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The corrosion inhibition of metals in seawater can be achieved by the
addition of inhibitors to the system that prevent corrosion from taking
place on the metal surface. The effect of ascorbic acid on carbone steel
corrosion in seawater were investigated by means of different
techniques: gravimetric method, electrochemical polarization and
electrochemical impedance spectroscopy and the scanning electron
microscopy (SEM). The results obtained show that the acid ascorbic
effectively inhibits the corrosion of steel X60. The optimal inhibitory
efficiency is obtained at a concentration of 0.05 g/L of the inhibitor, with
a maximum value of 77%. This inhibitor presents a mixed inhibition
character. SEM studies confirm the absence of the deterioration products
on the surface of the specimens.

INTRODUCTION

Corrosion is one of the major contributing
factors of engineering structural damage in aquatic
ecosystems, caused by chemical or electrochemical
interactions between metals and the marine
environment. The presence of microorganisms and
bacteria in chemical solvents increases corrosion~
for the majority of metallic items utilized in the
marine sector. The action of these may damage
their mechanical, physical, and chemical
properties.

* Corresponding author: n.sobhi@univ-soukahras.dz

Organisms that adhere themselves on the
surfaces of metallic structures. Microorganism
growth on metal particles may alter the
electrochemical response at the biofilm/metal
contact. This mechanism has the potential to either
suppress or accelerate corrosion.*® There are
numerous strategies available for avoiding metal
corrosion to avoid the dangers connected with
corrosion. For example, utilizing antirust solutions
and corrosion inhibitors to provide barrier
protection, galvanization, and cathodic protection,
coating the surfaces or by adding some materials
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such as inorganic or organic compounds to play as
corrosion inhibitors, and cathodic protection.®¢

Ascorbic acid is a typical monacid found in
animals and plants that are non-toxic, inexpensive,
and ecologically acceptable.t’*® Ascorbic acid is
made up of a five-membered lactone ring and four
hydroxyl groups, one of which is prone to
dissociation due to the conjugation effect.’® As a
result, the ascorbic acid molecule becomes heavy
and acidic, with a pK, of 4.25.2

However, because ascorbic acid is reductive, it
may diminish the substrate's self-corrosion
potential, hence minimizing corrosion to the
substrate.}”? In this regard, the current study
assessed the effectiveness of ascorbic acid in
inhibiting the corrosion of steel X60 in seawater.

EXPERIMENTAL

Material

APl 5L X60 pipeline steel with the following weight
percentage chemical composition was employed as a working
electrode: C 0.102 max, Mn 1.06 max, Si 0.34 min, P 0.018
max, S 0.17 max, Ni 0.18max, Nb 0.019 max, Ti 0.023 max.
As cylindrical, the specimens were cut from petroleum pipes.

Electrochemical studies were carried out on cylindrical
specimens having a diameter of 1 cm. These specimen’s
surfaces were physically polished with silicon carbide paper
ranging from 320 to 2000, cleaned with distilled water, and
degreased with acetone.

Medium.

Natural seawater is the corrosive solution

Inhibitor.

The inhibitory solution is obtained by directly powdering
ascorbic acid (AA) in seawater

Corrosion testing experiments

Following the initial mass of the total X60 coupons, mass
loss studies were performed. The samples were immersed
thoroughly. In this context, the uncontrolled seawater solution
is referred to as 'blank," whereas the corrosive solution with the
inhibitor is referred to as 'inhibited.' Coupons were taken out of
the test solutions.

The electrochemical impedance spectroscopy (EIS)
experiments, the open circuit potential (OCP) of the corroding
system was monitored for 1h to ensure a steady-state condition.
The EIS experimental parameters used were initial frequency =
100 KHz, final frequency = 10 mHz, amplitude signal = 10 mV
acquiring 10 points/decade at OCP.

The PDP studies were done out at a scan rate of 0.5 mV/s
from -250 mV to +250 mV vs. OCP. This low speed allows us
to perform tests under quasi-stationary conditions. All tests were
conducted out in a typical three-electrode cell with a platinum
counter electrode (CE) and a saturated calomel electrode (SCE)
as the reference electrode, utilizing a potentiostat/Galvanostat
with Nova 2.0 software. The Luggin capillary was placed near
the working electrode to reduce ohmic contribution (WE).

The examination was undertaken by using scanning
electron microscopy SEM to examine the electrode surface.

RESULTS AND DISCUSSION

Gravimetric method

Gravimetric analysis is one of the older ways of
measuring corrosion rate and inhibitory efficiency
when applying an inhibitor. Following that, the
mass of the coupons was measured, and the mass
loss was computed using the equation below
(mg / j-cm?):

Fil
Vearr = ?'n 1)
The value of the inhibitory efficiency is given

by the following equation:

E(%) = (%100 @

with, Veorr and Vinn reflect the corrosion rates in the
absence and presence of an inhibitor, respectively.
At room temperature (25 = 1 °C), the tests are
carried out in saltwater with varying doses of
inhibitor.

