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Abstract: The effect of some Green Leafy Vegetables (GLV) extracts namely Petroselinum Crispum (Parsley),
Eruca Sativa (Arugula) and Anethum Graveolens (Dill) were investigated on inhibition of corrosion carbon
steel in 1 M HCl solution using potentiodynamic polarization and electrochemical impedance spectroscopy
(EIS) techniques. The inhibition efficiency increased as the concentration of the extract increases.
Potentiodynamic polarization and electrochemical impedance spectroscopy are in good agreement where the
maximum inhibition is around 92%. The results obtained showed that GLV extract inhibited the corrosion
process by a physical adsorption mechanism that followed the Langmuir adsorption isotherm model. The free
energy of adsorption ( G° ) was calculated revealed that the adsorption process is spontaneous and the GLVads

extracts act as a mixed-type inhibitor.
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INTRODUCTION MATERIALS AND METHODS

Due to good mechanical property of carbon steel, it
has been extensively used under different conditions in
chemical and allied industries in presence of alkaline, acid
and salt solutions. The corrosion of carbon steel
investigation is always an object of interest to scientists.
Chloride, sulphate and nitrate ions in aqueous media are
aggressive and accelerate corrosion [1]. To avoid that
used corrosion inhibitors. For the dangerous effects of
most synthetic corrosion inhibitors has been the
motivation to the use of natural inhibitors. The recent
trend is towards environmentally friendly inhibitors.
Several investigations have been reported using such
naturally occurring substances as corrosion inhibitors for
several metals in different media by several authors.
Various parts of the plants, Coffee Ground [2] Ruta
Graveolens [3] Murraya Koenigii [4] Watermelon Rind [5]
Oxandra Asbecki [6] Euphorbia Falcata [7] Osmanthus
Fragran leaves [8] Punica Plant [9] Henna [10] and Piper
Longum [11] were extracted and used as corrosion
inhibitors.

The aim of the present study is to investigate the
inhibition efficiencies of GLV extracts on carbon steel in
1 M HCl.

Specimen  Preparation:  Tests  were  performed on
carbon  steel  specimens   with   the  following
composition  (in  wt.  %)  C  0.1%,   Mn   1.23%, Si
0.265%, S 0.004%, P 0.011%, Cr 0.008%, Cu 0.024%, Sa
0.0016%,  Ni  0.0214%,  Ti  0.017%,  Al  0.035%, Nb
0.036%,  Ca  0.002%,  CEV  0.319%  and  Fe balance.
Carbon  steel  circular  strips  of  the same composition
with an  exposed  area of 1 cm were used. Before each2

test,  the  specimen  were  ground  with  800   and   1200
grit grinding papers, cleaned by distilled water and
acetone.

Preparation of Plant Extract: GLV dried in an electric
furnace for 10 – 20 min at 50°C then ground to powder.
GLV  dried  powder  (5 g) were  mixed  with 500 ml  of 1
M HCl  and  refluxed  at  50°C for 2 h. The extracts were
left to cool-down and were then filtered using Whatman
filter paper. The filtrate (35% (wt.%)) was then kept as the
stock solution. Working solutions of different
concentrations ranging from 20 to 60 % (v/v) were
prepared from the stock solutions by dilution with 1 M
HCl solution.
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Fourier Transform Infrared Spectroscopy(FT-IR): A KBr Scanning Electron Microscope (SEM): Scanning
pellet was made from the dried extracts and were microscopy was performed using a JSM-6380 LA model
characterized using FT-IR (Nicolet's auxiliary experiment scanning electron microscope with a high resolution of
module - AEM, Omnic software). 3.0nm and an accelerating voltage of 0.5 to 30 kV. for

Electrochemical Measurements: Electrochemical absence and presence of 50% of GLV extracts for 3 h at
measurements were carried out using ACM instruments room temperature.
model 1783. The electrochemical cell consisted of a
conventional three-electrode configuration with graphite RESULTS AND DISSCUSION
as the counter electrode and a saturated calomel electrode
(SCE) coupled with a Luggin-Haber capillary as the FTIR Results of GLV Extracts: The important IR
reference electrode. The tip of the Luggin capillary was
placed very close to the surface of the working electrode
in order to minimize the ohmic contribution.

