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ABSTRACT

The use of Watermelon Seed Extract was employed to monitor the corrosion process of A36 Carbon Steel using
varying pH (3.15-8.0), Immersion Time (24hrs-120hrs) and Inhibitor Concentration (50-200ppm). A 3.5wt% Sodium
Chloride solution was prepared by dissolving 3.5g of NaCl in deionised water. Carbon (IV) oxide gas was bubbled
onto the saline solution with the corresponding Ph measured and recorded using a calibrated Ph Meter (HANNA).
Varying concentration (50-200ppm) of the Inhibitor was introduced into the Solution. A36 Carbon Steel Coupon was
immersed into the CO, Saline solution of varying PH. Weight Loss and Inhibition Efficiency was employed to test the
investigation. Scanning Electron Microscope Analysis on the surface morphology of the Carbon Steel Coupon with
and without the Inhibitor was carried out to corroborate the findings.
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1.0 INTRODUCTION

Carbon Steel is recognised as a frequently used material by Industries for construction activities (Fayomi et al., 2019;
Rivera-Grau et al., 2012). These Carbon steels often times are seriously faced with incidence of high corrosion rate in
an Environment that is mostly Saline which also contains a very high concentration of Carbon (IV) Oxide (Asadi et
al., 2015) . Due to Carbon (IVV) Oxide presence, there is often a resulting sweet corrosion that arises as a result of
Carbonic acid and Hydrogen Carbonate formation (El-Lateef et al., 2012). The presence of Carbonic acid acutely
increases the rate of corrosion (Alan, et al., 2020). Although, studies have shown that Corrosion rate is strongly
dependent on a number of factors namely, Temperature, Flow, pH, pressure, the chemistry of the solution etc (Obot et
al., 2019).

Due to the risks associated with Corrosion, several techniques such as cathodic protection, use of corrosion resistance
materials, Addition of corrosion Inhibitors etc have been developed over time (Yabuki, et al., 2018: Lyon, et al., 2017:
Salman, et al., 2018: Odewunmi, et al., 2015) . Among the different Techniques, addition of corrosion Inhibitors on
the metal surface has been the most widely considered technique (Go et al., 2019; Qian et al., 2009). Corrosion
Inhibitors are remarkably used in both flow and closed systems. It should be noted that among the Corrosion
Inhibitors, the Inhibitors that are compatible with the environment are described as green Inhibitors or Eco-friendly
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Inhibitors (Cen et al., 2019). They have great ability in inhibiting the corrosion on metal surface owing to their non-
toxic nature and biodegradability. Though, the ingredient responsible for the adsorption of the green Inhibitors onto
the Metal surface varies from different Plant species to the other (Obot et al., 2019; Zhang et al., 2016).

The Hydrogen ion concentration in a solution can be regarded as a very significant variable in a Carbon (V)
Oxide induced corrosion (Anbari, et al., 2013) (Durowaye et al., 2014). Historically, it has been found that
computational and experimental studies have demonstrated that any change in the pH of the solution has a
notable impact on the rate of corrosion (Durowaye et al., 2014) and this effect can either be in a direct or in
an indirect process (Peng and Zeng, 2015). Directly, it has been observed that an increase in pH causes a
decrease in the rate of Carbon (V) Oxide corrosion due to the limited concentration of Hydrogen ion, which
invariably depicts less of the cathodic reaction and a resulting lesser corrosion (Palumbo et al., 2019) . In
addition, experiments conducted have revealed that when the pH is less than four, mostly with a low partial
pressure of Carbon (IV) Oxide , the straight depletion of Hydrogen ions results to an increase in corrosion
rate (Durowaye et al., 2014). Furthermore, when the pH range is within four to six, it has been observed that
the cathodic reaction is the reduction of Hydrogen Carbonate; (Yao, et al., 2020). More so, if the pH of the
solution is greater than six, varying investigations have revealed that the cathodic reaction is dominant
because of the reduction of bicarbonate (Kina and Ponciano, 2013). It can also be infer from previous
studies that in an indirect way, an increase in the pH reduces the solubility of Iron carbonate; which in
effect, promotes the precipitation of the carbonate layer at a rate which is very fast and consequently, the
corrosion rate decreases (Aribo et al., 2017). Chlorides in seawater is capable of destroying the oxide film on
the metal surface and forming a complex with the metal ions (Onyeachu et al., 2020), which in turn will
produce hydrogen ions during hydrolysis (Nam et al., 2013), and this behaviour causes an increase in the
acidity of sea water and further generates local corrosion on the metal surface (Tariq Saeed et al., 2020).
Previous studies have investigated different means of mitigating the growing effect of corrosion (Dehghani et al.,
2019; Farhadian et al., 2020; John et al., 2019; Khan et al., 2017; Ramezanzadeh et al., 2019; Singh et al., 2018: Hu, et
al., 2016).

