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Abstract
Green corrosion inhibition on AISI 1018 carbon steel immersed in 0.5M H2SO4 by
Crataegus mexicana is develop using Electrochemical Impedance Spectroscopy (EIS),
Potentiodynamic Polarization Curves (PPC) and weight loss method. The metal surface
morphology was analysed by Scanning Electron Microscope (SEM). And the chemical
characterization of eco-friendly inhibitor is carried out by Fourier Transform Infrared
(FTIR). The EIS showed that the use of 500 ppm of methanol extract of C. mexicana
allow reaches 80% of corrosion inhibition efficiency (CIE). Through PPC of CIE
obtained was 75 % and C. mexicana acts a mix type inhibitor. The CIE obtained by
weight loss method was 95% for the eco-friendly inhibitor. The adsorption of C.
mexicana over metal surface obeys the Frumkin isotherm and according to the Gibbs
free energy the eco-friendly inhibitor acts by physisorption process. The FTIR shows
the characteristic signals of the functional groups present in flavonoids. The Lactuca
sativa seeds toxicity bioassay shown that C. mexicanais slightly toxic to the

bioindicator organism.

1. Introduction
Acid solutions are commonly used in industry where hydrochloric and sulfuric acids are the most used
to remove iron oxides that are formed in the steel [1]. Over time, the frequent use of these acid solutions may
cause deterioration in metallic materials. Nowadays, the industry and the academic sectors have been interested
in the use of inhibitors due to their adsorption onto the metal surface can reduce the corrosion rate, such
adsorption depends on the physical-chemical properties of the inhibitor molecules, the metal nature, the
aggressiveness of the corrosive medium, the temperature and the electrochemical potential in the metal-solution
interface [2]. By the other hand, the legislations and environmental policies enforce restrictions and the
installation of residual water treatment plants as a cause of toxic inhibitors, which cause an increment in costs
for industries [3]. Those circumstances motivate the increase in developing effective and low toxicity chemical
substances daily. Natural organic molecules such as caffeine [4], tryptamine and succinic acid [5] have been
reported as good inhibitors that are absorbed onto the metal surface decreasing the corrosion rate. The
mechanism of the inhibitor is attributed to the presence of polar functions with N and O atoms and π electrons
[6] into their chemical heterocyclic structures of these organic compounds.
Due to this fact the interest in developing green inhibitors was increased reporting a good corrosion
inhibition efficiency in the inhibitors obtained from plants in acid media [7]. Some corrosion inhibitors have
been reported: Equisetum arvense [8], Mentha pulegium [9], Thymus algeriensis [10], Thymus vulgaris [11],
Pancratium foetidum [12], Lavandula pedunculata [13], Rollinia occidentalis [14], Pithecollobium dulce [15],
and Allicine [16] from garlic [17].
The used of almond leaves extract as corrosion inhibitor on Aluminum immerse in 1 M HCl revealed
that 0.38 g L-1 of it given 97.9 % of corrosion inhibition efficiency [18]. Cherry sticks was explored as corrosion
inhibitor on mild steel in 1M of HCl, the results revealed that 0.5 g L-1 reach a 89.5 % of corrosion inhibition
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efficiency [19]. Equisetum arvense decreased the corrosion rate on A36 steel in 0.5 M sulfuric acid about two
orders of magnitude and increase the polarization resistance and a greater efficiency of inhibition by increasing
the concentration of extract [8].
Recently was studied the inhibitive effect of Crataegus oxyacantha (hawthorn) and Prunus avium
(sweet cherry) leave extracts on the corrosion of mild steel in hydrochloric acid solution. Both acted as mixed
type green inhibitors and adsorption took place through physisorption mechanism and the corrosion inhibition
efficiency was close to 60 % [20].Prunus persica leaves was studied as a green corrosion inhibitor of AISI 1018
carbon steel in 0.5 M H2SO4, the corrosion inhibition efficiency was around 97 % at 600 ppm of the extract and
was observed the inhibitor acts as mixed-type of green corrosion inhibitor [21].
The las plant species are members of Rosaceae family and they have relationship by phytochemistry, it
means share some biosynthesis pathways and formed related compounds. Crataegus mexicana (C. mexicana)
belongs to the Rosaceae family, more specific is a member of Amydgaloidaea subfamily into this big family;
and it is a beauty and high tree cultivated in Mexico and commonly known as tejocote (Figure 1), the name it
was derived from a Nahuatl word Texocotl which means “acid and hard fruit”. Mexico has 16 different tejocote
species and they are endemic to this country, it means these species exist only in Mexico. The tejocote’s fruits
are eatable and in traditional medicine are used to treat respiratory system illness, the leaves and the cortex are
used for digestive system and the roots are used as antidiabetic phytomedicine [22, 23]. Banderas-Tarabay et al.,
reported biological properties of interest and the antioxidant activity for C. mexicana, in which flavonoids can
be highlighted [24, 25].