The working electrode was cut from a carbon steel
rod with a cross-sectional area of one cm  and embedded2

in a Teflon holder. It was immersed in tests solutions in
which the mixtures included and did not include 20, 30, 40,
50, 60% of the inhibitor in 1 M HCl at 25°C and then the
open circuit potential was measured after 10 minutes to
attain a steady state.

Potentiodynamic  Polarization   Measurements: In
Potentiodynamic polarization studies, the polarization
curves performed with a scan rate of 0.2 mVs  in the1

potential range of ±250 mV proportional to the potential of
corrosion. All the potentials recorded with respect to the
SCE.

Then, corrosion current density (I ) is determinedcorr

from the intercept of extrapolated cathodic and anodic
Tafel slopes. The inhibition efficiency (  %) calculatedinh

using Eq. 1 [12]:

(1)

where I  and I  are referred to as the corrosioncorr corr(inh)

current density without and with inhibitor, respectively.

Electrochemical Impedance Spectroscopy: EIS
measurements performed at corrosion potentials, E , overcorr

a frequency range of 10 kHz to 10 MHz with an AC signal
amplitude perturbation of 10 mV peak to peak. The
inhibition efficiency ( %), calculated using Eq. 2:inh

(2)

where R  and R  referred to as the charge transferct ct (inh)

resistance without and with the addition of the inhibitor,
respectively.

carbon steel surface after immersion in 1 M HCl in the

absorption bands of inhibitors are in Fig. 1 and their
respective FT-IR peaks are in Table 1. These results
showed  that  the  inhibitors  containing  functional
groups with O and N atoms and other attached to
aromatic ring, which commonly gather in corrosion
inhibitors [13-14].

Potentiodynamic Polarization Curves: The
electrochemical parameters, anodic Tafel constant ( ),a

cathodic Tafel constant ( ), corrosion potential (E ),c corr

corrosion current density (I ) and the correspondingcorr

inhibition efficiencies for the corrosion of carbon steel in
1 M HCl solution without and with different
concentrations (20% –60%) of GLV at 25°C are illustrated
in Table 2. Moreover, Fig. 2 shows the anodic and
cathodic potentiodynamic polarization curves for the
previous tests. The results seem to show that the
cathodic and anodic current decreased with increasing
GLV extracts concentrations without any considerable
change in E  values. These suggest that the GLV act ascorr

mixed type inhibitor by getting adsorbed on anodic as
well as  cathodic  sites  on  the carbon steel surface.
These results also slowed both metallic dissolution and
hydrogen evolution, hence slowed down the corrosion
process [15]. It can be seen from the results, that  the B
inhibitor  was the best of all the inhibitors used in the
study (Table 2), the corrosion current density of  carbon
steel in  1  M HCl solution decreased from 16.68 mA/cm
to 1.19 mA/cm and the corrosion inhibition efficiency
increased to 92% in the presence of all concentrations of
the B inhibitor. Also, The lowest I  values were obtainedcorr

for the A and C inhibitors at different concentrations. The
decrease of I  indicates the tendency of the inhibitors tocorr

impede the dissolution reaction of the carbon steel. In
general, the increase in the inhibition efficiency could be
due to the increased coverage of the surface area of the
carbon steel by GLV molecules as it blocked the available
sites for reaction on the surface [16].
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Table 1: FT-IR peaks of GLV extracts
Inhibitors Peaks from FT-IR spectra Possible functional groups
(A) Petroselinum Crispum (Parsley) 403.20 C-C (aliphatic)

617.89 -C=C stretch
1068.10 P-O-C stretch
1247.46 O-SO -O2

1411.10 X-SO -X2

1614.22 C=N stretch
2927.20 C-H (aromatic)
3339.39 N-H stretch

(B) Eruca Sativa (Arugula) 403.55 C-C (aliphatic)
604.99 -C=C stretch
1065.91 P-O-C stretch
1247.01 O-SO -O2

