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Abstract

Admixture of ginger and grapefruit essential oils (GPP) were studied for their corrosion inhibition
properties on mild steel (MS) in 0.5 M H2S04 solution by potentiodynamic polarization, open circuit



potential measurement, electrochemical impedance spectroscopy, weight loss analysis and ATF-FTIR
spectroscopy. Results from potentiodynamic polarization shows GPP significantly reduced the corrosion
of MS from 8.430 mm/y at 0% GPP concentration to values between 1.979 mm/y and 0.565 mm/y. The
corresponding inhibition efficiency values ranged from 76.52% to 93.5% and corrosion current density
from 1.88 x 10-4 A/cm2 to 5.36 x 10-5 A/cm?2. GPP displayed mixed-type inhibition at all GPP
concentrations studied. The OCP plot at 0% GPP initiated at -0.495V compared to -0.443V and -0.451V at
1% and 3.5% GPP. At 9000s, the corresponding OCP values are -0.442V, -0.410V and -0.424V due to
electropositive plot shift and passivation of MS surface at 1% and 3.5% GPP, though significant potential
transients were present on the OCP plot at 1% GPP. The electrochemical impedance results indicate that
the corrosion resistance of MS increased from 4.402 Q cm2 to 99.318 Q cm2 upon the addition of 3.5%
GPP resulting in inhibition efficiency of 96%. Data from weight loss analysis shows decrease in corrosion
rate from 184.48 mm/y to values between 8.94 mm/y and 6.25 mm/y. The corresponding inhibition
efficiency values varies from 95.16% at 1% GPP to 96.61% at 3.5% GPP concentration. The ATF-FTIR
results confirm the adsorption of GPP molecules on the surface of the carbon steel electrode.
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Introduction

The economic value of carbon steels in addition to their versatile mechanical and physical properties
accounts for their universal utilization in industrial and domestic environments worldwide [16]. They can
be quenched, tempered, fabricated, welded and easily formed to desired specifications. Carbon steels
combine strength with excellent ductility, hardenability and carburization properties. Utilization of
carbon steels covers their usage as cold headed fasteners and bolts, shafts, sprockets, spindles, pins,
crankshafts, couplings, rods and other high volume component devices. Carbon steel makeup 85% of
the total steel production globally [34]. However, the steel is prone to significant damage resulting from
corrosion [11], [17], [39]. The corrosion problem is due to the application of the steel in petrochemical,
gas processing, automobile, construction, fertilizer production, desalination and extraction industries
containing sulphates a major component of H25S04 acid. This stems from the weak resistance of the
steel to the electrochemical action of sulphates on the steel surface as a result of their inability to
passivate within such environments. The oxide formed on the steel exhibits numerous pores enabling
the electrolytic transport and diffusion of the corrosive species onto the substrate Fe. Passivating
elements (Cr, Ni, Mo etc.) are responsible for the evolution of an impenetrable film and passivation on
stainless steels [41]. H2S04 acid is a universal commodity solution whose synthesis and production is an
important reference point for a nation's industrial capacity. The solution is produced through a variety
of techniques e.g. wet H2S0O4 process, contact process etc. The acid is used in the production of
fertilizers, petrochemical refining and production, chemical processing, production of dyes, batteries
and bleaching agent, removal of metals from their ores and in rubber production [26], [48], [53]. The
consequence of carbon steel corrosion in H2S04 is high economic damage, decrease in operational
lifespan, plant shutdowns, industrial accidents and enormous cost of repair and maintenance [1], [4],
[63]. Corrosion prevention on carbon steels can be substantially reduced with customized corrosion



