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Abstract: The inhibitive effect of naturally available potato peel extract (PPE) toward the corrosion of carbon steel (CS) in formation water
solution (FW) has been investigated by weight loss and open circuit potential (OCP). The results showed increase in the inhibition
efficiency with increasing potato peels extract concentration up to 92.27% obtained at 250C for a 2.5% (v/v) concentration. The results also
showed the increase in the inhibition efficiency with decreasing temperature. The adsorption film of extract on the carbon steel specimen
was also found to follow Langmuir adsorption isotherm. SEM and EDX studies supported the adsorption of the inhibitor over the metal

surface.
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1. Introduction

Corrosion causes a deterioration of metal surfaces and alloys
causing economic consequences in terms of replacement,
repair, product losses, environmental pollution and safety.
Carbon steel is commonly used in many industries such as
construction and oil pipelines as it is inexpensive and readily
available [1], However, corrosion of pipes is one of the
biggest issues that occur in oil production, which causes
many economic losses because these pipes are exposed to the
problem of corrosion to a high degree. In the oil fields,
formation water (FW) produced naturally and contains high
concentrations of chloride and sulfate and also some of the
dissolved gases such as hydrogen sulfide and carbon dioxide
gas, which is carbonic acid when dissolved in water, which
leads to the destruction of oil pipeline [2]. Corrosion
inhibitors are compounds that when added in suitable
amounts can lower the corrosion rate of the metal. One of the
main drawbacks with most synthetic-type organic inhibitors
is their severe environmental hazard. Therefore, more steps
and efforts have been made to study naturally occurring
inhibitors [3]. Potato (Solanum tuberosum) is one of the
major staple foods of the human diet that grows in more than
100 countries. Potato is the fourth largest crop grown
worldwide after rice, wheat and maize. Apart from its use in
food products such as chips, French fries, hash browns, and
frozen food, potato is also used as a raw material in canning,
starch, and flour industries. Because of its extensive use in
various industries, large amounts of peels are generated [4].
However, Potato Peels is a valuable source of bioactive
compounds, which can be converted into value-added
products. The aqueous extract of Potato Peels contains
various phenolic acids such as gallic acid (58.6-63.0
mg/100g), protocatechuic acid (216.0- 256.0 mg/100 g),
vanillic acid (43.0—48.0 mg/100 g), caffeic acid (278.0-296.0
mg/100 g), chlorogenic acid (753.0-821.3 mg/100 g), p-
hydroxybenzoic acid (82.0-87.0mg/100 g) and p-coumaric
acid (41.8-45.6mg/100 g) [3]. The phenolic compounds
adsorb on the CS surface through the lone pairs of electrons
on oxygen and nitrogen atoms from this compounds forming
an isolating layer film [5]. This research is conduct to study
the effect of potato peels extract as inhibitor to Carbon steel
corrosion in formation water environment.

2-Experimental details

2.1. Electrode preparation

The working electrode was made from the carbon steel
sample mounted in a glass tube with araldite epoxy with an
exposed surface area of 0.867cm’ with composition (in
wt.%) C: 0.431, Si: 0.15, P: 0.0151, Cr: 0.0335, Mo: 0.0050,
Ni: 0.0161, Cu: 0.0398, Al: 0.0053, and Fe (balance) which
was used for investigation by using Foundary —Master
equipment. For weight loss measurements, rectangular
samples of a 7.5 x 2 x 0.1 cm? area have been cut from a
large sheet of mild carbon steel. A hole was drilled at one
end to help holding them with plastic string and suspend
them into the corrosive medium. The samples were abraded
with successively fine grade emery papers, washed with
absolute ethanol then rinsed with doubly distilled water,
dried, weighed and stored in desiccators for further use.

2.2. Potato Peel Extract preparation (PPE)

Potato were washed under running water and peeled, and the
peels were then air-dried and crushed using a blender. A
mass of about 5 g of dried and crushed peel was added to a
beaker containing 100 mL of distilled water that was freshly
boiled and left to sit for 30 min off the heat; this mixture was
agitated sporadically. After extraction, the sample was
filtered; the extracts were stored at 4°C [6]. Concentration of
the stock solution was determined by drying a sample and
measuring the weight of the residue relative to the volume of
the sample taken. Using dilution, stocks with different
extract concentrations (0.5-2.5%) were prepared [5].