1414.56 X-SO -X2

1623.94 C=N stretch
2923.70 C-H (aromatic)
3342.25 N-H stretch

(C) Anethum Graveolens (Dill) 410.82 C-C (aliphatic)
606.26 -C=C stretch
1056.64 P-O-C stretch
1407.95 X-SO -X2

1615.04 C=N stretch
2922.35 C-H (aromatic)
3348.16 N-H stretch
3730.07 N-C (aromatic)

Table 2: Electrochemical parameters for carbon steel in 1M HCl with and without 20, 30, 40, 50% and 60% of GLV extracts at 25°C
Inhibitors GLV Concentration (v/v)% E  (mV) I  (mA cm )  (mV)  (mV) C  (mm/year) %corr corr c a rate inh

2

Blank 0 -508.13 16.68 128.46 85.22 191.94 0
(A) Petroselinum Crispum (Parsley) 20% -486.68 2.81 148.40 55.90 32.31 83.15

30% -485.66 2.63 146.07 59.72 30.28 84.23
40% -489.69 2.45 160.73 63.64 28.20 85.31
50% -487.51 2.08 144.70 66.08 23.90 87.53
60% -477.82 1.51 143.53 68.45 17.40 90.95

(B) Eruca Sativa (Arugula) 20% -504.49 1.30 109.85 72.15 14.91 92.21
30% -500.92 1.27 111.50 75.81 14.59 92.39
40% -507.53 1.25 110.70 84.61 14.40 92.51
50% -504.74 1.22 110.96 81.01 14.06 92.69
60% -505.32 1.19 112.74 89.39 13.69 92.87

(C) Anethum Graveolens (Dill) 20% -490.92 2.20 137.69 73.68 25.28 86.81
30% -478.99 2.22 148.99 60.58 25.51 87.53
40% -482.34 1.96 144.15 69.85 22.61 88.25
50% -473.82 1.80 155.23 61.40 20.77 90.11
60% -467.64 1.53 154.38 69.39 17.67 92.03

Electrochemical Impedance Spectroscopy (EIS): Drawing surface [5, 6]. In other words, the adsorption of the
electrochemical impedance spectrum of the carbon steel products of  the  corrosion  on  the   electrode  surface
in the 1M HCl solution in the absence and presence of (for example, [FeOH]  and [FeoH] ) has probably caused
GLV extracts shows it’s Fig. 3. Given the Nyquist shape, the inductive behavior at low frequency [17].
it can be noted that the spectrum consists of one part of For impedance spectroscopy Electrochemical
a half circle with a diameter large curve and then be previous  inhibitors  and  given  the  results shown in
reflected in the form of a small straight line, which Table 2, it is noted that the dual-layer capacity C  and
happened  in  all  cases.  They  may  be  caused   by  the resistance to charge transfer R  increases in the presence
re-dissolution of the passivated surface at low of the inhibitor as it increases with the concentration of
frequencies or by adsorption of inhibitor on the electrode the  inhibitor,  this  means  that,  current  of   corrosion  I

ads ads

dl

ct

corr
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Fig. 1: FTIR spectra of GLV extracts
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Fig. 2: Potentiodynamic polarization curves for carbon steel in 1M HCl with and without 20, 30, 40, 50% and 60% of GLV
extracts at 25°C

decreased, consequently the corrosion rate decreased. inhibition efficiency increased with the increase in the
Comparing of these results with results obtained from the concentration of GLV (Tables 2 and 3), that the active
Potentiodynamic polarization, it is found that they are sites on the carbon steel surface were almost blocked
similar in  that  the  corrosion rate is less in inhibitor B. under such condition.
The formation of a protective layer on the metal surface
due to adsorption of inhibitor molecules caused the Adsorption Isotherm: In order to understand the
resistance increased in the charge transfer process at the inhibition mechanism and the manner in which inhibitor
electrode–electrolyte interface [7]. Following both the molecules act on metal surface, there is a need to use
Potentiodynamic polarization and EIS studies, the adsorption  isotherms  [7]. To get the isotherm, it is a must
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Fig. 3: Electrochemical impedance spectra for carbon steel in 1M HCl with and without 20, 30, 40, 50 and 60% of GLV
extract at 25°C

to obtain the coverage values, , as a function of inhibitor adsorption behavior of the plant extract on the surface of
concentration. It is possible to obtain on  from the EIS carbon steel. Langmuir adsorption isotherm can be
study as shown in Eq. 3 [18]: expressed according to Eq. 4 [19-21]:

(3) (4)

where R  and R  are the charge transfer resistancect ct(inh)

without and with inhibitor, respectively. The Langmuir where C  is the  inhibitor  concentration, K   is the
adsorption isotherm was the best one to describe the adsorption equilibrium constant.

inh ads
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Table 3: Impedance parameters for carbon steel in 1M HCl with and without 20, 30, 40, 50 and 60% of GLV extract at 25°C

Inhibitors GLV Concentration (v/v)% R  (ohm.cm ) R  (ohm.cm ) Cdl (µF.cm ) I  (µA.cm ) %s ct corr inh
2 2 2 2

Blank 0 3.51 79.53 580.5 328.90 0

(A) Petroselinum Crispum (Parsley) 20% 3.35 481.5 484.9 54.18 83.48

30% 302 494.9 446.5 52.71 83.85

40% 2.95 559.4 395.7 46.63 85.78

50% 2.84 612.9 334.5 42.56 87.02

60% 2.34 887.5 303.7 29.39 91.04

(B) Eruca Sativa (Arugula) 20% 1.32 1047 343.3 24.92 92.40

30% 1.06 1071 304.4 24.36 92.57

40% 1.10 1057 260.2 24.68 92.48

50% 1.07 1075 258.6 24.27 92.60

60% 0.71 1099 163.5 23.74 92.76

(C) Anethum Graveolens (Dill) 20% 3.86 606.3 389.9 43.03 86.88

30% 2.92 662.3 383.2 39.39 87.99

40% 2.62 678.1 368.4 38.47 88.27

50% 2.39 866.3 358.3 30.11 90.82

60% 1.95 1021 214.5 25.55 92.21

Table 4: Langmuir isotherms for the adsorption of GLV extracts on the carbon steel surface

Inhibitors GLV Slope Intercept R K - G°  (KJ/mol)2
ads ads

(A) Petroselinum Crispum (Parsley) 1.056 1×10 0.997 10000 32.774

(B) Eruca Sativa (Arugula) 1.077 5×10 1 200000 40.196

(C) Anethum Graveolens (Dill) 1.051 9×10 0.999 11111.11 33.035

Rearranging this Eq. 4 gives Eq. 5: stronger adsorption of GLV. Also, the values of free

(5) indicates  the  spontaneity  of  the  adsorption  process

The Langmuir adsorption isotherm showed the linear steel surface. The values of G°  are with the range from
relationship between C /  and C  for the CSP in 1 M -32.77 to -40.19 kJ/mol, that means the both physicalinh inh

HCl solutions  (Fig.  4), the slope and R  presented in adsorption and chemical adsorption (mixed adsorption)2

Table 4. The plot has good correlation coefficient and occurred for inhibitors A and C, while only chemical
linearity at different exposure period. The R  values are adsorption occurred for inhibitor B. The mode of2

very close to unity, indicating strong commitment to adsorption to the different chemical compounds in GLV
Langmuir adsorption isotherm. extracts [22].

From the Langmuir isotherms in Table 4, the degrees Generally, the values of G°  of less negative than
of linearity R  were also close to unity indicating that the -20 kJ/mol are suitable with electrostatic interaction2

GLV extracts were strongly adsorbed on the surface of the between charged inhibitor molecules and the metal
carbon steel. surface, this means that the adsorption process are

From the intercept of straight lines, K  values can be physically and that those more negative than -40 kJ/molads

obtained and related to the free energy of adsorption, included transfer from the inhibitor molecule to mild steel
G  by Eq. 6 [18]: surface or sharing of charge to form a coordinate bond,ads

G°  = – RTln (55.5K ) (6)ads ads

where R is the universal gas constant, T is the absolute electron microscope (SEM) used to study of the carbon
temperature and 55.5 is the molar heat of adsorption of steel surface after immersion in 1 M HCl solution in the
water. Table 7 shows that higher values of K  indicate absence  and presence  50%  GVL  extracts for 3 h at 25°C.ads

energy of adsorption, G° , are negative, whichads

and  the  stability  of the adsorbed layer on the carbon
ads

ads

which means that the adsorption process are chemically.