We prepare five samples of the steel item. Each
sample is 5x4 cm? in size and ready to be
immersed in a solution, as illustrated in Fig. 1.

Fig.1 — The test pieces after immersion

Variation of the inhibitory efficiency with
concentration

Experiments  were performed out at
varying concentrations of the inhibitor at a set time
(48 h). The acquired findings are presented in the
Table 1.

The results of Table 1 are shown in the
following figure.

The corrosion rate of steel in saltwater is
decreased with the addition of the inhibitor AA,
according to the data shown in Table 1. It is also the
most effective inhibitor, with inhibitory effectiveness
reached at a dosage of 0.05 g / L inhibitor.
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Table 1

Variation of the inhibitory efficiency of carbon steel the
concentration of Ascorbic Acid

[AA] (g-Lfl) Veorr (g'Cm*2 h) E (%)
0.00 8.368-10° -
0.03 3.311-10° 45.48
0.05 2.516-105 77.01
0.5 3.650:10°° 50.09
1 2.190-10° 74.16
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Fig. 2 — Evolution of inhibitory efficiency with a
concentration of AA in seawater.

Evolution of inhibitory efficiency with
immersion time

The following table summarizes the findings of
this study of the variation in ascorbic acid inhibitory
efficiency as a function of immersion duration at a
constant concentration of 0.05g/L. These findings
reveal that the inhibitory effect of AA improves
over time, peaking at 77 % after 48 hours and
subsequently decreasing somewnhat to 60 %.

Table 2
Inhibition efficiencies for corrosion of X60 steel in seawater
by the AA as a function of immersion time

Time (h) Am (g) Veorr (g-cm’z-h) E (%)
24 0.0047 8.368-10°° 59.61
48 0.0372 3.311-10° 77.01
72 0.0424 2.516-10° 74
96 0.082 3.650-10° 60.15
168 0.0424 2.190-10° 64.43

After 168 hours of immersion, inhibition
efficiency climbs to 65 %. This is explained by the
presence of a very persistent inhibitory coating on
the steel's surface.
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Fig. 3 — Evolution of the inhibitory efficiency of AA in the
function of immersion time in seawater.

Electrochemical techniques

Open circuit potential (OCP) curves
The variation of the open circuit potential (OCP)
versus time was observed in Fig. 4.
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Fig. 4 — Variation of OCP versus immersion time for the
systems with and without inhibitor.

It can be shown that the medium containing AA
displayed a consistent increase in potential, which
corresponded to a consistent decrease in the rate of
corrosion of metals within the same time period.
This increase is due to the formation of a
protective film on the surface of the steel.

The plot of this curve indicates that the corrosive
system progresses to larger positive values relative
to the potential of the inhibited system.

The potential stabilisation in the aggressive
medium may be due to the formation of hydroxide
or oxide corrosion products, which results in the
increase of potential being abundant.

Polarization analysis

The examination of the polarization curves in
Fig. 5.
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Fig. 5 — polarization curve of steel in seawater without and
with the addition of different concentrations of (AA).

The addition of the AA inhibitor allows the
corrosion potential to change to higher positive
values, reducing the anode partial currents on the
anode branches. Other than that, we are seeing a
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modest rise in current on the cathode branches.
This present rise is caused by the reduction
reaction.

Table 3 represents the electrochemical
characteristics retrieved from polarization curves

(Fig. 5). Show that the introduction of AA into the
corrosive media causes a shift in corrosion potential
toward more noble values as compared to the
unfettered medium, with the Ecor changing from —
0.71to -0.66 V vs. SCE.

Table 3

Polarization parameters for X60 steel in seawater with various concentrations of AA inhibitor

[AA] (g-LY) Ecorr (V Vs SCE) | icorr-1073 (MA-cm2) Ba (V-dec?) —Bc (V-dec?) IE (%)
0 -0.76 8.97 0.13 0.14 -
0.03 -0.58 4.34 0.10 0.07 51
0.05 -0.50 3.94 0.09 0.06 56
05 -0.62 5.70 0.11 0.11 36
1 —0.68 5.79 0.20 0.14 35

The slight change in Tafel slopes (Ba and fc), in
the absence and presence of the inhibitor, shows
that the proton reduction reaction is modified by the
addition of the corrosion inhibitor and proceeds by
a pure activation mechanism.?? The change in Tafel
slope indicates that AA is acting as a mixed
corrosion inhibitor. The icr Of the AA inhibited
corrosive media is much lower as compared to the
blank. The icor Value decreased from 8.97 A-cm2 in
the unprotected medium to 3.94 A.-cm= in the
system inhibited with 0.05 g. L™* AA. This equated
to corrosion inhibition of 56 %. Finally, the

findings produced by the gravimetric approach are
in good conformity.