2.3. Corrosive medium

The corrosive medium is the solution of produced oiled
water collected from an oil well from Bader El Din
Petroleum Company in Egypt. The chemical composition
and physical properties of the produced oiled water sample
(named formation water) which were carried out using
Dionex ion chromatography system ICS-1100 (PerkinElmer,
Germany) are shown in Tables 1 and 2, respectively.
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Table (1): The characteristic constituents of formation water
solution (in ppm)

Sodium. & potassium. 2205
Calcium 262
Magnesium 46
Barium 3.74
Strontium 6.5
Chlorides 4537
Sulphate 1750
Bicarbonates 378
Carbonates 0
Hydroxides 0
T.D.S.(Total dissolved solids) 11000

Table (2): The physical properties of formation water

pH 6.88
Salinity as NaCl 7449
Total hardness 842

3. Methodology

3.1. Weight loss measurements
Samples were initially weighed in an electronic balance.
Weighed samples were immersed in 100 mL of formation
water without and with different concentrations of the extract
at 25°C. After adjusting the temperature and passing the
specified immersion time, the specimens were taken out
from the test solution, dried in moisture-free desiccator and
re-weighed using a sensitive analytical balance Model FA
2104A (cap.: 210 g, d.: 0.1mg). In each case, the difference
in weight was taken as the weight loss. The corrosion rates
were calculated according to Equation (1):

Cr
= (AW X 534)/Atd (D

where Cg, is the corrosion rate (mpy), AW (g), is the
difference in the specimen weight before and after
immersion in the test solution, A4, is the surface area of the
CS specimens (cm?), t, is the exposure time (h) and d, is
density of CS in g/cm®. The degree of surface coverage (8)
was calculated using Equation (2):

e — W,-Ww; (2)

Wo

Where Ww; and W, are the values of weight losses of CS
specimens in inhibited and uninhibited solutions,

respectively. The inhibition efficiency IE% was calculated
according to Equation (3): [7]

IE% = 6 x 100 ©)

3.2. Open-circuit potential measurements:-

All open-circuit potential measurements were carried out at
25°C. The potential of CS electrode immersed in different
concentrations of testing inhibitor was recorded as a function
of time with the aid of Electronic multimeter (KEITHLEY,
Model 175, USA) using saturated calomel electrode (SCE)
as a reference electrode.

3.3. SEM/EDX analysis

Surface morphology was investigated for CS samples
immersed 30 days in produced formation water solutions
free and containing 2.5% (v/v) of PPE. The scanning
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electron microscope used was a SEM Model Quanta 250
FEG (Field Emission Gun) equipped with energy dispersive
X-ray analyzer (EDX) unit, with an accelerating voltage of
30 kV, magnification of 14x up to 1 million and resolution
for the gun of 1 n (FEI Company, Netherlands).

3.4. FTIR analysis

FTIR analysis is performed for the crude peels inhibitors to
confirm the functional groups in molecules, FTIR analysis is
performed using Spectrum One spectrophotometer.

4. Results and discussion
4.1. Weight loss measurements

4.1.1. Effect of inhibitor concentration

It has been observed from Figure (1) and Table (3) that the
rate of CS dissolution decreases gradually with increasing
PPE concentration. Also the degree of surface coverage (0)
and the percentage of inhibition efficiency increased with the
increase of inhibitor concentration, with maximum IE%
(92.27) at a concentration of 2.5% (v/v). The increase in
inhibition efficiency is due to increase in the number of
adsorbed extract molecules at the metal/solution interface
with increasing its dose in solution, which leads to cover
some of the flaws and active anodic areas on the steel
surface. This leads to the formation of more resistant and
adherent protective film on the CS surface. Thus the degree
of inhibition depends on the concentration of PPE [8-10].
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Figure 1: Variation of weight loss with time for CS in FW
containing various concentrations of PPE at 25°C.

Table 3: Corrosion parameters of CS in FW containing
different concentration of PPE

Conc. Cr 0 IE
Yo(viv) (mpy) %
Blank 0.0 6.29E-08
0.5 1.75E-08 0.7224 72.24
1.0 1.48E-08 0.7648 76.48
PPE 15 1.06E-08 0.8316 83.16
2.0 8.93E-09 0.8581 85.81
25 4.87E-09 0.9227 92.27
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4.1.2. Effect of immersion time

The variation of weight loss (mg/cm?) of CS immersed in
FW with time in the absence and presence of various
concentrations of PPE at 25°C is shown in Figure (1). The
Figure revealed that the weight loss increased with
increasing the period of immersion, but in presence of PPE
the weight loss was lower than that obtained in the free FW
solution. The linear relations obtained between weight loss
and time indicated the absence of insoluble surface film
during corrosion. In addition, the inhibitors were first
adsorbed onto the metal surface and, therefore, impede the
corrosion process [11].

