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Herein, we study the use of Conyza bonariensis extract as eco-friendly corrosion inhibitor for carbon
steel (CS) in 2 M HCI. This study was evaluated by weight loss (WL), electrochemical frequency
modulation (EFM), potentiodynamic polarization (PP), and electrochemical impedance spectroscopy
(EIS). The morphology of inhibited carbon steel was analyzed by scanning electron microscope (SEM),
energy-dispersive X-ray spectroscopy (EDX) and Atomic Force Microscopy (AFM). Results obtained
indicated that the inhibition efficiency was improved by increasing the concentration of C. bonariensis
and decreased by raising the temperature. PP curves showed the ability of C. bonariensis plant to serve
as a mixed-type inhibitor. Moreover, the EIS results confirmed that the adsorption of C. bonariensis on
CS surface by lowering the values of double layer capacitance (Cai) and increasing the values of charge
transfer resistance (Rct) with increasing of the concentration. All tests gave almost similar results.
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1. INTRODUCTION

The metals corrosion is one of the extremely important issues that need to study to understand
how to protect it from corrosion because of the resulting problems, as the economic losses because of
material degradation. Corrosion can be defined as a deterioration and degradation of metals and by
chemical and electrochemical reactions which affects all areas of the environment [1-2]. Carbon steel
(CS) can be considered as one of the most significant materials used for petroleum purposes, tanks,
pipelines, equipment of ships, and other industries because of its outstanding properties such as low cost,
easy to manufacture, and keep its properties at high temperature. Unfortunately, CS is recumbent to
corrosion when contact with acidic solutions that is why many studies are focusing on this issue [3-6].
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Inhibitors are the most practical materials methods which can be used for protection against
corrosion, practically in acidic media. Green inhibitor can be conceded as the best protection methods
due to its many advantages for examples: availability with low cost, renewable resources, and
environmental safety. Many studies were exercised on corrosion protection by nature products [7-10].
Many plant extracts have been successfully improved their activity on the degradation of CS within
acidic environments [11-20]. Conyza bonariensis (C. bonariensis) is one of the plant species belongs to
genus Conyza, family Asteraceae which has many pharmacological applications including treatment of
smallpox, sore throat, skin-related diseases, toothache, headache, rheumatism, and cystitis [21-23]. The
C. bonariensis extract was used as inhibitor because its price is low, and it does not affect the
environment. In this study, we investigate the inhibition activity of C. bonariensis extract on the CS
corrosion with 2 M HCI. The techniques used for the current study were WL and electrochemical tests.
The adsorption of C. bonariensis extract on the CS surface has been proved and characterized by Atomic
Force Microscopy (AFM) and Scanning Electron Microscope (SEM).

2. EXPERIMENTAL
2.1. Materials and Methods

2.1.1 Composition of CS Samples

The CS samples which used in the experiments are having the following composition: 0.15 %Cr,
0.52 %Si, 16.41 %C, 0.39 % Mn, 3.75 %Tb and Fe rest. The dimension of the specimens is 2 x 2 x 0.2
cm. Before starting measurements, the samples must be treated by various grades of emery papers then
washed them by double distilled water and dried.

2.1.2. Preparation of Corrosive Media

The destructive solution used in the study was 2 M HCI which prepared by diluted analytical
reagent grade HCI (37%) by double distilled water.

2.1.3. Preparation of Plant Extracts

After collection of C. bonariensis leaves, we dried them at room temperature and ground into a
fine powder by using an electrical mill. Take about two hundred grams (200 g) of this powder and soaked
into 800 ml of methanol, at a ratio of 1:4 (powder/solvent). Under vacuum the extract was isolated then
dried by rotary evaporator. The investigated extract was liquefied in ethanol (1 g/L) and stored into the
refrigerator.  Previous investigations of C. bonariensis have revealed glycosides, polyphenolic
compounds, flavonoids and sesquiterpenic lactones [24-25].
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2.2. Weight Loss (WL) Method