!

Figure 1.Crataegus mexicana (tejocote as common name).

! Left: tree; Upper centre: leaves; lower centre: flowers; Right: Fruits
The tejocote’s fruit and leaves contain many chemical compounds as presented in the Figure 2,
flavonoids such as vitexina (1), quercetina (2) y rutina (3); oligomeric proanthocyanins, triterpene acids, organic
acids, sterols and amines such as phenylethylamine (4), tyramine (5), isobutylamine (6) and acetylcholine (7)
[26, 27]. These structures present N and O heteroatoms, as well the presence of π electrons (aromatic rings)
which may have a good interaction with the metal surface. However, just the quercetin has been proved
individually as corrosion inhibitor for Iron B500 in 1M of sulfuric acid through the electrochemical technique of
EIS and potentiodynamic polarization curves obtaining a maximum efficiency of 59% [28]. Due to those
antecedents the present research is about the study of C. mexicana as a corrosion inhibitor for AISI 1018 carbon
steel in acid media.

2. Material and Methods
2.1. Preparation AISI 1018 carbon steel electrodes
The studied metal for the electrochemical tests was AISI 1018 carbon steel whose composition of
weight percent is C 0.14-0.20%, Mn 0.60-0.90%, P < 0.040%, S < 0.050%, balance Fe. In order to obtain the
samples, a cylindrical bar of AISI-1018 was cut in small pieces sized 2 cm in height X 0.6 cm in diameter,
which were encapsulated in commercial epoxy resin joining the metal with a copper wire, which enables an
electric contact, leaving an exposure area of 0.36 cm2. Before every experiment, the metallic area was ground
uniformly with SiC papers from 320 to 600 grain grades, washed with distilled water and degreased with
acetone.
Rodríguez-Torres et al., J. Mater. Environ. Sci., 2019, 10 (2), pp. 101-112

102

!

Figure 2.Chemical structures of some compounds present in Crataegus mexicana.