4.1.3. Chemical Kkinetics of corrosion inhibition

The kinetics of the system may be proposed after converting
the unit of concentration of the corroding CS from mg/cm? to
g/L, followed by changing to molar concentrations.
Assuming a (mol/L) is the initial concentration of the CS and
x (mol/L) is the final concentration of CS had decomposed
into corrosion products after time (t) in hours. Therefore, the
corrodent concentration of CS at time t is (a—x) mol/L. The
presented finding demonstrated that a plot of log(a-x) or
log[CS] on Y-axis against time on abscissa gives straight
line graphs with regression coefficient (R?) values are almost
equal to unity, confirming a first order kinetics (Figure 2),
using the following rate equation [12]:

2.303

—log[corrodent] =

)

Where K, is the first order rate constant. Also, the half-life of
a first order reaction is related to the rate constant according
to equation (6):
0.693
los = K, (6)
Values of the rate constants and half- life calculated from the
slopes of the kinetic plots are recorded in Table (4).
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Figure 2: Chemical kinetic plot for the corrosion of CS in
absence and presence of different concentrations of PPE
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Table 4: Chemical kinetic parameters for the corrosion of
CS in formation water in absence and presence of different
concentrations of PPE

Conc. K tos

Extract %(viv) pt h R?
Blank 0.0 1.152E-06 6.02E+05 0.9149
0.5 1.152E-07 6.02E+06 0.8924
1.0 1.612E-07 4.30E+06 0.9552
PPE 15 1.612E-07 4.30E+06 0.9921
2.0 6.909E-08 1.00E+07 0.9308
25 1.152E-08 6.02E+07 0.8024

The results revealed that the rate constant (K) of CS in the
presence of the PPE less than the rate constant of the blank
solution, while the half-lives of CS in the presence of the
PPE were higher than the half-life obtained for the blank
solution, indicating that PPE increased the half-life of CS in
FW.

4.14. Adsorption isotherm and
adsorption parameters

Adsorption of PPE molecules on carbon steel surface by
Langmuir adsorption isotherm is given by the following
Equation:

thermodynamic

o=kt O

Where 0 is the surface coverage in Table (3), C is the
concentration of extract in (ppm), and K4 is the adsorption

equilibrium constant. Figure (3) shows the plot of C/G asa

function of €, which is a straight line with R? almost equal to
1. It confirms the adsorption activity of extract on the CS
surface, which indicates that the active sites at the
steel/electrolyte interface are occupied by active compounds
of the extract [13]. It can be expressed that the molecules of
PPE are adsorbed in a single-layer on the surface and there is
no interaction with adjacent molecules.[14] Now the K4
can be correlated with the standard free energy of adsorption
by Equation (8):

AG°,qs = —R X TIn(Cy, X Kugs) (8)

Where R is the gas constant, T is absolute temperature,
AG®,4 is the standard free energy of adsorption and C,, is
the concentration of water in the solution [13]. According to
the thermodynamic relations, the reaction is done when the
free energy is negative. Also, the released heat during the
process of the physical absorption is less than the chemical
absorption. In the present work, the negative values of
AG°,qs (Table 5) clearly indicated the spontaneous
adsorption of extracts on the CS surface and strong
interactions between inhibitor molecules and the metal
surface. In this study, the calculated values of AG®,4, Were
less than -20 KJ/mol, indicating that the adsorption
mechanism of PPE on CS in FW solution at 25°C was
physisorption [15].
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Figure 3: Langmuir adsorption isotherm for CS in FW
containing different concentrations of PPE at 25°C.

Table 5: Langmuir adsorption parameters of CS in FW

K a4 Slope AGY 46 R2
mol™* kJ/mol
3.04 1.2089 -12.492 0.9914

4.2. Open Circuit Potential Measurements (OCP)
The change of open circuit potential of the CS in FW with
time is depicted in Figure (4).Two notable features can be
distinguished in this figure. First, for free and inhibited
solutions, the electrode potentials shift with time to more
negative values at the moment of immersion. This behavior
suggests that before the steady-state condition is achieved,
the pre-immersion air-formed oxide film has to dissolve.
Such behavior indicates that the anodic processes are more
predominant over the cathodic ones; hence the rate of the
oxide film formation is less than that of dissolution. Second,
in the presence of the inhibitor solutions, the extract provides
more positive OCP than that of free formation water and the
steady-state potential of the electrode is moved to more
positive values by increasing concentration of the inhibitor.
Therefore, the inhibition effect of the extracts can be
attributed to the adsorption of active constituent of the
extracts on the surface, leading to formation of a protective
layer of the inhibitor on the electrode surface [16, 17].
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Figure 4: The variation of the open-circuit potential for CS
electrode in different concentrations of PPE