At first the CS specimens must be physically treated before starting the study by emery papers
of various grades which abraded to finish a mirror then washed by double distilled water and dried by
filter papers. Samples were weighted by electrical balance. The concentrations used of C. bonariensis
extract were varied from 10 to 100 ppm. The coupons were dipped into a solution of 100 ml of 2 M of
HCI in the absence and presence of various C. bonariensis extract concentrations for 180 min. The
immersion time is 30 min where, the samples were weighted again. The rates of corrosion (CR), the
surface coverage (0) and the inhibition efficacy (%IEwc) acquired from the WL method were counted
from the following equations. [26, 27]:

M
o =C§c CR (1)
— O] (2)
CR

where “M is the reduction in mass (mg), CR() and CR are the rates of corrosion with and without
extract, respectively, t is the immersion time (min), and A is the area of the surface (cm?)”.

2.3. Electrochemical Techniques

Three different electrodes are placed together in a glass cell for electrochemical measurements.
A reference electrode which is Ag/AgCls electrode, platinum wire is auxiliary electrode, and the
working electrode is made from CS with exterior area 10 mm?. The surface of working electrode must
be physically treated in the same approach as WL method [28]. Before starting a measurement, CS
electrode placed in the studied solution for 20 min to attain a steady state (OCP). For PP tests, the
applied potential was from -0.5 to + 0.5 V at (OCP) with scan rate 0.5 mVs™. The current of corrosion
icor was evaluated from the extrapolating of anodic and cathodic (Ba & Bc) Tafel slopes to obtain icorr, to
measure [E% of the inhibitor and (0) we used the following relation [29]:

%IEppp = [ 1 — 2] 5 100 (4)

lcorr(free)
Where “icorr (free) @Nd icorr (inhy are the current densities without and with inhibitors, respectively”.
The impedance tests (EIS) were done with frequency diversity of 100 kHz to 0.2 Hz peak-to-peak
amplitude of 10 mV at (OCP). The %IE is calculated from this formula [30]:

%lEg;s = [ 1 — ~2Urea) » 100 (5)

Ret(inhi)
wherever “Ret (free) and Ret (inh) are the resistances of charge transfer for absence and presence
of inhibitors” respectively.

2.4. Examination of the Surface by AFM, SEM

In the absence and presence of 100 ppm C. bonariensis extract, the CS sample under study was
immersed in a 2 M HCL solution. After 24 hours, the sample was taken out and allowed to air dry at
room temperature, and then the morphological surface of the CS samples was calculated by atomic force
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microscopy (AFM). Use Scanning Electron Microscope (SEM) and Energy Dispersive X-ray
Spectroscopy (EDX) to calculate the thin film formed on the CS surface with different wave numbers
ranging from 10 to 50 mm.

3. RESULTS AND DISCUSSION
3.1. Weight Loss (WL) Measurements

3.1.1. Effect of Concentration and Temperature

The corrosion rate (CR) of studied CS was determined before and after added different
concentrations of C. bonariensis extract by calculating the WL per area per unit time. The mass of CS
samples measured prior to and after immersion time for 180 min in the uninhibited and inhibited
corrosive solution by electrical balance. WL curves against time at 30 'C for CS in 2 M HCI before and
after adding various concentrations of C. bonariensis extract was shown in Fig.1. WL measurements
were done at various temperatures of 30, 35, 40 and 45 "C. The impact of temperature on the CR of CS
in the absence and presence of various concentrations of investigated extract was shown in Table 1.
From the data in this table, we noticed that the CR was diminished with raising the concentration of
investigated inhibitor, so, the %IE increases. This occurs by virtue of the adsorption of C. bonariensis
extract on the surface of CS and by raising the concentration of the C. bonariensis plant extract leads to
raising the surface coverage (0) of extract on the surface of CS and forming a layer of studied extract on
CS which protects it from destroyed [32,33]. By increasing the temperature, the CR decreases and the
%IE of the C. bonariensis plant extract increases as shown in Table 1 indicating that the adsorption of
plant extract is physisorption.