2.2. Eco-friendly corrosion inhibitor
C. mexica leaves were recollected at down town Tres Marias (at the coordinates Lat -99.241 / Lng
19.054) located in the municipality of Huitzilac, in the State of Morelos State, Mexico. The leaves were dried at
room temperature (25 ºC + 2) for three weeks in a dark chamber with natural aeration. Afterwards, the leaves
were finely cut and exposed to a drying oven at 55 °C for 72 h. 500 g of dry leaves were macerated in a batch
reactor using 1 L of methanol (99 %) at 25 °C and the reactor was protected against ultraviolet light, covering it
with Aluminum fold and left at rest for 72 h. The obtained liquid mixture was filtered and the excess of solvent
was evaporated using a rotary evaporator, producing 6 g of methanol C. mexicana extract, different
concentrations of it in the ranged from 200 to 500 ppm were evaluated as eco-friendly corrosion inhibitor.
2.3. Electrolyte solution
The corrosive solution was made with sulfuric acid at 98% analytic grade and distilled water for
preparing an aggressive solution of 0.5 M of H2SO4, evaluating different concentrations of C. mexicana (200500 ppm).
2.4. Parameters of electrochemical tests
Electrochemical tests were carried out with a Potentiostat ACM instruments zero-resistance ammeter
(ZRA) coupled to a personal computer, using a conventional glass cell with three electrodes. A graphite rod as
counter electrode, a reference electrode Ag/Cl and a working electrode of AISI 1018 carbon steel. The
electrodes were immersed in the aggressive solution with and with no inhibitor, around 10 minutes until
reaching an open circuit potential stationary state (EOCP).
In order to determine the reproducibility each electrochemical experiment was done tree times. For the
electrochemical impedance spectroscopy, the tests were made using a frequency interval between 10 KHz to 0.5
Hz obtaining 100 points per decade with amplitude of input sine-wave of ± 10 mV. For the potentiodynamic
polarization curves a potential range used was between -300 to 400 mV around the corrosion potential and a
scanning rate of 60 mV min-1 were applied.
2.5. Surface morphology analysis
The study of the surface morphology for the AISI 1018 carbon steel immersed in sulfuric acid without
and with methanol extract of C. mexicana was carried out using a scanning electron microscope (SEM, Karl
Seizz DSM100).
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2.6. Chemical characterization of Eco-friendly corrosion inhibitor
The FT-IR analysis was realize using a Bruker IR spectrum model APLHA (Series TN: 301538)
coupled to a work station equipped with the software Opus version 7.5, which is able to do the Fourier
Transforms (FT) and then translate to an spectrogram. The sample was directly explored and measurement using
a wave number range between 4000 to 400 cm-1.
2.7. Toxicity test
Following the method proposed by Sobrero y Ronco [29], an evaluation of the phytotoxic effects of C.
mexicana methanol extract through an acute toxicity bioassay using Lactuca sativa germinated seeds and the
seedling growth. For such phytotoxic evaluation L. sativa seeds with pesticides free was used and obtained from
Rancho los Molinos, Morelos, Mexico. 100 seeds were collocated inside a Petri box on a filter paper previously
saturated with the different concentrations of the extract (200-500 ppm) with a positive control of 0.2M ZnSO4
and a negative control with mineral water. Petri boxes were collocated in a hermetic bag for humidity preserving
for 120 h with light absence and a constant temperature about (24 ± 2 °C). When the time was over, the
germinated seeds were taken out and the lengths of the radicle and hypocotyl at the different concentrations
were registered. All the tests were done three times to assure the reliability of the results.

3. Results and discussion
3.1. Potentiodynamic Polarization Curves
The performance of the C. mexicana as green corrosion inhibitor was evaluating on AISI 1018 carbon
steel in acid media at room temperature was evaluated through potentiodynamic polarization curves to
determine the mechanism and the kinetic in the anodic and cathodic reactions. The Figure 3 shows the
polarization curves at different concentrations of the inhibitor. From these curves, it is observed how the Tafel
anodic and cathodic slopes are affected in the presence of the inhibitor, reducing the rate of metal dissolution as
well as retarding the hydrogen evolution reaction. This behavior indicates that C. mexicana is a mixed type
inhibitor, cathodic prevailing [30]. The obtained parameters through polarization curves are shown in Table 1,
which include the current density (Icorr) determined through Tafel extrapolation, the corrosion potential (Ecorr),
the corrosion rate (Vcorr), the anodic (βa) and cathodic (βc) slopes and the extract inhibition percent (% EI),
which was calculated through the Equation 1.
When the inhibitor is added, the corrosion potential Ecorr is slightly displaced approximately 20 mV to
more negative values accordingly to the blank, thus C. mexicana could be classified as a mix type inhibitor,
which is preferentially absorbed in the metal cathodic zones [31].
%"# =
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(Eq. 1)
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5
Where #/011
,4is the current density without inhibitor and#/011
is the current density with inhibitor.