control techniques that factors in the peculiarities of application and environmental conditions.
Technigues such as such as surface modification, electrodeposition, electroplating, cathodic protection,
paint coatings etc. have been proven to be effective but are limited in application and are costly. Fluid
compounds identified as corrosion inhibitors have been proven to be effective, economical and versatile
in corrosion prevention of carbon steels [47]. Although, corrosion inhibitors (i.e. inorganic and organic
inhibitors) have been known for decades the confirmed effective ones have been shown to be toxic to
the environment and personnel leading to restriction on their use by government regulations [12], [36],
[40], [42], [57], [66]. Green chemical compounds from plant extracts have shown promising corrosion
inhibition characteristics. However, they tend to perform poorly, they are biodegradable, have short
shelf life and lack strong adsorption performance on carbon steels [5], [14], [43], [45], [56]. Other results
obtained from experimental investigations on green chemical compounds depict the importance of well
documented repository inhibition effect, reactive species, effective functional lifespan and adsorptive
properties [3], [38], [44], [51], [55]. Distillates from essential oils (plants, barks, seeds etc.) has been
research into [8], [10], [18], [19], [24], [30], [37], [45]. Results obtained by Znini [68], Bathily et al [69]
and Hossain et al [31] from over two hundred published manuscripts on the corrosion performance of
various essential oils extracts. showed that they performed effectively especially when related to their
concentration and chemical properties. Nevertheless, the absence and toxic compounds in their natural
forms, their abundance, renewability and environmental sustainability gives room for extensive research
for corrosion inhibition. This also brings up the problem of documentation. One of the features of this
article in addition to the problems earlier raised is to determine the threshold concentration for optimal
performance of plant extracts. It's must be noted that essential oil distillates have been proven to be
marginally effective but their corrosion inhibition effect highly dependent on concentration [13], [15],
[46], [60], [61]. Fidrusli et al [22] studied the effect of ginger extracts and powder on the corrosion
inhibition of mild steel in 1M HCl solution. Results showed inhibition efficiency increased with respect to
ginger concentration with optimal inhibition efficiency of 91% and 86% from weight loss and
polarization test. Narenkumar et al [50] studied the effect of ginger extract on the microbial (Bacillus
thuringiensis EN2) corrosion resistance of mild steel in a cooling water system. The extract was observed
to form a protective layer to prevent the biofilm formation. Maximum inhibition efficiency of 80% was
obtained. Fouda et al [23] studied the effect of ginger extract on steel corrosion in sulfide polluted NaCl
solution. Inhibition efficiency was observed to increase with inhibitor concentration with optimal value
of 83.9% at 250 ppm of ginger. Gadow and Motawea [25] Studied the inhibitive effect of ginger roots
extract on carbon steel corrosion in 1.0 M HCl solution at specific temperatures. Results showed
inhibition efficiency increased with increase in concentration of the extract and decrease in
temperature. Maximum inhibition efficiency of 94% at 200 ppm of extract and 25°C was attained. Batah
et al [6] studied grapefruit oil extract as corrosion inhibitor on carbon steel in 1M HCI. Inhibiting action
increased with extract concentration with highest efficiency of 86.15% at 1g/L of the extract. In support
of the quest for effective green corrosion inhibitors for carbon steels, this research focusses on the
protection effect of equal admixture ginger and grapefruit on mild steel in 0.5M H2S04 solution. The
purpose of the admixture is to study the synergistic effect of the two extracts and observed for
significant variation in corrosion inhibition compared to their separate performances.

Experimental methods

Materials and preparation



Mild steel (MS) test sample with circular configuration of 1.2 cm diameter has elemental composition of
0.21% Cu, 0.29% Si, 1.04% Mn, 0.27% C, 0.06% S, 0.05% P and 98.08% Fe from energy dispersive
spectroscopy analysis with PhenomWorld scanning electron microscope. The MS sample was divided
into several smaller test samples with manual cutting tool into average dimensions of 1 cm length for
weight loss measurement. MS test pieces for potentiodynamic polarization and open circuit potential
analysis were attached to a Cu cable with lead before implanting in pre-hardened acrylic mixture. The
visible surface of the steel was abraded with emery papers (60, 300, 600, 1000 and 1500 grits) and
polished with 6 um diamond fluid before washing with distilled H20 and propanone. Ginger and
grapefruit (GPP) essential oil extracts were purchased from NOW Foods, USA, and prepared in
volumetric concentrates of 0%, 1%, 1.5%, 2%, 2.5%, 3% and 3.5% respectively per 200ml of 0.5M H2S04
solutions at ratio 1:1.