Table 1. Effect of various concentrations of C. bonariensis on CR and IE % of CS in 2 M HCl at various

temperatureS.
30.0°C 350°C 400°C 450°C

concentration, 5 - 2 2
Inh. ppm CRAO™ g | CRXI0% e | CRXI0T Hogp| CRXI0™ To0e

mgcm “min mgcm “min mgcm “min mgcm “min
2 M HCI 0.0150 | 00200 ~ 00230 | _ | o00260 | _
P 10 00069 | 531| 00100 | 488 | 00119 |443| 00149 |4l4
2 20 00060 |56.7| 00090 | 536 | 00110 |500| 00140 |46.0
5 20 00022 |852| 00033 | 824 | 00048 |71.7| 00083 |67.9
2 60 0.0020 |87.6| 00030 | 835 | 00040 |758| 00070 |726
O 80 0.0014 |90.7| 00029 | 844 | 00039 |828| 00054 |786
100 00010 |933| 00020 | 876 | 00030 |842| 00050 |80.1
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Figure 1. WL —time curves in the absence and presence various concentrations of C. bonariensis extract
at 30°C.

3.1.2. Adsorption Isotherms

Several isotherm models were evaluated to examine the interaction between C. bonariensis
extract and the CS surface. The Langmuir isotherm was the appropriate model to illustrate the adsorption
process. The expression of Langmuir model is [34]:

C/0 = 1/Kyys + C (6)

where “0 is the surface coverage, a is the parameter of molecular interaction, Kags IS equilibrium
constant of adsorption and C is concentration of inhibitor.” By plotting 6 with log C Fig. 2, straight lines
were acquired with intercept 2.303/a log Kags and slope of lines 2.303/a.

The Kags is associated with Gibbs free energy (-AG ags) by this equation [35-36]:

log Kugs = —log 55.5 — —oads_ (7)

2.303RT
where “R is the constant of universal gas, T is the absolute temperature, and the value of 55.5 is

equal to water concentration.”
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Figure 2. Langmuir’s adsorption isotherm of C. bonariensis on the CS of at different temperatures.

Table 2. Data of thermodynamic adsorption parameters of C. bonariensis extract on CS surface in 2 M
HCI at different temperatures.

- Temp. Kads. x10* —AG "ads
InthItOI’ K r*nOr1 kJ mor1
303 86.80 21.36
L 308 84.46 21.64

C. bonariensis
313 80.00 21.85
318 58.37 21.37

From the data of thermodynamic adsorption parameters found in Table 2, the following notes
can be concluded:
The negative sign of AG"ads Showed that the absorption of C. bonariensis extract on the surface of metal
[37] was spontaneous. The results of AG*ags are negative approximately -21 kJ mol™ which affiliated
with the physical absorption reaction resulting from Van der Waals attraction force [38-39].

3.1.3 Activation Parameters

The thermodynamic parameters of the excitation state of the destructive reaction were evaluated
from WL measurements at varied temperatures. The activation energies (E.") of corrosion process were

given from Arrhenius expression as follows [40]:

—E}
log keorr = (2.303RT) + log A (8)
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Where “Ea” is the energy of activation, A is the factor of Arrhenius pre-exponential and Keorr is
the CR” obtained from WL measurements. Fig.3. showed (log kcorr) versus (1/T) for C. bonariensis
extract and straight lines were acquired. The obtained data of E." was recorded in Table 3, with raising
the concentration of C. bonariensis extract, the E*; values increases which indicate the formation energy
barrier due to adsorption of the inhibitor molecules [41,42].
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Figure 3. 1/T versus kcorr for absence and presence of various concentrations of C. bonariensis extract.