4.3. Characterization of Peel Extracts

IR spectrum of PPE is shown in Figure (5) The IR shows
strong absorption at 3412 cm™ for OH band stretching mode.
The absorption at 2924 cm™ is aromatic C-H band stretching
mode. The absorption at 1530 cm™ can be assigned to the
aromatic C=C stretching mode. The peaks at 1383 and 1161
cm indicate the presence of aryl OH. Finally, the absorption
at 990 cm™ shows the stretching mode of C-O. The aqueous
extract of PPE contains polyphenolic compound with an
antioxidation potential. Among these phonolics are
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chlorogenic acid, caffeic acid, p-coumaric acid, ferulic acid,
salicylic acid and vanillic acid [18].
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Figure 5: IR spectrum of PPE.

4.4. SEM and EDX examination

SEM micrographs of CS exposed to FW were recorded in
order to observe the changes that have occurred during the
corrosion process in the absence and presence of PPE
(Figures 6-8). Their corresponding EDX spectra show the
elements present on the sample surface either in the absence
or presence of PPE. Figure 6 reveals clear smooth scratches
from the emery paper in the image of abraded carbon steel.
Figure 7 shows that carbon steel exposed 1 month to free
formation water is seriously damaged and its surface is full
of roughness and cavities due to severe corrosion attack. The
corresponding EDX spectrum displays the peaks of Na. Si,
Ca, Mg, CI, S and O elements equivalent to the constituents
of saline formation water indicating accumulation of
corrosion products (salts and oxides) on the sample surface.
In contrast, in the presence of 2.5% PPE much less damages
are observed in the micrograph (Figure 8). The
corresponding EDX spectrum reveals a reduction in the
amount of corrosion products. Moreover, EDX spectra show
the appearance of (O) signals. The above features confirm
the anticorrosion behaviour of the PPE for CS in the FW
which is well agreeing with other electrochemical results.
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Figure 6: SEM- EDX of CS before treatment with formation
water
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phonolics are chlorogenic acid, caffeic acid, p-coumaric
acid, ferulic acid, salicylic acid and vanillic acid with the
structures illustrated in Figure (9). The high inhibition
efficiency shown by PPE can be attributed to the presence of
the phenolic compounds which adsorb on the steel surface
through the lone pairs of electrons on oxygen atoms forming
an isolating layer film [5]. The adsorption of PPE molecules
on CS surface is considered as a displacement reaction
involving the removal of H,O molecules from the metal
surface and adsorption of PPE molecules on CS surface [19].

fe

Inhibitor(sol) + nHZO(adS)
= Inhibitor,gsy + nH;O0(0n  (9)
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Figure 7: SEM- EDX of CS after immersion for 1 month to Chiorogenic acid Salicylic acld
free formation water
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Figure 9: Chemical structure of PPE components

* e 6-Conclusions
| |° 1-  The inhibition efficiency of CS in formation water
— increased with increases in concentration of the PPE.

(LT T T R T R B T R 2-  The inhibitory effect was performed via the adsorption

Figure 8: SEM- EDX micrograph for CS coupon in 2.5% of of compounds  present in the PPE onto the steel
PPE surface.
) ) 3- The adsorption of the PPE compounds follows the
Table 6: Elemental analy5|? gfp CE:S in absence and presence Langmuir adsorption isotherm and obeys first order
0 S .
| WO W WO kinetic equatl-on.
Element polished CS FW PPE 4- The adsorption of PPE molecules on CS surface
N - - - increases the value of activation energy of corrosion via
c - 1.95 . . S
0 . 24.19 29.94 the formation of a protective film on the CS surface and
Na - 1.95 - consequently, decreases the value of its dissolution rate
Mg - 1.08 - :
Si - 4.82 . in FW.
S - 0.65 3.81
cl - 0.38 1.22
Ca - 10.16 -
Fe 100 54.81 65.03
Total 100 100 100

5. Inhibition mechanism
The aqueous extract of PPE contains polyphenolic
compound with an antioxidation potential. Among these
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