Notably,(Oloruntoba et al., 2020) demonstrated that Water corrosion on Metal surface can be controlled with the use
of Herbal Extracts of Nigerian origin. More so,(Hynes et al., 2020) demonstrated that Aerveva lanata Flowers is a
suitable corrosion inhibitor due to the hydrazide contents that is present in their fatty acid.

Study conducted by (Al-Haj-Ali et al., 2014) on the Inhibition Characteristics of Citrullus lanatus on
Aluminum in Acids and Saline Water revealed that the Citrullus lanatus oil is a satisfactory Corrosion
Inhibitor in aqueous solutions.

Among the previous research (Dehgani, et al., 2019: Gerengi, et al., 2016: Muthukrishna, et al., 2019:
Kumar, et al.,2011: Alibakhshi, et al., 2018) on the use of Plant Extract as a Corrosion Inhibitor, very little
publications have extensively dealt with the effect of varying the pH and Immersion time on the Corrosion
Inhibitor of Citrullus lanatus Extract of Nigerian origin in a Carbon (IV) Oxide saturated saline solution.

Thus, this study investigated the use of Citrullus lanatus in a Carbon (IV) Oxide saturated saline solution with
reference to the effect of pH and Immersion time on the resulting Corrosion control on Carbon Steel surface.

2.0 EXPERIMENTAL
2.1 Materials and Solution

Carbon steel Coupons with size about 20 mm x 40 mm x 2 mm was cut out of the steel sheet and the sample was
cleaned by wire brushing base on International Standard Organization (ISO) ISO 8504:2000 (E).The coupon sample
was pre-treated prior to the experiment by scrubbing the surface with sand paper to smoothen the surface and then
cleaned with distilled water, degreased with acetone and sun-dry before the experiment was performed.
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The experiment was performed in 1000ml of de-aerated and pre-CO, saturated NaCl solution. The saline solution was
prepared using analytical grade NaCl and deionised water. One litre of NaCl solution of about 1.0%w/v concentration
was deoxygenated by passing nitrogen gas for 60minutes.The deoxygenated solution was then be pre-saturated by
passing the CO, at the rate of about four (4) CO, gas bubbles per second until the resulting pH of the solution was
recorded at pH 8.0, 6.0, 4.0 until a steady pH of 3.15 was obtained at point of CO, saturation.

2.2 Equipment

Water bath of Grant JB series model with temperature ranging from 0°C — 100°C: was used for maintaining constant
Temperature of the corrosive medium.

Soxhlet extractor by Techmel & Techmel USA model with flask capacity of 1000ml was used for the watermelon
seed extract

Adams Equipment analytical balance with model number PGW 753i for precision weighing up to 750g maximum and
resolution of 1mg: it will be used for weight measurement of both coupon and plants extract.

Rotary Vapour of Model R-210/215 was used for evaporation and condensation of solvent using a rotating
evaporating flask under vacuum. It was used to recover ethanol from the extract mixture.

Phenom Pro XScanning Electronic Microscope (Model: Phenom Pro X. Equipped with magnification range of 80 -
100,000x, < 14nm resolution, up to 32mm (@) size and 100mm height was used for surface examination of coupon.

2.3 Weight Loss Measurement

Carbon steel coupon of size about 20 x 40 x 2mm was used for the weight loss experiment and was pre-treated prior to
the experiment by scrubbing with sand paper up to 600 grit and then cleaned with double distilled water, degreased
with acetone and dried. After weighing accurately using digital balance with sensitivity of £0.01 mg. Coupons were
suspended in 100 ml saline test solutions containing 3.5w% NaCl saturated with CO, without and with the different
concentration of the Water melon seed extract of different concentration ranging from 50g/L to 200g/L

The measurements were performed on a 24 hourly basis. After the elapsed time, the coupons were retrieved at 24
hours interval progressively for 120 hours. The specimen was rinsed with distilled water and in ethanol for 10 minutes
in an ultrasonic bath to remove any corrosion products and avoid salt crystallization from the highly saline solution
and reweighed. The weight loss, (in grams), was taken as the difference in the weight of the carbon steel coupons
before and after immersion in the test solutions. The tests were performed in duplicate to guarantee the reliability of
the results, and the mean value of the weight loss was estimated.The measurements were performed at ambient
temperature in the reactors.