Electrochemical Impedance Spectroscopy (EIS)

In the investigation of corrosion and adsorption
events, electrochemical impedance is a valuable
instrument.22* To complete the knowledge of the
corrosion and inhibition mechanisms of steel X60
in saltwater in the absence and presence of inhibitor
(AA), electrochemical impedance measurements at
the abandonment potential in the corrosive media
were performed.
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Fig. 6 — Electrochemical impedance diagram of X60 steel in seawater, in the absence and in the presence of AA at different
concentrations.

In the high-frequency regions, the resulting
diagrams (Fig. 6) reveal a single capacitive loop.

This suggests that a charge transfer process is in
charge of the corrosion reaction. The capacitive
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loop is not a perfect semicircle, which is owing to
the dispersion of the frequency of the interfacial
impedance.? which is caused by the heterogeneity
of the electrode surface. Roughness, contaminants,
dislocations, inhibitor adsorption, and the creation
of porous layers?®2” might cause this heterogeneity.
This style of figure is often understood to represent
a charge transfer process on a heterogeneous and
uneven surface.?®?° The size of the loop increases
clearly with the addition of inhibitor, particularly at
the 0.05 g-L! concentration. This reflects, over
again, a better inhibitory efficiency of this
concentration.

The electrochemical impedance spectra were
further investigated using an equivalent circuit. As
shown in Fig. 7, Rs signifies the solution resistance,
Ret the charge transfer resistance, and CPE the
constant phase element. The expression®® describes
the impedance function of CPE :

Zere=Yol ()™

where Yo is a proportional factor, w is the angular
frequency, j means the virtual root, and n can be
used as an index of the surface irregularity. When
n =0, -1, and 1, CPE represent resistor, inductor,
and pure capacitor, respectively. The double layer
capacity (Caq) was obtained by the following
formulas 3

Cai = Yo (0ma)™ ™ =Yo 27f (Zim - max)":

where omax Stands for the frequency at which the
imaginary impedance possesses the highest value.
Reto and Re stand for charge transfer resistance in
the absence and presence of ascorbic acid,
respectively. The values of the electrochemical
parameters and the inhibition efficiency E (%) for
different concentrations of AA obtained by
electrochemical impedance spectroscopy are given
in Table 4.

Table 4

ESI parameters of steel X60 in seawater without and with
differents concentrations of AA

AAI@L) | R(Q) Cac(MF.cm?) E(%)
0 21 12.0 -
0.03 80 7.85 34
0.05 87 6.72 75
0.5 50 7.92 57
1 34 8.75 27

We can find that the R values increases sharply
after adding AA. The corrosion inhibition
efficiency reaches the maximum value (75%) when
inhibitor concentration is 0.05¢/L. Indeed, as the
film formation is increased, the capacity of the
double layer decreases according to the expression
of the Helmholtz model:*2

Cd| = (80 S/d)-s

where: £°—and ¢ is the permittivity of the medium
and vacuum respectively; S — the active surface
area of the sample; d — the thickness of the film
formed on the surface.

This is the result of the formation of a protective
film on the surface of the metal® and can be related
to the adsorption of the inhibitor molecules to the
surface thus forming a protective film at the
interface.
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Fig. 7 — Model of the equivalent electrical circuit used in the
modeling of the interface metal/solution.

Characterization of the surface by electron
microscopy (SEM)

The SEM micrographs for the APISL X60
pipeline steel samples immersed in natural seawater
in the absence and presence of AA with
concentration equal to 0.05 g-L™* for 48 hours are
shown in Fig. 8.

The SEM images reveal that the surface is
strongly damaged in the absence of an inhibitor
(active corrosion). But in the presence of
inhibitor (AA), the micrograph reveals that there
is a decrease in the corrosion sites and pits over
the surface of the APISL X60 steel (Fig. 8d).
This is due to the formation of the adsorption
layer of inhibitor on the metal surface (Fig. 8e).
From these observations, we can say that the
inhibitor gives a good inhibition effect for the
mild steel and thus confirms the results obtained
from other techniques.
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Fig. 8 — SEM micrographs of X60 steel electrodes after 48 hours, (a, b, c) without AA and, (d, ) with AA at 0.05g/L.

CONCLUSION

In conclusion, it is clear that:

Ascorbic acid (AA) has a strong inhibitory
power from low concentrations.

The product tested, has been identified as a
mixed inhibitor and shows better efficacy for the
concentration of 0.05 g-L 2.

The inhibitory efficiency of AA in seawater
reaches a value of 77%.

The agreement between the impedance results
and those obtained by gravimetry is perfect.

Scanning Electron Microscope reveals the
formation of a dense protective layer in the
presence of inhibitor.
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