Potentiodynamic polarization and open circuit potential measurement

Electrochemical analysis was carried out at 35 °C room temperature with a Digi-lvy 2311 potentiostat
(consisting of triple electrode configuration within a transparent beaker containing the acid-extract
solution) and connected to a computer. The electrodes are MS electrodes with exposed surface area of
1.13 cm3, Ag/AgCl standard electrode and Pt wire auxiliary electrode. Polarization plots were produced
at scan rate of 0.0015 V/s from -1.1 V and +1.65 V. Corrosion current density CJ, (A/cm2) and corrosion
potential, Cp (V) values were determined through Tafel derivation. Corrosion rate, CRT (mm/y) was
computed from the mathematical relationship below;

(1)

where Cq is the correlative weight (g) of MS, 0.00327 is the corrosion constant and D is density (g/cm3).
Inhibition efficiency, IEF (%) was calculated from below;

(2)

CRT1 and CRT2 are MS weight loss without and with the extracts. Polarization resistance, PR, (Q) was
computed from below;

(3)

Ba and Bc are the anodic and cathodic Tafel slopes (V/dec). Open circuit potential measurements were
performed at step potential of 0.2V/s for 9000 s in 0.5 M H2504 solution at 0%, 1% and 3.5% GPP
concentration with the same electrode configuration as the potentiodynamic polarization test.

Electrochemical impedance spectroscopy

A Gamry Potentiostat/Galvanostat/ZRA Reference 600 + workstation was used for the electrochemical
impedance spectroscopy (EIS) experiments. The experiments were carried utilizing the high carbon steel
sample as the working electrode, a Ag/AgCl (sat. 4.2 M KCl) as the electrode, and a platinum rod as the
counter electrode. Before the impedance characteristics of the working electrode were obtained, the
open circuit potential was monitored for 1800 s. At the open circuit potential, the EIS measurements
were performed under potentiostatic mode by applying an alternating—current signal with amplitude of
10 mV over a frequency range of 100,000 Hz to 0.1 Hz. The electrochemical impedance data obtained
were analysed using the Echem analyst software.



Weight loss measurement

Weight of MS steel test pieces were determined and singularly suspended in 200 mL of the acid-extract
solution for 240 h. MS weight determination was done at 24 h interval. Corrosion rate, CRT (mm/y) was
determined from the relationship below;

(4)

WL is the weight loss (g), D is the density (g/cm3), t represents time (h), A is the total exterior area of the
MS specimen (cm2) and 87.6 is the corrosion rate constant [35]. Inhibition efficiency (n) was determined
from the following numerical expression below;

(5)
WL1 and WL2 represents weight loss at specific extract concentrations.
ATF-FTIR spectroscopy

1% GPP concentration/0.5 M H2S04 solution, before and following corrosion test were analysed under
infrared particle emissions with Bruker Alpha FTIR (Fourier transform infrared spectroscopy)
spectrometer within the wavelength span of 375 to 7500 cm-1, and accuracy of 0.9 cm-1 after 240 h of
MS weight loss measurement. Spectral patterns were studied and linked to the conventional ATF-FTIR
(Attenuated Total Reflectance-Fourier transform infrared spectroscopy) table. Tabulations were done
for the reactive groups which influenced the redox reaction processes.

Results and discussion
Potentiodynamic polarization studies

Cathodic and anodic polarization plots representing the corrosion polarization behavior of MS in 0.5 M
H2S04 solution at 1% - 3.5% GPP concentration are shown in Fig. 1. The polarization data retrieved from
the plots are shown in Table 1. Observation of Table 1 shows MS corrosion rate value at 0% GPP
concentration significantly varies from the corrosion rate at 1%-3.5% GPP concentration in relative
manner compared to the observation from weight loss analysis. Corrosion rate at 0% GPP concentration
is 8.430 mm/y corresponding to corrosion current density value of 8 x 10-4 A/cm2 and polarization
resistance of 28.42 Q. The corresponding polarization plot configuration shows significantly higher
cathodic slope was observed compared to the anodic polarization slope which intersects at -0.449 V.
The relatively higher cathodic and anodic polarization slope is due to accelerated cathodic reactions
involving O2 reduction and H2 evolution, and anodic reactions involving surface oxidation of the steel
[64]. However, beyond 0% GPP concentration significant decrease in the cathodic polarization slope was
observed due to suppression of the cathodic half-cell reaction of the redox electrochemical process. In
effect the cathodic processes were significantly slowed down with respect to GPP concentration. The
anodic portion of the polarization varied marginally with respect to GPP concentration compared to the
cathodic plots. This shows the anodic reactions are under activation control whereby increase in GPP
concentration has limited influence on the anodic polarization behavior and inhibition of the steel. This
is due to effective surface coverage of the steel irrespective of GPP concentration which will be further
discussed in the weight loss measurement and optical microscopy section [47]. Addition of GPP extract
to the acid solution shifts the corrosion potential of the polarization plot at all GPP concentrations
positively relative to the corrosion potential at 0% GPP concentration. This signifies dominant anodic