Scanning Electron Microscope (SEM): The scanning
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Fig. 4: Langmuir isotherms for the adsorption of GLV extracts on the carbon steel surface

As  shown in Fig. (5 - Blank) the carbon steel was that  the  protective inhibitor layer deposited on the
severely damaged with pitted areas and observed weak surface block the dissolution of iron from carbon steel.
films on some places in surface believed to be ferrous Inhibition  efficiency  depends  on the type of inhibitor
chloride,  which   indicates   the   dissolution   of  iron in and  this  explains  the  lower corrosion rate of carbon
acid solution. It is clear from Fig. (5 - A), (5 - B) and (5 - C) steel.
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Fig. 5: SEM photograph of carbon steel immersed in 1 M HCl without (Blank) and with 50% of inhibitors A, B and C for
3h at 25°C

CONCLOSION REVERENCES

The results obtained from the potentiodynamic 1. Fouda, A.S. and A. Hamdy, 2013. Aqueous extract of
polarization and EIS measurements demonstrated that propolis as corrosion inhibitor for carbon steel in
the GVL extracts acts as an effective inhibitor of aqueous solutions. African Journal of Pure and
carbon steel corrosion in 1 M HCl. Applied Chemistry, 7(10): 350-359.
Inhibition efficiency increases with the increase in 2. Torres, V., R. Amado, C. De Sa, T.L. Fernandez, C. Da
the concentration of GVL. Silva Riehl, A. Torres and E. D’Elia, 2011. Inhibitory
The adsorption of GVL on the carbon steel surface action of aqueous coffee ground extracts on the
from 1 M HCl follows the Langmuir adsorption corrosion of carbon steel in HCl solution. Corrosion
isotherm. Science, 53(2011): 2385-2392.
The calculated values of G° revealed that the 3. Majeed, M., A. Sultan and H. Al-Sahlanee, 2013.ads

adsorption process are spontaneous and the Corrosion inhibition of carbon steel in 1 M HCl
inhibitor molecules were adsorbed on the metal solution by Ruta graveolens extract. Journal of
surface through mixed adsorption (physical and Chemical and Pharmaceutical Res., 5(12): 1297-1306.
chemical adsorption). 4. Sharmila, A., A. Prema and P. Sahayaraj, 2010.
The results of the SEM study showed that the Influence of Murrayakoenigii (curry leaves) extract on
corrosion of carbon steel in 1M HCl inhibited by GVL the corrosion inhibition of carbon steel in HCL
extracts. solution. Journal of Chemistry, 3(1): 74-81.
Consequently, all the results showed that the GVL 5. Odewunmi, N., S. Umoren and Z. Gasem, 2015.
extracts can act as an inhibitor against the corrosion Utilization of watermelon rind extract as a green
of carbon steel in the HCl medium. corrosion inhibitor for mild steel in acidic media,

ACKNWLEDGMENT Industrial and Engineering Chemistry, 21: 239-247.

The researchers would like to thank the Deanship of Corrosion inhibition of C38 steel in 1 M hydrochloric
Scientific Research at Princess Nourah bint Abdulrahman acid medium by alkaloids extract from Oxandra
University for providing the funding for this study under asbecki plant, Corrosion Science. Corrosion Science,
project number /39846. 53: 687-695.

Journal of Industrial and Engineering Chemistry. J.