Table 1. Values of electrochemical parameters from polarization curves.
[G-Inh]*
(ppm)

βa
(mV)

βc
(mV)

0

64.95

120.63

1.59

18.45

-452.51

200

65.183

128.63

1.03

12.03

-473.63

35

300

54.15

124.76

0.93

10.83

-465.98

41

400

57.84

147.57

0.79

9.64

-465.14

50

500

54.16

149.65

0.4

5.3

-472.71

75

Icorr(mA/cm2) Vcorr(mm/year)

Ecorr
(mV)

% IE

*[G-Inh] Concentration of Green corrosion inhibitor

The current density decreased proportionally with the increase of the inhibitor concentration, indicating
that inhibitor molecules are been absorbed onto the metal surface, avoiding that the aggressive species from the
corrosive media reach the metal surface [32, 33]. This phenomenon causes that the corrosion rate decreases with
the presence of the inhibitor and inhibitor efficiency raises, confirming that the oxidation-reduction reactions are
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been affected due to the block of the active sites obtaining a maximum efficiency of 75% when the inhibitor is
present in 500 ppm.
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Figure 3. PPC of corrosion of AISI 1018 carbon steel in 0.5 M H2SO4 without and with Crataegus mexicana.

3.2. Electrochemical Impedance Spectroscopy
The effect of C. mexicana extract as corrosion inhibitor for the evaluation of AISI 1018 carbon steel in
acid media was also studied by the EIS technique. In the Figure 4 the Nyquist and Bode diagrams for the
different inhibitor concentrations together with the no inhibitor case are presented. From the Nyquist diagram, it
can be observed a depressed semicircle with the center in the real axis. The deviation of the ideal semicircle is
generally attributed to the frequency dispersion as well as the inhomogeneity of the metallic surface and to the
mass transfer resistance [34, 35]. At low frequency values it is observed an inductive ripple, attributed to the
interaction of two consecutive flows that constitute a two stage faradic process of adsorption in the prepassivation potential range [36]. Also, it can be seen when the concentration of the inhibitor increases, the
semicircle diameter increases indicating that the metal is protecting against corrosion.
Table 2. Values of electrochemical parameters from EIS of AISI 1018 carbon steel in 0.5 M H2SO4.

RL
Rct
(Ωcm2)
(Ωcm2)

[EF-Inh]*
(ppm)

Rs
(Ωcm2)

N

CPE
(µf cm-2)

IE%

0

2.9

48

30

0.87

6.889E-05

0

200

5.6

84

12

0.86

4.306E-05

43

300

3.8

101

10

0.86

3.164E-05

52

400

6.8

153

13

0.85

3.024E-05

69

500

11

240

15

0.88

1.704E-05

80

*[EF-Inh] Concentration of Eco-friendly corrosion inhibitor

In the Figure 5 the equivalent circuit used to model the EIS results is presented for the corrosion system
with and with no C. mexicana inhibitor. The Zview software was used to obtain the values shown in the Table 2:
solution resistance (Rs), charge transfer resistance (Rct), capacitance associated to a constant phase element (CPE)
used to substitute a double pure layer condenser and to model the deviation due an ideal capacitance. The ions
solution migration resistance (RL) is associated to the inductance (L) at low frequencies observed at all inhibitor
concentrations and the surface displacement (n), which is associated to non-ideal current distribution as a result
of surface’s roughness and other deficiencies [37]. The electrochemical double layer capacitance 678 was
calculated using the Equation 2.
678 = (2;<=>? @AB )*D
(Eq. 2)
Where <=>? is the frequency at the maximum value of the imaginary impedance.
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Figure 4. EIS of corrosion of AISI 1018 carbon steel in 0.5 M H2SO4without and with Crataegus mexicana
a) Nyquist diagram b) Bode diagram.
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Figure 5. Equivalent circuit used to model EIS values of corrosion of AISI 1018 carbon steel in 0.5 M H2SO4
without and with Crataegus mexicana.