half-cell reaction within the overall redox reaction process [7]. However, the anodic shift is less than
85mV hence GPP inhibition mechanism is mixed-type [20]. Corrosion rate of MS significantly decreased
in the presence of GPP extract from 8.430 mm/y at 0% GPP concentration to 1.979 mm/y at 1% GPP
concentration and values ranging between 0.719 mm/y and 0.565 mm/y (1.5% -3.5% GPP
concentration). Increased in GPP concentration marginally influenced the corrosion rate of MS after
1.5% GPP concentration. At 3.5% GPP concentration, optimal inhibition efficiency was attained at 93.3%,
corresponding to corrosion current density of 5.36 x 10-5 A/cm2 and polarization resistance of 410.90
Q.

Fig 1
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Fig. 1. Potentiodynamic polarization plots for MS corrosion in 0.5M H2S0O4 solution at 0%-3.5% GPP
concentration

Table 1. Potentiodynamic polarization data for MS corrosion in 0.5M H2S0O4 solution at 0%-3.5% GPP
concentration

GPP Concentration (%) MS CRT (mm/y) GPP IEF (%) Corrosion Current (A) CJ (A/cm2) CP (V)
PR (Q) Bc(V/dec) Ba (V/dec)

0 8.430 - 9.04E-04 8.00E-04 -0.449 28.42 -9.662 6.331
1 1.979 76.52 2.12E-04 1.88E-04 -0.409 121.10 -4.670 0.920
1.5 0.719 91.47 7.71E-05 6.83E-05 -0.435 303.10 -6.135 0.840
2 0.592 9298 6.35E-05 5.62E-05 -0.433 331.30 -3.422 0.640
2.5 0.588 93.03 6.30E-05 5.58E-05 -0.421 367.60 -2.388 0.436
3 0.579 93.13 6.21E-05 5.49E-05 -0.433 373.60 -4.309 0.286
3.5 0.565 93.30 6.05E-05 5.36E-05 -0.435 410.90 -2.816 0.812

Open circuit potential analysis

Open circuit potential (OCP)plots were produced for MS in 0.5 M H2S04 solution at 0%, 1% and 3.5%
GPP concentration for 9000s. The plots shown in Fig. 2 depict the active-passive transition behavior and
thermodynamic properties of the surface characteristics of the steel at the metal-solution interface. The
higher the corrosion rate of the steel i.e. redox electrochemical processes occurring on the steel surface.
Hence, the more electronegative the plots relative to other plots [54]. The OCP plot at 0% GPP initiated
at -0.495V compared to -0.443V and -0.451V for MS at 1% and 3.5% GPP concentration. The OCP plot
sharply increased to electropositive values before attaining relative stability at 2019.82s (-0.453V).
Beyond this point, the extent of variation of the thermodynamic properties of the steel becomes