The activation entropy AS” and activation enthalpy AH" were estimated by transition state
equation [43]:

logkcorr = log (%) + 2.§§3R + 2.3A0};RT )

Where “N is Avogadro's number, h is Planck's constant, AH" is enthalpy of activation and AS is
the activation entropy”. Fig.4 displayed (log keorr /T) against (1/T) for C. bonariensis extract. We can
determine the activation parameters from values of slope and intercept of straight lines. The obtained
values of activation parameters were recorded in Table 3. The positive sign of AH" indicates the
endothermic reaction of the degradation procedure of CS [44]. The negative values of AS” indicated that
the inhibitor molecule are presented in associated form (i.e., active complex [inhibitor-metal]) rather
than dissociated form in solution [45,46].
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Inhibitor Conc., Ea" AH" —AS”
ppm kJ mol™! kJ mol™! Jmol ! K™

2 M HCI 27.47 5.38 190.22

10 38.23 8.15 182.98

o 20 42.02 9.32 179.48

C. bonariensis 20 66.84 16.44 158.71

60 61.94 14.72 164.64

80 66.49 15.87 161.36

100 80.28 20.14 148.30

8

Table 3. Parameters for activation of CS in the absence and presence different concentrations of C.
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Figure 4. (1/T) against log (Keor/T) curves in absence and presence of various concentrations of C.
bonariensis extract.

3.2. Electrochemical Measurements

3.2.1. Potentiodynamic Polarization Measurements

Tafel polarization curves of CS in 2 M HCI media before and after treating with various
concentrations of C. bonariensis extract at 25°C was shown in Fig.5. The figure showed that the current
densities of anodic and cathodic branches decrease by adding different concentrations of C. bonariensis
extract indicating the anodic and cathodic reactions were inhibited by plant extract. The electrochemical
parameters Ecorr, fa & Pc, 0, IE % and icorr Were estimated and established in Table 4. The acquired data
showed that the current of corrosion (icorr) Was decreased by addition of present extract leading to
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decrease in the CR and increase of IE% owing to the establishment of protective adsorbed layer of the
plant extract. While the values of Ecorr Were not significantly changed, so the C. bonariensis extract
performed as mixed type of inhibitor indicating that the C. bonariensis extract hindered both H:
evolution process (cathodic reaction) and CS dissolution process (anodic reaction) [45]. Moreover, the
non-significant change of Ba and Pc revealing that the C. bonariensis extract does not modify the
mechanism of CS corrosion in 2 M HCI [46].

Table 4. Electrochemical parameter, icorr, Ecorr, Ba, Be, Keorr, 6 and IE % of CS in 2 M HCI for presence
and absence of various concentrations of C. bonariensis extract.

i conc., - Ecorr, Ba BC icorr, 0
Inhibitor ppm mV vs. SCE | mVdec! | mVdec! | pA m> O | %lEeor
2 M HCI 431 76 115 150 - -
10 441 106 120 56.9 | 0.621 62.1
20 442 109 123 48.4 | 0.677 67.7
40 445 108 127 384 | 0.744 74.4
C. bonariensis 60 442 123 121 301 [0.799| 79.9
80 445 134 129 159 |0.894 89.4
100 446 139 132 10.2 | 0.932 93.2
10°
A
10t
102
o 103
£
o
< 10*
= blank
— 10 ppm
10° —— 20 ppm
— 40 ppm
10-6 60 ppm
80 ppm
———100 ppm
10”7
-0.7 -0.6 -0.5 -04 -0.3 -0.2

E, Vvs. Ag/AgCI

Figure 5. PP plots for CS in the absence and presence of various concentrations of C. bonariensis at
25°C.
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3.2.2. Electrochemical Impedance (EIS) Measurements

The Nyquist and Bode plots of CS before and after adding various dosages of C. bonariensis
extract are cleared in Fig. 6-a and 6-b individually. Nyquist plot showed one discouraged capacitive
circle and Bode plot showed one stage point greatest which is credited to the presence of one time steady
in the corrosion interaction identified with the electrical twofold layer presence in metal— solution
interface [47].

The Fig. 6-a curves showed that there is gradual rise in the shape of each semicircle of the Nyquist
curves by raising the concentration of the present extract. The curves which resulted from Nyquist plots
are not completely semicircle these because of roughness and homogeneity of the electrode surface [47].