Results indicate that the double layer capacitance decreases as the inhibitor concentration increases, at
the time that charge transfer resistance increases, as a result of the inhibitor adsorption onto the surface. The
inhibitor molecules create a protective layer on the metal that prevents the interaction of the aggressive media
with the metallic surface, therefore as the inhibitor concentration increases the thickness layer increases. This
behavior agrees with the mentioned previously in the corrosion inhibitor for carbon steel using caffeic acid [38]
and succinic acid [39]. The inhibitor efficiency reported in the Table 2 was calculated according to the Equation
3.
#"% =

)
´
1EF
*1EF
´
1EF

(Eq. 3)

2
´
Where @AB
and @AB
are the charge transfer resistances with and with no inhibitor respectively.

The corrosion inhibition efficiency increases directly with the inhibitor concentration increases,
obtaining a maximum efficiency of 80% when was using 500 ppm of methanol C. mexicana extract. In the
Figure 6 is observe the Nyquist diagrams from EIS for 500 ppm of Eco-friendly corrosion inhibitor at different
residence time, is possible to observe that the semicircle diameters increase with the resident time increases and
the charge transfer resistance also increases until 4h., reaching a maximum efficiency of 95%, which indicates
that inhibitor molecules are absorbed onto the metal surface forming a protective layer, after 4 hrs., the
protective layer becomes unstable, thus the charge transfer resistance begins to decrease[40].
3.3. Adsorption isotherms
The degree of surface coverage (θ) was calculated with the values of Inhibition efficiency the C.
Mexicana eco-friendly corrosion inhibitor at the different concentrations according to the Equation 4.
I%
H=
(Eq. 4)
D22

The adsorption characteristic of the C. mexicanaeco-friendly corrosion inhibitor was also studied by
fitting data obtained for the degree of surface coverage by three different models of adsorption isotherms,
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Tempkin, Langmuir and Frumkin. The tests reveal that the adsorption for the inhibitor on the metal surface is
best described by Frumkin adsorption isotherm. The assumptions of Frumkin adsorption isotherm can be
expressed with the Equation 5:
JKL

M/NOP
D*M

= log T + LH

(Eq. 5)

2

Z´´ (ohm.cm )

Where 6VWX refers to the concertation of inhibitor, T is the desorption-adsorption equilibrium constant, and L
correspond the parameter of adsorbate interaction.
240
220
200
180
160
140
120
100
80
60
40
20
0
-20
-40
-60

0h
2h
4h
6h
8h
10h
12h
14h

0

20 40 60 80 100 120 140 160 180 200 220 240
2

Z´ (ohm.cm )

!

Figure 6. EIS of corrosion of AISI 1018 carbon steel in 0.5 M H2SO4 with Crataegus mexicana at different residence times

The plot of 6/H versus 6 straight line graph was obtained and is showing in the Figure 7, which proves
that Frumkin adsorption isotherm is obeyed over the range of concentration studied. The values of the
adsorption parameters of C. Mexicana eco-friendly corrosion inhibitor deduced from Frumkin plot are presented
in the Table 3. For the obtained linear plot with which was calculated the adsorption constant (T>7Z ) as the
inverse of slope and the Gibbs free energy was calculated with the Equation 6 [41] and the value, it is present in
Table 3.
Table 3. Adsorption parameters deduced from Frumkin plot of Crataegus mexicana eco-friendly corrosion inhibitor

