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Corrosion inhibition effect of a natural plant product, tangerine peel extract or TPE, on J55 steel in
CO,-saturated 3.5 wt. % NaCl solution was investigated. The results show that TPE is a good mixed
type green inhibitor in the test solution. Inhibition efficiency was found to increase with the increase of
the inhibitor concentration while decrease as the temperature increases. Adsorption behavior study of
the TPE on J55 steel shows that it is a spontaneous physical process where a monolayer was eventually
formed on the steel surface. The adsorption characteristics are also demonstrated and found to meet
with the Langmuir isothermal absorption model and the EI-Awady dynamic model.
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1. INTRODUCTION

Carbon dioxide (CO,) was one of the main corrosion medium in the oil and gas field. In typical
wet conditions, CO, can produce carbonic acid reaction, leading to the corrosion of steel. Previous
studies showed [1-3] that under the same pH as in HCI solution, the steel corrosion is even more
serious in H,COgs solution. Because of abundant resources and low prices, carbon steel had become the
most commonly used engineering materials. However, poor corrosion resistance makes the carbon
steel corrosion an urgent issue to solve. In order to reduce losses caused by corrosion, many
researchers have tried a number of anti-corrosion approaches, such as reasonable anti-corrosion design,
electrochemical protection, corrosion resistant materials, addition of inhibitor in the corrosive medium,
etc. Among these approaches, inhibitor is a commonly used anti-corrosion material thanks to its
simplicity in equipment and use, low cost, effectiveness as well as wide sources. Therefore, inhibitor
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anti-corrosion technology has been widely used in oil and gas fields. Nevertheless, many chemical
synthetic inhibitors were poisonous, which are harmful to human body in production process or usage,
and can also cause serious environmental problems [4].

With the increase of awareness for environmental protection, green chemistry has gained more
and more attention. Because of abundant raw material, low cost, renewable resources and being
generally nontoxic, plant extracts have a great research prospects as corrosion inhibitors. So far, a few
plant extracts have been reported as corrosion inhibitors, such as Marigold flower [5], bamboo leave
[6], rice bran [7], licorice [8], Mansoa alliacea [9], Gingko biloba [10], Musa paradisica peel [11],
Lupine [12], etc. The plant extracts are mostly composed of aldehydes, amines, carboxylic acids and
heterocyclic compounds that have polar groups (consisting of N, O, S. etc.) with high
electronegativity, and have shown good inhibition in reported studies [13], leading to the growing
interest in the exploration of alternative environmentally friendly inhibitors with lower cost and better
effect.

Tangerine peel (TP), also known as orange peel, is Rutaceae citrus obtained from the dried
orange peel [14]. TP has a long history as medicinal and edible resource in China, with great
abundance in resources as well as wide planting area and high yields. TP can regulate gi-flowing for
strengthening spleen, removing fishy solution grease and crab poison. TP contains numerous natural
organic compounds, such as flavonoids, organic acids, pectin, dietary fiber, polysaccharides and trace
elements [15], which makes it structurally suitable as environment-friendly corrosion inhibitors.

Considering the fairly amount needed in effective protection, it is the importance of this paper
to investigate the inhibition effect of the TP extract, rich in productions locally, as another source of
green inhibitor for steel anti-corrosion. Electrochemical analysis were employed to investigate the
corrosion inhibition efficiency, using a J55 steel sample in CO,-saturated 3.5 wt. % NaCl solution. To
the best of our knowledge, TP as a corrosion inhibitor has not been reported.

2. EXPERIMENTAL

2.1 Preparation of the plant extract

TP was obtained from Sichuan province, China. First, 20 g of powdered TP was soaked in 200
mL of absolute ethyl alcohol for 48 h, followed by magnetic stirring for 2 h at 75 °C under refluxing.
After the solution was cool, vacuum filtration was carried out for three times using a circulating water
type vacuum pump. Excess ethanol was removed by rotary evaporation. The refluxed solution was
filtered and concentrated to 100 mL. This solution was used to study the corrosion inhibition
properties.