marginal till 9000s (-0.442V). The plot configuration shows that at initiation point the steel is exposed to
the electrochemical action of the corrosive species i.e. the surface is in the active phase. Between Os and
2019.82s, there is significant transition to passive phase and stable thermodynamic behavior. This is
different from passivation in Cr based alloys. In carbon steels it simply refers to the point or region at
which electrochemical deterioration of the steel attains equilibrium behavior even though corrosion still
occurs throughout the exposure period. Addition of GPP extract at 1% and 3.5% GPP concentration
shifted MS OCP plots to electropositive values signifying decreased redox reaction processes on the
steel surface [59]. This is due to passivation of the steel through surface coverage by GPP extract as
presented by optical microscopy analysis. The plots initiated at -0.443V and -0.451V (as earlier stated);
however, the plot at 3.5% GPP concentration attained relative thermodynamic stability at 1600s (-
0.434V) and culminated at -0.424V (9000s), though marginal shift to electropositive values was
observed. The OCP plot at 1% GPP concentration remained thermodynamically unstable throughout the
exposure hours with visible potential transient. It must be noted that the OCP plot at 1% GPP
concentration is relatively more electropositive than the plot at 3.5% GPP concentration signifying
decrease in corrosion reaction processes on the steel surface. However, despite effective protection of
the steel surface, the surface properties of the steel are thermodynamically unstable resulting in the
potential transients. This is due to instantaneous short-term breakage of the extract protective film. The
plot at 3.5% GPP concentration is more thermodynamically stable despite having a lower degree of
passivation of the steel surface. This observation is due to the presence of more protonated GPP
molecules available for inhibition of the corrosive species in the acid and prevention of their electrolytic
transport to the steel surface. Secondly, the presence of more aggregate extract molecules possibly
results in lateral among the excess extract molecules.

Fig 2
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Fig. 2. OCP plots for MS in 0.5 M H2S04 solution at 0%, 1% and 3.5% GPP concentration

Electrochemical impedance spectroscopy studies

The electrochemical impedance characteristic of MS in 0.5M H2S04 solution, without and with selected
concentrations of GPP at room temperature is given in Fig. 3 in the form of (a) Nyquist and (b) Bode
representations. In both the uninhibited and inhibited systems, the Nyquist diagrams exhibit a capacitive
loop at the high to medium frequencies depicting the charged controlled corrosion process [21], [28],
[33], [65] and an inductive loop at the low frequencies which is associated with the relaxation of the
corrosion products and/or adsorbed GPP molecules [52]. These two phenomena are also evident in the
Bode graphs, for instance, the broadness of the Bode Phase in Fig. 3(b). Although the MS corroded in
both the uninhibited and inhibited H2504 solutions, the influence of GPP on the corrosion process is
very clear. In Fig. 3(a), the introduction of 1% GPP into the corrosive solution resulted in a noticeable
increase in the diameter of the capacitive loop, meaning that the presence of GPP in the corrodent
delayed the charge transfer process resulting in a decrease in the rate of corrosion of the metal [21],
[28], [33], [65]. The diameter of the capacitive loop (Fig. 3(a)) further increased, the Bode impedance



modulus and Phase angle shifted toward nobler values as the concentration of GPP was raised to 3.5%.
This implies that the corrosion inhibition performance of GPP is concentration dependent. A further
inspection of the Nyquist graphs reveals that the capacitive loop is not a perfect circle which is a
common feature of a solid electrode and describes the frequency dispersion caused by the
heterogeneity of the working MS electrode [67]. The nature of the impedance spectra (Fig. 3) prompted
the selection of the two-time constants equivalent circuit given in Fig. 4 to model the impedance data.
The suitability of the selected equivalent circuit is reflected in the low fitting error and Chi square values
given in Table 2. The elements of the equivalent circuit have the following meaning: Rs = solution
resistance), Rct = charge transfer resistance, @ = constant phase element, Rf = film resistance, and RL
and L are the inductive elements. The use of @ instead of a capacitor was necessitated by the
imperfectness nature of the impedance [Fig. 3(a)] [32]. The impedance of @ can be defined as [33]:

(6)
where

is the @ constant, n is the CPE exponent and describes the heterogeneity of the electrode, j is an
imaginary number, and w the angular frequency in rad/s. The fitted values and the inhibition efficiency
calculated using Equation 2 are given in Table 2.

(7)

Fig 3
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Fig. 3. Electrochemical impedance plots for MS corrosion in 0.5M H2S04 solution without and with
selected concentrations of GPP at room temperature in (a) Nyquist and (b) Bode representations.

Fig 4
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Fig. 4. Equivalent circuit used in the analysis of the electrochemical impedance data obtained for the
corrosion of MS corrosion in 0.5M H2S04 solution without and with selected concentrations of GPP at
room temperature.