Slope
2.9511

R2
0.99

T>7Z
0.444

2
−∆]>7Z
[kJ mol-1]
-7.94

2
∆]>7Z
= −@^J_(55.54T>7Z )
(Eq. 6)
Where R is the gas universal constant, T is the temperature in Kelvin grades, Kads is the equilibrium constant of
adsorption and 55.5 is the concentration of water in the inhibitor solution.
2
Some authors mentioned about the ∆]>7Z
values, and they say values around -20.0 KJ mol-1 or fewer
negatives indicated physical adsorption where exists the attraction and repulse forces between inhibitor
2
molecules and the metal surface. Values of ∆]>7Z
around -40.0 KJ mol-1 or more negative indicate a chemical
adsorption processes derivate of the coordinative bonds formed between the inhibitor and the metal surface [21].
2
The ∆]>7Z
obtained for C. Mexicana eco-friendly corrosion inhibitor was -7.94 KJ mol-1, according to
the literature this indicated that the adsorption process was through a physical interaction between inhibitor
molecules and the metal surface. However, observing the resident time in that C. mexicana acts as eco-friendly
corrosion inhibitor, is possible to mention that these interaction forces are little strong because C. mexicana acts
as eco-friendly corrosion inhibitor during 4 h after this time the overall inhibition efficiency decreases.
Adsorption isotherms and the immersion time, both are important parameters in assessing the stability of
inhibitive behavior because the green corrosion inhibitors are degradable, they are not chemically like synthetic
organic corrosion inhibitors, so their inhibition efficiencies are not occurring for long immersion times.
Likewise is necessary to evaluate the immersion time for the green corrosion inhibitors and their influence on
the inhibition efficiency in a period of time period since 2 from 24 h.
A few studies reported the residence time or the period of time when the green inhibitor acts. However,
these periods could be considered shorts for green corrosion inhibitors but keep in mind the kind of aggressive
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environment, the pH is different in salt solution than acid, such as Prunus persica green inhibitor on carbon steel
in 0.5 M H2SO4 the residence time was 6 h [21] and for Eucalyptus globulus on C38 steel in sulfuric acid was
the same time [42]; for Medicago sativa against carbon steel in 0.5 M H2SO4 the residence time was 8 h [43];
and for Ricinus communis the residence time reported was 2 h [44]. In this study the residence time was 4 h in
with conserve the maximum corrosion inhibition efficiency was reached 80.00 %, by EIS at 500 ppm in 0.5 M
H2SO4.
3.4
Frunkin Isotherm

3.2
2

R =0.99

log(θC inh )/(1-θ)

3.0
2.8
2.6
2.4
2.2
2.0
0.4

!

0.5

0.6

0.7

0.8

θ

Figure 7. Frumkin adsorption isotherm from Crataegus mexicanaeco-friendly corrosion inhibitor

3.4. Metal surface analysis
The surface morphology of AISI 1018 carbon steel immerse in 0.5M sulfuric acid in absence and
presence of the methanol extract of C. mexicana was characterized. In order to demonstrate that at higher
concentrations of the green inhibitor protected the metal surface and reduced the damage by acid corrosion. The
imagens in the Figure 8 shows some micrographs corresponding to the surface samples of AISI 1018 carbon
steel exposed to 0.5 M of H2SO4. In the Figure 8a is presented the image of the sample exposed without green
inhibitor and after being immersed in the aggressive media for 4 h. It can be seen that the metal surface had the
corrosion products before cleaned and after had a lot of cracks (Figure 8b) and it reveals a severe damage on the
metal surface. The Figure 8c corresponds to the surface of metal immersed in the aggressive media and 500 ppm
of green inhibitor in which what the maximum corrosion efficiency was registered.

Figure 8. Micrographs of AISI 1018 carbon steel surface exposed to corrosion media without and with Crataegus
mexicana as eco-friendly corrosion inhibitor.
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It can be seen a compact layer with less porosity. After cleaned it is possible to observed (Figure 8d)
without corrosion products on the metal surface less micro cracks and more regular metallic surface as
consequence of the damage decreased. All this lead to observe that less damage on metal surface occurs with the
green inhibitor presence.
3.5. Chemical characterization of green corrosion inhibitor
The methanol extract of C. mexicana was chemically characterized by FT-IR, was possible to observe
the vibrations of the major functional chemical groups contained in the sample of green corrosion inhibitor. The
FTIR spectrum (Figure 9) shows a set of significant vibrations at 3322 cm-1 is observed a wide and intense band
characteristic of O-H bond of hydroxyl groups. At 2908 cm-1 is observed a coupled band of signals that
evidences C-H bonds like –CH3 and –CH2–. An intense tight band at 1620 cm-1 proves evidence of existence
C=O double bond from the carbonyl group vibration like ketone. At 1388 cm-1 an intense tight band of C-H
bond reflection is seen, which can be assigned to methyl groups (-CH3).