2.2 Characterization of TPE

FTIR was done on a Nicolet 6700 infrared spectrometer controlled by the Omnic software at
wavenumber ranges from 400 to 4000 cm™ using KBr disk as the sample holder. The characterization
was used to determine whether TPE is compositionally possible for use as a corrosion inhibitor.
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2.3 Electrochemical measurements

The composition (wt. %) of the J55 steel specimen is: C 0.24%, Si 0.22%, Mn 1.1%, P 0.103%,
S 0.004%, Cr 0.5%, Ni 0.28%, Mo 0.021%, Cu 0.019% and balance Fe. The size of the sample used
for electrochemical studies is 70 mm x 10 mm x 3 mm (LxWxH). The work surface of each specimen
steel sheet was sequentially subjected to polishing, degreasing with ethanol and acetone, and drying.
Finally the specimen was encapsulated with epoxy resin, leaving only an area of 1 cm? exposed as the
electrode (WE).

Electrochemical measurements were implemented with an AUTOLAB PGSTAT302N
electrochemical workstation, including the NOVAI.10.4 software for potentiodynamic polarization and
Electrochemical Impedance Spectroscopy (EIS) measurements. All of the electrochemical experiments
were conducted using a conventional three-electrode cell system, where the J55 steel was used as
working electrode (WE). A saturated calomel electrode and a platinum electrode were used as the
reference electrode (RE) and the counter electrode (CE), respectively. The WE was immersed in test
solution at open circuit potential (OCP) for 30 minutes before the electrochemical tests. The
polarization curves were obtained at a scan rate of 1 mV s * in the potential range of =300 mV to +300
mV. Electrochemical impedance spectroscopy (EIS) measurements were carried out under
potentiostatic conditions over a frequency range from 0.01 Hz to 100 kHz with an amplitude of 10 mV
on the AC signal.

2.4 Scanning electron microscopy (SEM) and energy dispersive spectroscopy (EDS)

Morphological changes on the sample surface can reflect the effect of corrosion and inhibition.
After electrochemical test, the J55 steel electrodes were naturally dried in ambient condition.
Micrographs of the J55 steel surface and those with and without the addition of inhibitor were recorded
using a ZEISS EVO MA15 SEM. The element content of steel surface was analyzed by EDS hyphened
with SEM.

2.5 Contact angle analysis (CAA)

The contact angle shows the infiltration degree of the solution to the steel sheet. A larger value
of the contact angle shows a greater inhibition effect of the material on steel corrosion. The specimens
were pretreatment by the test solution with and without TPE at different concentrations. The contact
angle analysis was performed on a JGW-360A instrument. Sample dimension is 30 mm x 10 mm x 2
mm.

2.6 Weight loss experiment

To study the effect of temperature on the inhibition efficiency of TPE, the weight loss
experiment was carried out by Hanging slices method. The test solution is a CO, saturated 3.5 wt. %
NaCl solution containing 1% v/v of TPE. The experiment temperature was set to 40 °C, 50 °C, 60 °C,
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70 °C and 80 °C. At each temperature, three parallel samples were analyzed. The corrosion time was
72 h. After the weight loss experiment, the corrosion morphology of the samples was observed by
stereo microscope.

3. RESULTS AND DISCUSSION

3.1 Characterization of TPE

The reflection FTIR spectrum of TPE is shown in Fig. 1. The strong absorption wide peaks at
3415 cm™ and 3297 cm™ are attributed to the overlap of the N-H, O-H and the unsaturated C-H
stretching vibration peak. The absorption peak at 1637 cm™and 1617 cm™ is due to overlap between
the C=C, C=0 stretching vibration peak and N-H vibration peak bend of amines or amides, aromatic.
The strong absorption peak at 1400 cm™ is attributable to overlap between C-H in-plane bend
stretching and O-H bending modes of carboxylic acid or alkenes. The peaks at 1255 cm™ and 1054 cm”
! are attributed to the bending vibration of C-N and C-O, respectively. The absorption peaks in the
range of 1600 cm™ to 1000 cm™ also can be classified as the stretching vibration of benzene rings or
miscellaneous aromatic ring skeletons.
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Figure 1. FTIR spectra of the TPE