Table 2. Electrochemical impedance parameters for MS in 0.5M H2S04 solution without and with
selected concentrations of GPP at 30°C

Empty Cell Empty Cell CPEdI+ Er Empty Cell Empty Cell



Conc. (%) Rs + Er (Q cm2) Y01 (uQ-1s2 cm-2) nl Rctt Er (Q cm2) IE (%)

0 0.103+0.002  272.20+0.00 0.97+0.71 3.961+0.11 -
1 1.014+0.024  194.05+0.00 0.93+0.29 26.000+7.08 85
3.5 0.642+0.008 132.30+0.00 0.88+0.00 98.930+14.75 96
CPEft Er

Y02 (uQ-1s2 cm-2) n2 Rft Er (Q cm2) Rtotal (Qcm2) L(Qscm2)
(x 10-3)

127.90£0.00  0.99+0.05 0.441+0.112  4.402 3.97E-9 84.40
92.50+0.00 0.9310.16 3.357£7.097  29.357 8.32E-45.60
82.00+0.00 0.630.11 0.388+0.007  99.318 4.86E-40.98

In Table 2, both the YO1 and Y02 are seen to decrease with increase in the concentration of GPP. This is
reflective of the improvement in the characteristics of the adsorbed steel surface film. Generally, YO
gives information about the characteristics of a metal surface film [62] and the smaller the YO value, the
better the surface film [27]. It does infer that the film formed due to GPP adsorption exhibited better
protective properties than the corrosion product layer. This is also evident in the high value of the total
charge resistance (Rtotal) obtained for the inhibited steel surface relative to the uninhibited (Table 2).
By comparing the YO and the Rtotal values of the 1% and 3.5% GPP systems, it is seen that, an increase
in the concentration of the GPP resulted in a further decrease in the YO value and an increase in the
Rtotal value. Consequently, the 3.5% GPP exhibited inhibition efficiency of 96% relative to 85% exhibited
by 1% GPP. The decrease in the YO value and an increase in the Rtotal value are caused by the increase
in the thickness of the electrical double layer due to adsorption of the GPP molecules onto the steel
surface [2]. It is also important to mention that the n1 and n2 values are very close to unity (Table 2).
This shows that the MS/H2504 solution interface behaved as a capacitor [27].

Weight loss analysis and optical microscopy

Weight loss analysis of MS was done for 240 h at specific concentrations of GPP extract in 0.5 M H2S04
solution. Data obtained from the analysis (weight loss, corrosion rate and inhibition efficiency) at 240 h
of exposure are presented in Table 3. Fig. 5(a) and (b) shows the plots of corrosion rate of MS and
inhibition efficiency of GPP versus exposure time from 24 h to 240 h. Optical images of MS before
corrosion, after corrosion without GPP extract and after corrosion with GPP extract are shown in Fig 6.
The plots in Fig. 5(a) shows the significant variation of MS corrosion rate at 0% GPP concentration and
MS at 1%-3.5% GPP concentration. At 0% GPP concentration, MS being a ferrous alloy without
passivating elements undergoes accelerated corrosion by single displacement due to the
electrochemical action of SO42- anions in the electrolyte according to the equation below;

(8)Fe (s) +H2S04 (aq) - FeS0O4 (aq) + H2 (g)

Table 3. Weight loss data for MS corrosion and GPP inhibition in 0.5 M H2S04 solution at 240 h



GPP Extract Concentration (%) Weight Loss (g) Corrosion Rate (mm/y) Inhibition Efficiency (%)
0 6.110 184.48 -

1 0.296 8.94 95.16

15 0.170 5.13 97.22

2 0.114 3.45 98.13

2.5 0.183 5.53 97.00

3 0.177 5.34 97.11

35 0.207 6.25 96.61

Fig 5

Download: Download high-res image (346KB)
Download: Download full-size image

Fig. 5. (a) MS corrosion rate versus exposure time at 0%-3.5% GPP concentration and (b) GPP inhibition
efficiency versus exposure time at 1%-3.5% GPP

Fig 6
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Fig. 6. Optical images of MS