6. Lebrini, M., F. Robert, A. Lecante and C. Roos, 2011.



World Appl. Sci. J., 33 (10): 1659-1666, 2015

1668

7. Roy, P., P. Karfa, U. Adhikari and D. Sukul, 2014. 15. Lahhit, N., A. Bouyanzer, J. Desjobert, B. Hammouti,
Corrosion inhibition of mild steel in acidic medium by R. Salghi, J. Costa, C. Jama, F. Bentiss and L. Majidi,
polyacrylamide grafted Guar gum with various 2011. Fennel (Foeniculum Vulgare) Essential Oil as
grafting percentage: Effect of intramolecular Green Corrosion Inhibitor of Carbon Steel in
synergism. Corrosion Science, 88: 246-253. Hydrochloric Acid Solution. Portugaliae

8. Li, L., X. Zhang, J. Lei, J. He, S. Zhang and F. Pan, Electrochemica Acta, 29: 127-138.
2012. Adsorption and corrosion inhibition of 16. Fouda, A., G. Elewady, K. Shalabi and S. Habouba,
Osmanthusfragran leaves extract on carbon steel. 2014. Tobacco Plant Extracts as Save corrosion
Corrosion Science, 63: 82-90. Inhibitor for Carbon Steel in Hydrochloric Acid

9. Fouda, A., S. Etaiw and W. Elnggar, 2014. Punica Solutions. International Journal of Advanced
Plant extract as Green Corrosion inhibitor for C-steel Reasearch, 2(3): 817-832.
in Hydrochloric Acid Solutions. International Journal 17. Labjar, N., M. Lebrini, F. Bentiss, N. Chihib, S. Hajjaji
of Electrochemical Science, 9: 4866-4883. and C. Jama, 2010. Corrosion inhibition of carbon

10. Zarrok,  H.,  A.  Zarrouk,   R.   Salghi,   M.  Assouag, steel and antibacterial properties of aminotris-
B. Hammouti, H. Oudda, S. Boukhris, S. Al Deyab and (methylenephosphonic) acid. Materials Chemistry
I. Warad, 2013. Inhibitive properties and and Physics, 119: 330-336.
Thermodynamic characterization of quinoxaline 18. Negm, N., M. Zaki, M. Said and S. Morsy, 2011.
derivative on carbon steel corrosion in acidic Inhibitory action of biodegradable modified vanillin
medium. Der Pharmacia Lettre, 5: 43-53. on the corrosion of carbon steel in 1 M HCl.

11. Singh, A., V. Singh and M. Quraishi, 2013. Inhibition Corrosion Science, 53: 4233-4240.
of Mild Steel Corrosion in HCl Solution Using Pipali 19. El Bribri, A., M. Tabyaoui, B. Tabyaoui, H. El Attari
(Piper longum) Fruit Extract. Arabian Journal for and F. Bentiss, 2013. , The use of Euphorbia falcata
Science and Engineering, 38: 85-97. extract as eco-friendly corrosion inhibitor of carbon

12. Wan Nik, W., M. Zulkifli, R. Rosliza, M. Ghazali and steel in hydrochloric acid solution. Materials
K. Khaled, 2011. Potential of honey as Corrosion Chemistry and Physics, 141: 240-247.
Inhibitor for Aluminium alloy in Seawater. World 20. Lecante,   A.,    F.    Robert,   P.A.   Blandinieres  and
Applied Sciences Journal, 14(2): 215-220. C. Roos, 2011. Anti-corrosive properties of S.

13. Lebrini, M., F. Robert and C. Roos, 2010. Inhibition tinctoria and G. ouregou alkaloid extracts on low
effect of alkaloids extract from Annona squamosa carbon steel. Current Applied Physics, 11: 714-724. 
plant on the corrosion of C38 steel in normal 21. Golestani, G., M. Shahidi and D. Ghazanfari, 2014.
hydrochloric acid medium. International Journal of Electrochemical evaluation of antibacterial drugs as
Electrochemical Science, 5(11): 1698-1721. environment-friendly inhibitors for corrosion of

14. Srajeswari,    V.,     D.  Kesavan,     M.   Gopiraman, carbon steel in HCl solution. Applied Surface
P. Viswanathamurthi, K. Poonkuzhali and T. Science, 308: 347-362.
Palvannan, 2014. Corrosion inhibition of Eleusine 22. Hamdy, A. and N. El-Gendy, 2013. Thermodynamic,
aegyptiaca and Croton rottleri leaf extracts on cast adsorption and electrochemical studies for corrosion
iron surface in 1 M HCl medium. Applied Surface inhibition of carbon steel by henna extract in acid
Science, 314: 537-545. medium Egyptian Journal of Petroleum, 22: 17-25.