The peaks below 1000 cm™ are the replaced fingerprint region of benzene rings or
miscellaneous aromatic rings [16]. From the above analysis, it can be inferred that TPE contains
nitrogen and oxygen atoms in functional groups (such as C=0, N-H, C=C O-H, C-O, C-N. etc.) and
aromatic ring to ensure its potential to act as a corrosion inhibitor [17-20], because these groups are
often considered to be the key components in corrosion protection. The reason is that N and O atoms in
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these polar groups are relatively more electronegative and have lone pair electrons to supply electrons
to the empty d orbitals of the Fe atoms on the sample surface, and to adsorb on the metal surface. In
addition, the material containing polar groups can be adsorbed on the metal surface by electrostatic
attraction. For TPE in this study, the double bond in compound can also facilitates the deposition of the
extract on the metal surface [21], which further improves the interaction hence the inhibition effect.

3.2 Electrochemical measurements analysis

3.2.1 Electrochemical impedance spectroscopy (EIS)

The Nyquist plots of J55 steel are shown in Fig. 2. The corrosion behavior of J55 steel in
different corrosion solution was investigated by EIS. It can be seen that the diameter of the Nyquist
plots increased after addition of TPE in the NaCl solution. The Nyquist plots contain one capacitive
loop in the high frequency (HF) zone and one inductive loop in the lower frequency (LF) zone. With
the increase of the TPE concentration, the diameter of the capacitance arc semicircle increases
gradually, which indicates that the charge transfer resistance increased and corrosion resistance raised,
leading to the gradual decrease of the corrosion rate of J55 steel. According to literature [22], the
presence of the inductive loop in LF zone indicates the dissolution of iron in anode. In other words,
even if molecular inhibitors of TPE are adsorbed on J55 steel, forming films, corrosion of the
specimen in solution cannot be completely prevented. It also can be seen from Fig. 2 that with the
addition of TPE, the change of the shape of impedance curve is very small, which indicates that the
addition of TPE has no effect on the corrosion mechanism of J55 steel in the solution.

With the ZsimpWin 3.10 software, the data of Nyquist plots are fitted using the equivalent
circuit, which is shown in Fig. 3, where R is the solution resistance and CPE is the film capacity, R is
the charge transfer resistance, L and Ry is the inductive reactance element. Inhibition efficiency (y %)
was evaluated using the following formula:

R, — R
n=—2t__d100% (D

ct(inh)

where Rt and Reyinn) (Q~cm2) are charge transfer resistance for J55 steel in the test solution without and
with TPE, respectively. The electrochemical impedance parameter and inhibition efficiency (y %) are
listed in Table 1.

With the increase of TPE concentration, both the charge transfer resistance R and the
inhibition efficiency of TPE are enhanced [23]. Based on the calculated results, TPE shows a greatest
inhibition efficiency of 82.1% for J55 steel in the test solution at a concentration of 4% v/v, which
clearly confirms its inhibition effect.
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Figure 2 Nyquist plots for J55 Steel in CO,-saturated 3.5 wt. % NaCl solution with different
concentration of TPE at 25 C
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Figure 3. The equivalent circuit used for fit the impedance data, record for J55 steel in CO,-saturated
3.5 wt. % NaCl solution in the presence of TPE

Table 1. EIS parameters for J55 steel in CO,-saturated 3.5 wt. % NaCl solution with different TPE
concentrations

Concentration R, 10°CPE Ret n L RL n
(% VIv) (Qcem?)  (F-em?) (Qemd) (H-cm?)  (Qem?) (%)
0 7.668 8.106 1505  0.6966  75.19 59.64 -
1 5.664 6.845 258.8  0.7440  65.68 1405  41.8
2 6.742 4.755 330.7 07971 9451 108.7 545
3 7.209 3.132 4739  0.8386  165.2 2746 68.2
4 8.193 2.685 8425  0.8951  552.8 2108 821

