.0088 - -
0.2 0.097 0.0032 0.635 63.53
323 0.4 0.078 0.0026 0.707 70.68
0.6 0.077 0.0025 0.711 71.05
0.8 0.068 0.0023 0.744 74.44
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Figure 1. Variation of Weight Loss with Time for aluminium Coupons in 0.2M HCI Solution Containing

Different Concentrations of red onion skin extract at 303K
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Figure 2: Variation of Weight Loss with Time for aluminium Coupons in 0.2M HCI Solution Containing
Different Concentrations of red onion skin extract at 313K
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Figure 3. Variation of Weight Loss with Time for aluminium Coupons in 0.2M HCI Solution Containing

Different Concentrations of red onion skin extract at 323K

Figure (1-3) depicts the variation of weight loss with time for aluminum coupons in a 0.1M HCI
solution with and without various concentrations of red onion skin extract at 303, 313 and 323 K.
The plots indicate that the loss in weight of the coupons increased with time of immersion but
decreased as the concentration of the ROP extract increased. It could be observed from table 1
that the inhibition efficiency is dependent on the concentration of the added extract as it

increases when the extract concentration increases. The observed inhibitive action of ROP
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extract could be attributed to the adsorption of its components on aluminium surface resulting to
formation of a thin layer of adsorbed molecules with the potential of isolating the metal surface
from corrodent acid solution and hence leading lower corrosion rate [15]. The decrease in weight
loss and corrosion rate shows that the adsorption of the extract covering the surface of the
aluminium which decrease the area available for aggressive corrodent to contact the surface of

the aluminium metal [8, 16].

__100

X

= 80 .—"A——X_J

€

o 60

J

£ 40 —— 303k

e 20 313k

=) 323k

5 0

= 0 0.2 0.4 0.6 0.8 1
Concentration (g/dm3)

Figure 4. Variation of Inhibition Efficiency with Inhibitor Concentration for aluminium Coupons in 0.2M

HCI Solution Containing red onion skin extract at Three Different Temperatures.

Figure 4 shows the inhibition efficiency (%IE) at various concentrations of the extract and
temperature. The direct proportionality between inhibition efficiency and extract concentration
suggests that the corrosion of aluminium coupons was inhibited at all extract concentrations
investigated. However, inhibition decreased with prolonged immersion time, which could have
resulted from desorption of extract molecules from the metal surface. Oxidation reaction at the
metal anode may have been possible since the test solution was exposed to atmospheric oxygen

that encourages oxidation reactions [17]

FT-IR Analysis

FT-IR spectroscopy were used to identify the active functional groups present in red onion peel
extract and hence elucidate the corrosion protective film formed on the surface of the aluminium
metal after adsorption. The spectrum of inhibited aluminium and ethanol extract of red onion

peel are depicted in figure 5a-b. Comparing the adsorption bands present in the spectra of both
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the inhibited corrosion product in 5a and that of the ethanolic red onion peel extract in figure 5b.

It is clear on the spectra that the band position in figure 5a shifted from one position to another

when compared to figure 5b. a peak with broad and intense band at the region of 3420 — 3339

cm is the O-H stretch of alcohol since antioxidatant compound of ROP is extracted by using

ethanol. The peak at wavenumber of 1,655.20 cm™1 is also corresponded to the C=0 bond [18].
The peaks at 1272 — 2080 are ascribed to be C-O stretching. These shift in the adsorption bands

revealed the adsorption of different components of the ROP on aluminium metal surface. The

bands that present in the ROP sample analyzed using FT-IR is consistent with quercetin

compound (Figure 5) that is mainly found in red onion peel [19].
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Table 2. Calculated values of slope, R? AGads and Kads for the tested isotherms varied temperatures in

0.2M HCI

Isotherm Temperature (k) | Slope R? Kads AGads (kJmol™?)
Langmuir 303 1.766 0.998 28.9 -18.59

313 2.113 0.998 17.21 -17.86

323 2.164 0.998 17.36 -18.45
Freundlich 303 -3.180 0.995 0.032 -1.447

313 -2.272 0.996 0.038 -1.942

323 -2.265 0.997 0.035 -1.783

Table 2, present the values of R?, slope, Kads and AGads for the two isotherms studied. It is
evident from the table that Langmuir isotherm model is the best adsorption model as the R? and
Kads values are higher. Table 2 reveals the high value of Kads which are indication of stronger
adsorption and on increasing the temperature, the Kads values get decreased. These findings
suggested that when temperature rises, adsorption strength decreases and that inhibitor molecule
begin to desorb from the aluminum surface [20].The negative values of AGads which is less than
the threshold value of -20 kJ/mol to -40 kJ/mol signify the spontaneous nature of simultaneous

physical adsorption of ROP molecules on aluminium surface immersed in HCI [21-24].

Table 3. Energy parameters for the dissolution of aluminium in HCI in absence and presence of different

concentrations of Red onion skin

Extract (g/L) Ea(kJmol?) AHa kJmol™?) ASa (JmolK1) R?
0.00 3.699 4.864 -3.625 0.9873
0.2 0.0206 17.17 -2.644 0.7988
04 1.330 3.201 -3.613 0.4939
0.6 0.707 1.164 -2.298 0.065
0.8 0.831 0.331 -3.491 0.0448
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From table 3, it is clear that, positive values of AHa decreases with increase inhibitor
concentration suggesting an exothermic nature of metal dissolution process and it needs more
energy to attain activated state or equilibrium [24]. The value of entropy, ASa is negative in both
absence and presence of inhibitor ROP. Based on these findings, there is a reduction in disorder
as one move from the reactant to the activated complex in the rate-determining stage, since the

activated complex in this step indicates association rather than dissociation [25].

Table 4. Kinetic parameters for the corrosion of aluminium in 0.2 M HCI containing various

concentrations of Red onion peel

Zero order First order Second order

Extract | R? Ko(hr?) Y(days) | R? Ki(hr?) Y(days) | R? Ka(hr?) Yo(days)
Conc.

g/dm?

0.00 0.996 | 0.108 6.447 0.983 | 0.539 1.286 0.932 2971 0.233
0.2 0.912 0.007 106.62 0.914 | 0.074 9.403 0.927 0.835 0.830
0.4 0.942 0.007 99.00 0.953 0.089 10.722 0.961 1.160 0.597
0.6 0.974 | 0.008 99.00 0.923 | 0.099 6.998 0.988 1.402 0.494
0.8 0.997 0.006 126.00 0.998 0.092 7.523 1 1.565 0.442

Table 4 present the values of the kinetic parameters collected from the graphs. The table clearly
shows that the half-life of the aluminum acquired in the blank HCI is shorter than the half-life
value of the aluminum derived from the inhibited medium of the immersed aluminum coupons.

As a result, the aluminum in the HCI medium is inhibited by the red onion peel ethanol extract.

Conclusion
Weight loss measurement was used to synthesize, describe, and assess the effectiveness of a red
onion peel (ROP) containing the physiologically active component quercetin in preventing

aluminum corrosion in 0.2 M HCI. These results allow for the deduction of the following
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conclusions. With an efficiency of 80.06% at 0.8g/L and 303 K, the synthesized compound ROP
demonstrated strong corrosion inhibition against aluminum corrosion in 0.2 M HCI. The
Langmuir isotherm was determined to be the most appropriate model for adsorption, with
negative values of free energy and entropy change indicating a spontaneous nature of
simultaneous physical and chemical adsorption. The extract of red onion peel was established to

be a mixed type inhibitor and obeys first order kinetic model.
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