The effect of Immersion time, Inhibitor concentration and pH of the solution was investigated. The result was
compared with the Solution without the Inhibitor.

In all of the experiment, the Corrosion rate was calculated using the relationship below;

_ kw
Atp
Where;

R (2.1)
k is the weight loss constant given as (87.6)
w is the corrosion weight loss of carbon steel (mg),

A is the area of the coupon,
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t is the exposure time (hours), and
p is the density of carbon steel

More so, the Inhibition efficiency was computed using the equation below

Wy — W,
W.

n, = x100 (2.2)

Where wiandwyare the weight loss value in presence and absence of inhibitor, respectively.

The Weight Loss in each experiment was also determined using given equation

Weight Loss (g) = Initial Weight — Final Weight (2.3)
2.4 Surface Analysis

In order to observe any changes in surface morphologies of the carbon steel specimen after testing, the specimen was
immersed in the test media containing the CO, saturated saline solution with and without an inhibitor for 7 days, then
cleaned with distilled water and acetone, and dried by exposure to air. The surface morphology of the specimen was
then analyzed with a scanning electron microscope (SEM) which is a type of electron microscope that produces
images of a sample by scanning it with a focused beam of electrons (Chesnokova et al., 2016; Hassan et al., 2016;
Tasi¢ et al., 2018)

3.0 RESULTS AND DISCUSSION
3.1 Weight Loss and Inhibition Efficiency

The weight loss and Inhibition Efficiency were tested at different immersion time such as; 24hrs, 48hrs, 72hrs, 96hrs
and 120hrs. The pH of the solution was also varied at pH 3.15, pH 4.0, pH 6.0 and pH 8.0. The results shows
decreasing weight loss and increasing inhibition efficiency as the inhibition concentration increases from 50mg/I to
200mg/l at a particular time. This can be attributed to the Inhibitor occupying more active sites that can cause
corrosion (Espinoza Vazquez et al., 2020). Furthermore, it was observed that as the immersion time increases, the
Weight loss increases and the Inhibition efficiency decreases at pH 3.14 to 4.0.Alternatively, it was observed that as
the immersion time increases, Weight loss decreases and the inhibitor efficiency increasesat pH 6.0-8.0. Similar
observation was also reported by (Mohammed et al., 2020)

Table 3.1: Weight Loss and Inhibitor Efficiency at 24hrs and pH 3.15

Concentration (mg/L) Weight Loss Corrosion Rate | Inhibitor Efficiency (%)
(9) (mm/hr)
0 (Control) 6.5 0.565 0
50 5x 10~* 0.198 95.76
100 2.8x 107* 0.168 90.68
150 2x 1073 0.168 93.22
200 3x 1073 0.214 89.83
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Table 3.2: Weight Loss and Inhibitor Efficiency at 24hrs and pH 4.0

Concentration (mg/L) Weight Loss Corrosion Rate | Inhibitor Efficiency (%)
(9) (mm/hr)

0 (Control) 4.0 0.565 0

50 1.9%x 1073 0.198 76.42

100 15x 1073 0.168 94.34

150 3x 1073 0.168 88.68

200 2x 1073 0.214 92.45

Table 3.3: Weight Loss and Inhibitor Efficiency at 24hrs and pH 6.0

Concentration (mg/L) Weight Loss Corrosion Rate | Inhibitor Efficiency (%)
(9) (mm/hr)

0 (Control) 2.75 0.565 0

50 2.5%x 1073 0.198 51.46

100 15x 1073 0.168 94.17

150 15x 1073 0.168 94.17

200 1.25x 1073 0.214 95.15

Table 3.4: Weight Loss and Inhibitor Efficiency at 24hrs and pH 8.0

Concentration (mg/L) Weight Loss Corrosion Rate | Inhibitor Efficiency (%)
(9) (mm/hr)

0 (Control) 2.75 0.565 0

50 2.25x 1073 0.198 91.26

100 1.5x 1073 0.168 94.17

150 1.5x 1073 0.168 94.17

200 1.5x 1073 0.214 95.15

Table 3.5: Weight Loss and Inhibitor Efficiency at 120hrs and pH 3.15

Concentration (mg/L) Weight Loss Inhibitor Efficiency (%)
(9)

0 (Control) 5.7x 1073 0

50 3.06x 10~* 94.64

100 1.73x 1073 69.64

150 2.3x 1073 59.8

200 7.14x 1074 87.50

Table 3.6: Weight Loss and Inhibitor Efficiency at 120hrs and pH 4.0

Concentration (mg/L) Weight Loss Inhibitor Efficiency (%)
(9)