3.2.2 Polarization curves

The polarization curves for J55 steel at different concentration of TPE in CO,-saturated 3.5 wt.
% NaCl solution are shown in Fig. 4. By using the Tafel linear extrapolation method, the polarization
curves are fitted and some important parameters are obtained, including the anodic Tafel slope (ba),
cathode Tafel slope (bc), the corrosion current density (lcorr) and the corrosion potential (Ecor) that are
summarized in Table 2. The inhibition efficiency (7) is calculated as follow:
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where lcorr and leorr(inhy represents the corrosion current density value in solution without and with TPE,

respectively.
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Table 2. Polarization parameters and inhibition efficiency for J55 steel in CO,-saturated 3.5 wt. %
NaCl solution with different TPE concentrations

Concentration Ecorr lcorr ba be n%
(% VIv) (mV) (pA-cm?)  (mV-decade™  (mV-decade™)
0 -751 45.88 66 509 -
1 =747 25.41 72 313 44.6
2 -729 20.60 65 487 55.1
3 -748 12.47 121 345 70.6
4 -724 7.66 103 359 83.3
041 o 3.5% NaCl
1 3.5% NaCl +1% TPE
-0.5 3.5% NaCl +2% TPE
: 3.5% NaCl +3% TPE
-0.6 H 3.5% NaCl +4% TPE
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Figure 4. Polarization curves of J55 steel in CO,-saturated 3.5 wt. % NaCl solution with different TPE

concentrations at 25°C

It is clear from Table 2 that the corrosion current density (l¢orr) 0f J55 steel decreases obviously
after the addition of corrosion inhibitor, and the corrosion potential (Ecorr) 0f J55 steel moves slightly
to the anode. Generally, a corrosion inhibitor can be defined as anodic or cathodic type if the shift of
corrosion potential is more than 85 mV [24-25] after adding corrosion inhibitor. With the addition of
the inhibitor, the change of E.,r, about 4-27 mV, is less than 85 mV, which suggests that TPE acts as a
mixed-type inhibitor where the anode inhibition is primary. Along with the increase of TPE
concentration, the inhibition efficiency (7) is raised. The maximum inhibition efficiency exhibited by
TPE for J55 steel corrosion in test solution was 83.3%, which agrees well with the result of the EIS

test.
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In order to further clarify the type of TPE inhibitor, the anode reaction coefficient (f,) and the
cathode reaction coefficient (f;) of TPE on J55 steel, shown in Table 3, are calculated based on the
parameters from Table 2 using formula (3) and (4) [26]:

[ E..—E..q

fa — corr (inh) eXp( corr b corr(lnh)) (3)
I E..im—E

fc — C(I)rr(lnh) exp( corr(lnrg corr) (4)

corr C

where Ecorr and Ecorrinny Stands for the corrosion potential without and with inhibitor, whereas lIcorr and
lcorr(inhy represents the corresponding corrosion current density, respectively.

Singh et al. [27] reported that the inhibitor would have a certain inhibitory effect on the
electrode reaction if the reaction coefficient is less than 1. For the same inhibitor, the smaller the value
of reaction coefficient is better the inhibition effect of inhibitor on the electrode. As can be seen from
Table 3, the anode reaction coefficient f, and the cathode reaction coefficient f. are both smaller than 1.
Along with the increment of the concentration of TPE, the gradual decrease of f, and f; indicates that
the inhibitory effect of TPE on the anode and cathode reaction was gradually enhanced with the
increase of TPE content. The ratio of f,/f.is slightly smaller than 1, which suggests that the inhibitory
effect of the TPE on the anodic reaction is a little better, and the TPE can be considered to act as a
mixed-type inhibitor. This result is in agreement with the fact that the corrosion potential shift of J55
steel obtained by polarization curve is less than 85 mv.