In Fig. 7, the equivalent circuit examined the EIS spectra for CS corrosion in 2 M HCI before
and after adding C. bonariensis extract included Rs (solution resistance), Rt (charge transfer resistance),
and CPE (constant phase element for a double layer). The following describes the impedance as a
function of CPE [48]:

Cai = Yo (@ma)™ (10)

Where, “omax denotes the angular frequency when the imaginary component of the impedance at
its maximum value, Yo is the magnitude of CPE, and n is a CPE exponent” relies on the character of the
metal surface.

The %IE was estimated by using this Eq. [49]:

OlEgg = ~eLimm=Ret o 100 (11)

Ret (inh)

Where “Ret is the resistance of charge transfer and Cq is the capacitance of double layer.” The
data of (IE %, 0, Rt and Caq) are listed in Table 5. These data may prove there is an increasing in (Rct)
by increasing C. bonariensis extract concentration demonstrates a rise in their protecting versus the
corrosion by reason of the construction of adsorbed protective layer [50]. While the (Cqi) decreased
owing to the exchange the water molecules by inhibitor molecules leading to an increase in the electrical
double layer thickness and decrease in dielectric constant as the concentrations of C. bonariensis extract
increased [51].
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Figure 6-a. Nyquist curves for CS in the absence and presence of various concentrations of C.
bonariensis extract.
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Figure 6-b. Bode curves for CS in 2 M HCI for absence and presence of various concentrations of C.
bonariensis extract.
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Figure 7. Equivalent circuit model

Table 5. Data obtained from EIS measurements for CS corrosion in the absence and presence of various
concentrations of C. bonariensis extract at 25°C.

Inhibitor Conc. Ret, Cul, ® %IEgis
ppm Q cm? uF cm?
2 M HCI 89.8 3352 - -

10 209.7 144.0 0572 57.2

o 20 278.3 1335 0677 67.7

C. bonariensis 40 402.8 1231 0.777 777

60 4504 93.8 0.801 80.1

80 7472 87.9 0.880 88.0

100 1198.0 525 0.925 925

3.3. The surface Examination

3.3.1. Atomic Force Microscopy (AFM)

The surface morphology of CS was examined by AFM technique when immersed in a media of
2 M HCI with and without 100 ppm of C. bonariensis extract and for pure CS sample after treatment by
physical methods as WL measurements. Fig 8-a showed the 3-D image for pure CS surface. Fig 8-b
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showed the 3-D image for CS surface in 2 M HCI for 24 hours. In this image, we can see that the surface
was more corroded and destroyed compared to smooth surface of pure CS. In case of added 100 ppm of
investigated extract, Fig 8-c showed the 3-D image for the CS surface was less destroyed and becomes
smoother than in case of CS in corrosive media. The average roughness of the polished CS, CS surface
in 2 M HCI before and after adding the present inhibitor was measured to be 17.47 nm, 1134.91 nm and
135.32 nm, alternatively. The three-dimensional images and other results demonstrate the adsorption of
the C. bonariensis extract on the surface of the CS.

Z-Axis - Scan forward Line fit

Une # 3 23m

Z-Axis - Scan forward _Line fit

8126m

e

Figure 8. AFM images for CS (a) for pure surface, (b) after one day immersion in 2 M HCI solution and
(c) presence of 100 ppm C. bonariensis extract.