Fe oxidize in the electrolyte by losing electrons and passing into the solution as Fe2+ to form FeSO4. H2
gas is released through evolution mechanism resulting from the combination of H molecules. Between
24 h and 96 h, corrosion of MS increased progressively from 78.2 mm/y to 188.85 mm/y signifying
increased reaction mechanism in the electrolyte. Beyond 96 h of exposure, corrosion rate of MS
attained quasi stationary state before culminating at 184.48 mm/y (240 h). The image of MS (Fig. 6) at
240 h without GPP extracts showed a corroded morphology. Corrosion rate plots of MS at 1%-3.5% GPP
concentration significantly decreased compared to the plot at 0% GPP concentration. This is due to
inhibition effect of protonated GPP molecules which effectively suppressed the corrosion reaction
processes occurring on MS surface in the electrolyte and alteration of the corrosive electrolyte. Taking
into consideration, the similar plot configuration of MS corrosion rate in the presence of GPP extract, it
can be deduced, that increase in GPP concentration, despite significantly reducing the corrosion rate of
MS has minimal influence on the corrosion behavior of MS. In the presence of the extracts, corrosion
rate of MS initiated at values between 26.87 mm/y and 33.51 mm/y. The plot shows the corrosion rate
decreased progressively with time signifying time dependent suppression effect of the extract molecules
whereby the anions of the corrosion species are inhibited from getting to MS surface. Relative stability



was attained at 144 h where corrosion rate of MS varies between 5.44 mm/y and 10.06 mm/y. At 240 h,
corrosion rate has marginally decreased to values between 3.451 mm/y and 8.937 mm/y. The image for
MS corrosion in the presence of GPP extract (Fig. 2) shows the presence of GPP extract film which stifled
the corrosion rate reactions on the steel surface. Observation of the inhibition efficiency values in Table
2 shows the final values at 240 h. The values varied from 95.16% at 1% GPP concentration to 98.13% at
2% GPP concentration confirming that GPP protection performance is independent of its concentration.
Variation of inhibition efficiency with respect to time shows in Fig. 5(b) shows at 24 h inhibition
efficiency varied between 57.14% and 65.64% before progressing to final values shown in Table 3.

ATF-FTIR Spectroscopy Studies

To further prove the adsorption of GPP on MS surface leading to the suppression of corrosion in the
studied corrosive medium, the FTIR spectra of the crude GPP and the film extracted from the MS surface
after corrosion were compared as shown in Fig. 7. In the GPP spectrum, the prominent absorption bands
are at 3450 cm-1, 2390 cm-1, 1610 cm-1, 1250 cm-1, 1020 cm-1, and 770 cm-1. The broad band at
3450 cm-1 is assigned to O-H stretch and the band at 1610 cm-1 is due to the conjugated C=C
stretching [49]. The absorption band at 1020 cm-1 is consistent with the C-O stretching of a primary
alcohol [58] and the band at 770 cm-1 is associated with the alcohol, OH out-of-plane bending. This
result, as expected show that the essential oils contained multiple organic compounds. Although the
compositions and constituents of essential oils may vary depending on the geochemistry of the soil
where it is cultivated, it is generally made up of terpenes such as terpineol, cineole, citronellal, and
others [9]. Compared to the GPP, the spectrum of the extracted film exhibits all the absorption bands
noted in the GPP spectrum. This provides experimental evidence to the claim of GPP molecules
adsorption on the steel surface, which in extension is responsible for the inhibition of the metal against
corrosion. Furthermore, it is observed that the C=C, C-O stretching, and the OH out-of-plane bending
bands are sharper and more prominent in the extracted film spectrum relative to the raw GPP spectrum.
This is suggestive of the involvement of these functional groups in the bonding process [29].

Fig 7
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Fig. 7. The FTIR spectra of the raw GPP (mixture of Ginger and Grape fruit oils) and the film extracted
from the high carbon steel surface after immersion in 0.5M H2S04 solution containing 3.5% GPP at
room temperature.

Conclusion

Admixture of ginger and grapefruit essential oil effectively inhibited mild steel corrosion in dilute H2SO4
solution. ATF-FTIR data showed the oils contains multiple organic compounds and the corresponding
spectrum of the extracted film GPP molecules adsorbed on the steel surface proves it is responsible for
the inhibition of the metal against corrosion. Open circuit potential plots of the inhibited steel were
significantly more electropositive relative to the plot without the oil extract. Passivation of the steel in
the presence of the extract significantly altered the dynamics of the corrosion reaction processes.



Results from Potentiodynamic polarization and weight loss analysis confirmed the effective inhibition
properties of the oil extract with inhibition efficiency generally above 90%.
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