Table 3. Reaction coefficient of TPE on J55 steel in CO,-saturated 3.5 wt. % NaCl solution with
different TPE concentration at 25°C

Concentration fa fe fu/fe
(% viv)
1 0.5239 0.5309 0.9808
2 0.4129 0.4169 0.9904
3 0.2651 0.2702 0.9811
4 0.1285 0.1299 0.9892

3.3 Surface analysis

3.3.1 Scanning electron micrographs (SEM)

Figure 5 illustrates the surface corrosion morphologies of J55 steel specimen without and with
4% vl/v of TPE after electrochemical test. It can be seen that the surface of the steel sample exposed in
the corrosion solution without inhibitor (Fig 5a) is very rough and the corrosion product is thick.
However, the surface of the steel sample exposed in the corrosion solution with inhibitor becomes
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smoother, with only a small amount of corrosion products attached to the surface, which indicates that
the TPE inhibitor molecules are adsorbed on the surface of J55 steel, slowing down the corrosion of
J55 steel in the CO,-saturated NaCl solution. This result is also consistent with the conclusion from the
electrochemical experiments.

20pm EHT = 2000 KV Signal A = SE1 Date :3 May 2016 s 20pm EHT =20.00 kv Signal A= SE1 Date -3 May 2016 —
WD =11.0mm Mag= 500X Time B:57:05 WD =11.0 mm Mag= 500X Time :9:26:16

Figure 5. SEM micrographs of J55 steel in CO,-saturated 3.5 wt. % NaCl solutions, (a) without, and
(b) with 4% v/v TPE inhibitor

3.3.2 Energy disperse spectroscopy (EDS)

The EDS of the surface of J55 steel specimen without and with 4% v/v of TPE are shown in
Fig. 6, and the corresponding element contents are summarized in Table 4. It is seen that without TPE,
the content of Fe is lower, whereas the content of C and O is higher. Element CI also exists on the J55
steel surface, which indicates that the corrosion occurs on J55 steel because of the CI"in corrosion
solution and CO, dissolved in water. With the addition of 4% v/v TPE to the solution, the content of Fe
increases and that of C and O decreases, whereas element Cl disappears on the specimen surface,
which indicates that the TPE slows down the corrosion behavior of J55 steel. This result is consistent
with the result from the SEM where only little corrosion products were found for steel specimen with
TPE.

Table 4. Content of elements on J55 steel surface after electrochemical analysis

Concentration C 0] Cl Mn Fe Au
(% viv) (wt. %) (wt. %) (wt. %) (wt. %) (wt. %) (wt. %)
0 2.56 0.73 0.87 - 68.48 18.36

4 1.58 0.38 - 1.36 81.59 15.09
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Figure 6. EDS of J55 steel after electrochemical analysis in CO,-saturated 3.5 wt. % NaCl solution,
(a) without, and (b) with 4% v/v TPE inhibitor.

3.4 Contact angle (CA) analysis

Figure 7. Contact angle analysis between different test solutions and J55 steel surface. (a) 4% v/v
TPE: 81.55°, (b) 0% v/v TPE: 61.99°

Figure 7 presents the CA between the J55 steel surface and the CO,-saturated 3.5 wt. % NaCl
solution containing different concentration of TPE. The relationship between the TPE concentration
and the contact angle are shown in Fig. 8. With the increase of TPE concentration, the CA of J55 steel
increases gradually, which shows that the wettability between the corrosion solutions and the surface
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of sheet steel are gradually reduced. It is also believed that the contact area between the two interfaces
is gradually decreased, leading to reduce of the corrosion of J55 steel in the solution.
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Figure 8. Variation of contact angle of J55 steel surface to the 3.5% NaCl solution with different
inhibitor concentration

3.5 Weight loss experiment

Figure 9 shows the stereo microscope image of J55 steel after weight loss experiment under
different temperature.

Figure 9. Microscope image of J55 steel at (a) 80°C (b) 40°C in CO,-saturated 3.5 wt. % NaCl
solution containing 1 % v/v TPE

By using formula (5), the corrosion rate of the sample at the experimental temperature can be
calculated based on the average corrosion rate of the three parallel samples:

V:M (5)
St
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where V (g/m?-h) is the corrosion rate of steel sheet, W, (g) is the initial weight of steel sheet, W; (g) is
the weight of the steel sheet after removal of corrosion products, S (m?) is surface area of steel sheet
and t (h) is the duration time of corrosion. The inhibition efficiency (») is calculated as follow:
— Vo _Vinh (6)
VO

where Vq (g/m?®-h) and Vim (g/m?-h) stands for the corrosion rate of steel sheet without and with TPE,
respectively. The corrosion rate and the inhibition efficiency at different temperatures are listed in
Table 5.