3.3.2. Scanning Electron Microscopy Studies (SEM)

The photo of the carbon steel surface cleaned before immersion in the 2M HCl array is shown in
in Fig. 9. The photo shows that the surface is smooth and free of pitting Fig. 9a. The surface photo of
the carbon steel immersed in 2M HCI array is shown in Fig. 9b. The photo reveals that the surface is
firmly damaged and there is no C. bonariensis. The photo of the carbon steel surface after immersing in
the 2M HCI array containing 100 ppm C. bonariensis is shown in Fig. 9c. It was found that the faceting
observed in figures disappeared and the surface was free from pits, and it was smooth. It can be
concluded from Figllc that the corrosion is greatly reduced in the presence of C. bonariensis, thus when
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C. bonariensis is present in the medium, the corrosion is strongly inhibited. Figs. 10a—c EDX spectrum,
in the absence and presence of C. bonariensis. In the presence of C. bonariensis in Figures 10b and 10c,
the EDX spectrum shows the additional line characteristics of O and CI. In addition, the intensity of the
C, signal has been improved. The appearance of the ClI and O signals and this improvement in the C
signal are due to the atoms of Cl, C and O that form C. bonariensis. This indicates that the inhibitory
molecules have been adsorbed onto the metal surface. The data obtained from the spectra are listed in
Table 6. The spectrum also shows that the Fe peak is significantly suppressed in the presence of the
inhibitor due to the superimposed inhibitor film. These results support the results of electrochemical
measurements, indicating that the surface film inhibits the dissolution of metals, thereby delaying the
hydrogen evolution reaction. The EDX spectrum shows characteristic peaks (Fe, O, and Cl) attributed
to general corrosion in dilute hydrochloric acid.

SElI  30kV WD12mm  SS41 x1,500 O, L — SEI  30kV WD12mm SS55 x1,500 10pm  —
20 Jan 2021 20 Jan 2021

SElI  30kV WD12mm SS55 x1,500 10pm —
20 Jan 2021

Figure 9. SEM micrograph of the carbon steel surface (a) before immersion in 2M HCI, (b) after
immersion in 2M HCI for 24 hours and (c) after immersion in 2M HCI + 100 ppm for 24 hours
of C. bonariensis at 25 ° C.
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Figure 10. EDX spectrum of CS surface: (a) before immersion in 2 M HCI, (b) after immersion in 2 M

HCI for 24 hours and (c) after immersion in 2 M HCI + 100 ppm C. bonariensis at 25°C.

Table 6. Surface composition (wt %) of CS before and after immersion in 2 M HCI without and with
100 ppm of C. bonariensis at 25 °C.

(Mass %) Fe C o] Mn Cl Tb Si Cr
Pure 78.78 | 16.41 - 0.39 - 3.75 0.52 0.15
blank 35.28 8.63 50.54 0.20 3.37 1.64 0.26 0.08

C. bonariensis | 34.87 | 10.39 | 49.73 0.15 3.23 1.63 - -

3.4. Corrosion inhibition mechanism

The leaves of C. bonariensis plant mainly have alkaloids, terpenoids, phenolic acid derivatives,
iridoid glycosides, flavonoids, and fatty acids. These constituents contain hetero atoms like O and N
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which having lone pairs of electrons as well as benzene rings which having n-electrons. Causes a strong
affinity to reduce the dissolution of metal and inhibit the evolution of hydrogen. It is well known that
the surface of steel is positively charged in acid solution [47,50]. Therefore, the protonated components
of the extract of C. bonariensis in 2 M HCI are difficult to approach the steel surface. It is positively
charged due to electrostatic repulsion. The presence of chloride ions will generate an excess of negative
charges towards the solution and enhance the further adsorption of the protonation inhibitor through
electrostatic interaction with the negatively charged metal surface. This interaction mode is consistent
with the value of AG®ads, Where the adsorption of the C. bonariensis component is physical adsorption.

4. CONCLUSIONS

From the obtained results, we can conclude that:

Conyza bonariensis extract is considered as an effective green corrosion inhibitor (93.3% with
100 ppm) for the CS in 2 M HCI.

The WL method explained that if the concentration of C. bonariensis increased and the
temperature decreased, the inhibition efficiency would also increase.

The adsorption of C. bonariensis on the CS surface is physisorption according to the values of
AG ags.

PP curves showed the ability of C. bonariensis plant to serve as a mixed-type inhibitor.

EIS results confirmed the adsorption of C. bonariensis on CS surface by lowering the values of
Ca with increasing of the concentration.

Surface morphology analyses approved the adsorption of C. bonariensis on the CS surface in 2
M HCl.
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