0 (Control) 7.70 0

50 4.34x 1073 43.71

100 3.83 50.33

150 1.02 86.75

200 1.02 86.75
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Table 3.7: Weight Loss and Inhibitor Efficiency at 120hrs and pH 6.0

Concentration (mg/L) Weight Loss Inhibitor Efficiency (%)
(¢)]

0 (Control) 5.66 0

50 0.00326 42.34

100 2.35 58.56

150 1.94 65.77

200 1.43 74.77

From Table 3.7, the Inhibitor Efficiency increases from 0 to 74.77% and the weight loss decreased from 5.66g to
1.43g without the inhibitor concentration (Blank) and with the Inhibitor Concentration (200mg/l). At an immersion
time of 120hrs. The increased inhibitor efficiency with the inhibitor concentration was due to the availability of the
Inhibitor at a longer time (Taheri et al., 2017). Thus, lower concentration of Inhibitor will be used up on time (Verma
et al., 2017) and due to the physical adsorption between the Inhibitor molecules and the Metal surface there will be
some active sites which will further cause corrosion (Chaouiki et al., 2020). Conversely, at a higher Inhibitor
concentration, there will be more Inhibitor molecules that can occupy active sites with time (120hrs)and this will help
to reduce the corrosion activity (Asadi et al., 2015).

Table 3.8: Weight Loss and Inhibitor Efficiency at 120hrs and pH 8.0

Concentration (mg/L) Weight Loss Inhibitor Efficiency (%)
9

0 (Control) 0.0118 0

50 0.0077 34.48

100 3,98 66.38

150 1.73 85.34

200 1.43 87.93

Figures (4.19-4.22) represent the effect of immersion time on the Weight Loss. It was observed that as the exposure
time increases, the difference in Weight Loss between each time intervals as seen in figures (4.19-4.22) reduces. It
was also observed that as the exposure time increases, the weight loss also decreases with increasing Inhibitor
Concentration at varying pH. The reason for this is due to the increase in rate of flow of the Inhibitor with exposure
time (Zeng, et al., 2016) thus giving room for more surface coverage on the metal surface which in turn minimizes the
rate of corrosion of the Carbon Steel (Loto, 2018; Uddin et al., 2018).

It was observed that there was an increase in Weight Loss from 24hrs to 96hrs and a reduction in Weight Loss at
120hrs when the Inhibitor concentration was 0mg/I (Balnk), 50mg/l and 100mg/l while there was a continuous rise in
weight loss during these time intervals when the Inhibitor concentration was 100mg/, 150mg/l and 200mg/l. This
behaviour can be attributed to the flow of the Inhibitor molecules in occupying all the active sites of the Carbon Steel
and also the rate of reaction (Husaini et al., 2018; Lgaz et al., 2017; Oluyori et al., 2020). During 24hrs to 96hrs the
Inhibitor molecules were attaching themselves onto the active sites of the Coupon and became stable after 96hrs of
Immersion time but due to the slow reaction, the higher Inhibitor volume could not occupy the active sites completely
during the investigation period which resulted in the continuous corrosion taking place (Farhadian et al., 2020;
Husaini et al., 2018)
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Figure 3.8: Variation of Weight Loss with Concentration at pH 8.0

3.2 Adsorption Isotherm
The Langmuir adsorption isotherm was used to fit the experimental data at different pH (3, 15, 4.0, 6.0 and 8.0).

The Langmuir adsorption isotherm was calculated using the relationship below

C—
ra K+C 3.1

Where;

C = The Inhibitor concentration

@= The degree of surface covered by the inhibitor
K = Adsorption equilibrium constant

Table 3.9: The kinetic data obtained from the Langmuir isothermal plot are shown below;

pH Slope Adsorption Constant Coefficient of
determination,
R2

3.15 1.1 1.06 0.906

4 1.2 4.2 0.992

6 0.9 0.0061 0.693

8 1.1 1.6 0.997

From Table 3.9, the slope of the adsorption isotherm for the different pH was close to unity with a little variance and
this suggests that inhibitor occupies individual active sites of the A36 Carbon Steel (Ardakani et al., 2020). It was
observed that the Inhibitor was strongly adsorbed on the Carbon Steel Coupon at pH 8.0 the highest adsorption
constant (1.6) was recorded in this study as observed in Table 3.9. Investigation reported by (Palumbo et al., 2019)
corroborates this study.