1.0

Absorbance Log(1/R)

0.9

562
0.8

1388

0.7

1628

2908
0.6

3322
1042

0.5

4000

3000

2000

1000

0

Wavenumbers (cm-1)

Figure 9. FT-IR spectrum of methanol extract of Crataegus mexicana

Also, a very intense and narrow signal at 1042 cm-1 confirms the vibration of C-O bonds, mainly
alcohol. At 562 cm-1, a wide and short signal is assigned to C-H bonds (-CH2-). It is important to have in mind
that flavonoids have carbon – carbon double bonds in their the aromatic ring structures, ketone carbonyls in ring
C and secondary alcohols in rings A and B, as shown in the Figure 10. The result of FTIR analysis proved
evidence of the presence of flavonoids in C. Mexicana eco-friendly corrosion inhibitor [45].

Figure 10. IR assignation of signals using a general chemical structure of flavonoid.
Green and blue C-O bond; Red C=O double bond and Brown O-H bond.

3.6. Toxicity text
The inhibition percent of the Lactuca sativa growth (% IL) was calculated using the Equation 7.
%4#b =

?B*?c
?B

(Eq. 7)

Where de means growth of hypocotyl or radicle with the negative control (without eco-friendly corrosion
inhibitor) and df means growth in the presence of C. mexicana.
The Figure 11 it can be seen the L. sativa seedling growth inhibition graph at different concentrations of
methanol C. mexicana extract. It is observed that when extract concentration is increased the inhibition percent
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also increases, observing that that maximum inhibition of the radicle is of 42% whereas for the hypocotyl is of
39% using 700 ppm of the extract concentration.
50

% Inbition

40

30

Radicle
Hypocotyl

20

10

0
200

300

400

500

600

700

800

Concentration/ppm

Figure 11. Inhibition percent curve for hypocotyl and radicle L. sativa seeds at different concentrations of
methanol Crataegus mexicana extract.
The germination index (GI) was calculated using the Equation 8 [46].
]#% =

1gh∗1h1

(Eq. 8)

D22

Where RSG is the relative seed germination and RGR is the relative growth of the radicle.
In the Figure 12 is presented the germination index over 50 % of the population until the inhibitor
concentration is above 700 ppm. According to the toxicity classification of released substances recommended in
México by the Environment and Natural Resources Secretary (SEMARNAT by initials in Spanish), the
Mexican Oil Institute (IMP by initials in Spanish) and the Ecology National Institute (INE by initials in
Spanish) [47], is possible mentioned that C. Mexicana eco-friendly corrosion inhibitor can be classified as
slightly toxic according L. sativa seeds bioassay because due to the concentration needed to cause damage
effects in half the population is around 700 ppm, this value is consider into 500 to 5000 ppm average.
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Figure 12. Hypocotyl and radicle germination index of Lactuca sativa using different concentrations of Crataegus
mexicana

Conclusion
Through PPC was possible determined that the methanol extract C. mexicana acted as eco-friendly
corrosion inhibitor mix type predominantly as cathodic type green inhibitor. 500 ppm of methanolC. Mexicana
extract produced 75% as maximum corrosion inhibition efficiency by PPC. However through EIS tests, the
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maximum corrosion inhibition efficiency was 80%. The weight loss method shown that after 4 h as immersion
time the corrosion inhibition efficiency increased to 95% and then the corrosion inhibition decreases. The
surface analysis lead to observe that less damage on metal surface occurs with the green inhibitor presence. The
FTIR analysis showed the presence of flavonoids into the green inhibitor and the toxicity analysis with L. sativa
seeds shown that methanol extract of C. mexicana could be result slightly toxic above 700 ppm as green
inhibitor. All of these permitted to conclude that the performance of C. mexicana as eco-friendly corrosion
inhibitor is adequate.
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