Table 5. Corrosion rate of J55 steel and the inhibition efficiency of TPE at different temperatures

TC)  t) ¢ W% V (gmZhh) n (%)
0 3513 :

40°C 72 1 2142 39.0
0 5.699 i

50 °C 72 1 3.701 35.1
0 8.205 i

60 °C 72 1 5.558 32.9
0 12,013 i

n0°c 72 1 8.619 28.3
0 15.723 i

80°C 2 1 11.762 25.2

It is seen from Table 5 that with the increase of experimental temperature at the same TPE
concentration, the corrosion rate of J55 steel increases and the inhibition effect becomes weak. The
reason for this phenomenon may be that the elevated temperature is not conducive to the adsorption of
TPE molecules on J55 steel surface. The desorption rate of the inhibitor molecules is greater than their
adsorption rate, which results in the decrease of the number of the inhibitor molecules on the J55 steel
surface, and thus makes the corrosion rate of J55 steel accelerated and the inhibition effect for
corrosion decreased. In addition, this phenomenon indicates that the inhibition effect of TPE is largely
affected by the experimental temperature. Another reason may be that the raised temperature destructs
the effective inhibitor component of TPE, thereby reducing the effect of the corrosion inhibition.

3.6. Adsorption isotherm

The basic information about the interaction of inhibitor molecules on the metal surface can be
obtained by using the adsorption model. In order to obtain the adsorption model of corrosion inhibitor
on the metal surface, it is necessary to acquire the function between the surface coverage degree (6) of
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the inhibitor on the sample surface and the inhibitor concentration (c). Four types of relevant
adsorption model can be expressed by the following equations [28-29]:

%:LJFC (Langmuir isotherm) (7)
ads

e = K.g -C (TemKin isotherm) (8)

log & = logk, +nlogc (Freundlich isotherm) (9

%e‘zag =K, -C (Frumkin isotherm) (10)

where c is the inhibitor concentration, Kags is the equilibrium constant of adsorption and & denotes the
degree of surface coverage. In the present work, the adsorption behavior of TPE on J55 steel surface is
analyzed by using the impedance parameters obtained by the fitting of EIS, and the degree of surface

coverage (0) is calculated by the following equation [30]:

Rct(inh) -R

0= a (1D

Rct(inh)
where Retginny and Rt (Q~cm2) stands for the charge transfer resistance for J55 steel without and with
inhibitor, respectively. The calculated results are listed in Table 6.

Table 6. Degree of surface coverage (6) for J55 steel in CO,-saturated 3.5 wt. % NaCl solution with
different TPE concentrations

Concentration (% V/v) Ret (Q-cm®) 0
0 150.5 -
1 258.8 0.418
2 330.7 0.545
3 473.9 0.682
4 842.5 0.821

The Langmuir, Temkin, Freundlich and Frumkin isotherm are adopted to fit the experiment
data. The results show that only the Langmuir adsorption plot has a relatively higher linear correlation
coefficient [31]. The fitting graph is shown in Fig. 10.The best straight line is obtained with a linear
correlation coefficient of 0.99683, indicating that the adsorption behavior of TPE on the surface of J55
steel follows the Langmuir isotherm. The slopes is 0.98, which is very close to 1, suggesting that the
absorption of TPE on J55 steel samples is monolayer adsorption where there is no interaction among
the adsorbed inhibitor molecules, and the chance of each inhibitor molecule adsorbing at any position
on the J55 steel surface is almost equal to each other [32].
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Figure 10. Langmuir adsorption isotherm plots for EIS at different TPE concentrations
3.7 Adsorption thermodynamics

The calculated Gibbs free energy (AG? of the adsorption process can be used to analyze
whether the adsorption process of the inhibitor molecules on the sample surface is spontaneous or not.
The equilibrium constant (Kags = 0.51) of J55 steel at 25°C was obtained by using the Langmuir
isotherm. The Gibbs free energy can be calculated using the following equation [33]:

AG’

~ 2.303RT
where Cpz0 (1000 g/L) is the concentration of water, R (8.31 J/mol-K) is the molar gas constant, T (k)
denotes the thermodynamic temperature and K is the standard equilibrium constant. Based on equation
(12) and the value of Kags of J55 steel, the Gibbs free energy (AG?) of J55 steel is calculated to be -8.28
KJ/mol, which is less than zero, suggesting that the adsorption behavior of TPE molecules on the J55
steel surface is a spontaneous process. Generally, if the value of AG?is between -20 and 0, the
adsorption of inhibitor molecules on the sample surface would be physical adsorption, whereas if the
value of AG? is less than -40, the adsorption would be considered as chemical adsorption [34].
According to the value of AGY of J55 steel, the adsorption processes of TPE on the J55 steel surface is
considered to be spontaneous physical adsorption processes, and thus slows down the corrosion of J55
steel in the CO,-saturated 3.5 wt. % NaCl solution.

logk,4 =—10gC,, (12)

ads

3.8 Adsorption dynamics

EIS data are used to study the adsorption dynamics of corrosion inhibitor molecules on the
surface of J55 steel. Combined with the dynamics model proposed by El-Awady [35] et al., the fitted
result is shown in Fig. 11. The dynamic model adopted is as follows:

6 1
lg—— =ylgc+IgK (13)
g5 =ylgc+lg
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where @ is the degree of surface coverage, ¢ (% v/v) is the inhibitor concentration, K”is the equilibrium
constant and y is the number of inhibitor molecules adsorbed on an active site of the J55 steel surface.

0.64 R’=0.98654 y=0.82728
0.5
0.4

0.3 1

1g(6/(1-6))
S o o

.
S

.
to

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Ige

Figure 11. Curve fitting of TPE by ElI-Awady dynamic model

It can be seen that the linear correlation coefficient of J55 steel is 0.98654 and the slope (y)
value is 0.82728. The linear correlation coefficient is close to 1, indicating the adsorption of TPE on
the surface of the J55 steel conforms to the EI-Awady dynamic model. The adsorption morphology of
adsorbed molecules can be determined by the y value. If the y value is more than 1, a number of
inhibitor molecules would be adsorbed on an active spot of the steel surface, which is multi-molecular
adsorption. When the y value is less than 1, the number of inhibitor molecules adsorbed on an active
spot would be less than 1, corresponding to the monolayer adsorption [36]. The y value of J55 steel is
0.82728, suggesting that the absorption of TPE on J55 steel is a monolayer adsorption. This result is
consistent with what was concluded using the Langmuir isothermal adsorption model.

4. CONCLUSION

The corrosion inhibition effect of the tangerine peel extract on J55 steel in a CO,-saturated 3.5
wt. % NaCl solution was investigated by electrochemical, surface analysis and Potentiodynamic. FTIR
spectrum confirms that TPE is compositionally promising to be a steel corrosion inhibitor. EIS,
Polarization curves, SEM, EDS and contact angle analysis indicate that TPE acts as a mixed-type
inhibitor that slows down the corrosion rate of J55 steel in the CO,-saturated 3.5 wt. % NaCl solution.
The inhibition efficiency of TPE increases with the increase of the inhibitor concentration, while
somehow decreases when temperature increases. Particularly, when the inhibitor concentration is
merely 4% v/v, the inhibition efficiency of TPE can be as high as 82.1% (EIS) and 83.3% (Tafel). The
adsorption of TPE on J55 steel surface in the form of monolayer is a spontaneous physical process,
with characteristics that are fit to the Langmuir isothermal absorption model and the El-Awady
dynamic model. These findings support that TPE can act as a good inhibitor for J55 steel in the CO,-
saturated 3.5 wt. % NaCl solution. This study contributes to the demanding exploration of
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environmentally friendly inhibitor concerning steel pipe corrosion and provides alternative means of
material protection.
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