3.3 Gibbs Free Energy

The Gibbs free energy was determined using the relationship below

G= -RTIn55kads 3.2
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Where;

Kags =Adsorption constant

R =The universal gas constant (8.314 J/mol)

T = Temperature

Table 3.10: The Gibbs free energy obtained at various pH is as shown below

pH Level Gibbs Free Energy
(KJ/Mol)

3.15 -1.11

4 -1.16

6 -0.87

8 -1.14

The negative values of the Gibbs free energy observed indicates that the Inhibitor action on the surface of the Carbon
steel causes the reaction to be spontaneous (Chakravarthy and Mohana, 2014).
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Figure 3.9: Langmuir adsoption Isotherm plot
3.4 Scanning Electron Microscope (SEM) Analysis

Scan Electron Microscope is useful in identifying the corrosion activities of Carbon Steel. Results from STEM often
indicate the extent and nature of corrosion taking place at a particular time. The SEM analysis was conducted at pH
4.0 and pH 8.0. This result was also compared with the blank sample (without inhibitor concentration)
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Fig3.10: (A) SEM analysis without the Inhibitor additive, (B) with the Inhibitor additive at pH 3.15 and (C)
with the Inhibitor additive at pH 8.0

Observation of figure 3.10 (A) shows that there were patches of corrosion observed on the Carbon Steel and this was
due to the dissolution of the Iron carbonate since there was no presence of an Inhibitor on the Carbon Steel (Abbasov,
etal., 2013).

Figure 3.10 (B) and (C) shows the morphology of the Carbon Steel with the presence of the Inhibitor additive. It can
be observed that the surface has a smooth appearance which is in agreement to the fact that corrosion was minimal on
the surface of the Coupon. The reason for the smooth morphology observed was due to the Inhibitor occupying active
sites needed for corrosion to take place. In addition, there was an attractive force between the Inhibitor molecules and
the Metal surface (Singh, et al., 2013).

0 1 2 3 4 5 6 7 g 9 10 1 12 13 14 15 16 17 18 19
15,460 counts in 30 seconds

Figure 3.11: Scanning Electron Microscope of Carbon Steel at 200ppm pH 8
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Figure 3.12: Scanning Electron Microscope of Carbon Steel at 200ppm pH 8

0
22,304 counts in 30 seconds

Figure 3.13: Scanning Electron Microscope of Carbon Steel for Blank

3.4 Gas Chromatography Mass Spectroscopy (GC-MS) Analysis

The GC-MS contains a Library of standard spectrum which was used to compare each of the chromatogram from the
Carbon Steel Coupon that was used. From the Results (Figure 4.1-4.5) below, various similarities set result was
obtained for each compound (Benedict, 2014).
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Figure 3.18: Gas Chromatography Mass Spectrometry analysis for Oleic acid
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Figure 3.19: Gas Chromatography Mass Spectrometry analysis for Hexadecanoic Acid Methyl Ester
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Figure 3.20: Gas Chromatography Mass Spectrometry analysis for Trans 13 Octadecanoic Acid

Figures 3.16-3.20 represents the characterisation of the Watermelon seed extract using GC-MS. Analysis of the results
display the property that the Watermelon seed oil is made of. From the result, the Watermelon seed extract is made up
of Oleic Acid, Decadieonic Acid, Hexadecanoic Acid etc These Compounds are capable of providing a strong
bonding force needed on a Metal surface which can further help to slow down the rate of corrosion (Durowaye, et al.,
2014).

4, CONCLUSION
The following conclusions were summarised from this study;

e The scanning Electron Microscope analysis on the A36 Carbon Steel revealed patches of corrosion at pH
3.15(Saturated solution) in the absence of Inhibitor concentration and a fewer patches at pH 8.0 with Inhibitor
Concentration of 200mg/l. A smoother surface appearance was observed at pH 3.15 with same Inhibitor
concentration at 24hrs time interval which indicated that the Citrillus lanatus is an active green Inhibitor on
the Carbon Steel.

e As Inhibitor concentration increases, weight loss decreases, Corrosion rate decreaes while the Inhibitor
Efficiency decreaes at the same pH level.

e As the exposure time increases, the difference in weight loss between each time interval reduces.

e The weight loss decrease with an increase in pH from 3.15 to 8.0.

e The GC-MS characterization of the Citrillus lanatus Extract showed that it is made up of constituents
(Carboxylic Acid, Alkanal, Amide etc) that have hetero-atoms (NOS) in that is typical of good Corrosion
Inhibitors.

e The Langmuir Adsorption isotherm accurately fitted the adsorption process of the Citrillus lanatus Extract on
the surface of the A36 Carbon Steel with a slope (1.03) close to unity from the Langmuir Adsorption plot
which was an indication that the Inhibitor occupies individual active sites of the Carbon Steel Coupon.
Therefore, the adsorption process can be described as physisorption.
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