
Merve Okutan,     Abdurrahman Asan,     Hacer Ebru Singer
Hitit University, Department of Chemical Engineering, Corum, Turkey

Hittite Journal of Science and Engineering, 2023, 10 (1) 33-41 

ISSN NUMBER: 2148-4171

DOI: 10.17350/HJSE19030000288

Metallic materials, which are very sensitive to 
chemical and electrochemical reactions, inte-

ract with the components in their environment and 
corrode. This situation causes great economic losses, 
loss of life, and safety hazards [1]. Many methods can 
be applied to protect metal structures from corrosi-
on. Among these methods coating of plastic, polymer, 
inorganic or organic compounds on the metal surface 
[2,3], anodic and cathodic protection [4,5], and inhi-
bitors [6] are widely used. The use of inhibitors stands 
out among other methods because it is a practical 
method that can be used to protect metals in contact 
with aqueous solutions from corrosion and has beco-
me one of the most researched subjects in the field 
of corrosion protection [7]. However, concerning the 
development of corrosion inhibitors, technical requ-
irements, as well as function, environmental impact, 
economic cost, and capacity, should be considered 
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[8,9]. At this point, organic green corrosion inhibitors 
obtained from plants stand out as an important alter-
native. These materials are biodegradable, environ-
mentally compatible, relatively inexpensive, and have 
harmless properties, which is why they have proven 
to be one of the most excellent approaches to comba-
ting corrosion [9]. Plant extracts used as corrosion in-
hibitors can be obtained from various parts of plants, 
generally including leaves [10,11], stem, root bark [12], 
fruits [13], fruit peel [14,15], seeds [16,17], flowers, and 
nuts [18-20]. Plant compounds and plant-based ext-
racts used as organic green corrosion inhibitors ge-
nerally contain heteroatoms such as N, O, S, P and/or 
conjugated double or triple bonds that allow them to 
be attached to the metal surface [1,9,21]. While inves-
tigating the inhibitory activity of some plant extracts, 
many studies focused on the TPC in the compounds. 
Indeed, studies in the literature show that the inhi-

A B S T R A C T

M ild steel is primarily used in reinforced concrete structures because it has a low cor-
rosion rate due to the formation of a passive oxide film in an alkaline environment. 

However, when exposed to acidic and atmospheric environments or aqueous environments 
containing dissolved salts such as seawater, the protective film deteriorates and corrosion 
occurs due to contamination caused by chloride and carbonation. It is possible to obtain 
corrosion inhibitors by extraction of bioactive compounds from plants. Thus, inexpensive 
and environmentally friendly new effective inhibitors are obtained as an alternative to en-
vironmentally harmful inhibitors. In this context, the subject of the study was determined 
as the investigation of the inhibition efficiency of the vanillin phenolic compound in the 
Çorum Oğuzlar walnut shell extract, which is a local product, on the corrosion of AISI 1010 
mild steel in acidic, alkaline, and salty environments. The walnut shells, which were cleaned, 
ground and pre-sieved with a certain grain size, were extracted in seven different solvents. 
In order to find the appropriate solvent, the total phenolic content (TPC) in the extracts 
was determined by both the Folin Ciocalteu method and the liquid chromatography-mass 
spectrometry/mass spectrometry (LC-MS/MS) system. Cyclic voltammetry (CV) and Tafel 
polarization methods were applied to determine the effect of the extract on the electrochemi-
cal behavior of AISI 1010 and its corrosion rate. LC-MS/MS analysis showed the presence 
of compounds containing p electrons, N and O heteroatoms responsible for the corrosion 
inhibition. The best inhibition effectiveness was obtained as 86.1% with the acetone-water 
mixture in an acidic environment (0.2 M HCl).
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lar district of Çorum and were used after the shells were 
cleaned, dried, milled, and brought to a certain grain size. 
Ethanol (C2H5OH, anhydrous) from Carlo Erba; hydroch-
loric acid (HCl, 37%), acetone (C3H6O, for analysis), and 
methanol (CH3OH, for analysis) from Merck; Folin-Cio-
calteu reagent, gallic acid, sodium carbonate (Na2CO3, ≥ 
99.5%), sodium hydroxide (NaOH, > 98-105%) from Sig-
ma-Aldrich; sodium chloride (NaCl, ≥ 99.5%) was purc-
hased from Tekkim companies and used without further 
purification.

Characterization

Attenuated total reflection-Fourier transform infrared 
spectrophotometer (ATR-FTIR) was used to characterize 
the chemical structure of extracts obtained from walnut 
shells. The TPC of the extracts was analyzed by LC-MS/
MS device as well as the Folin-Ciocalteu method.

To examine the corrosion behavior of AISI 1010 in a 
corrosive environment with and without extract, an elect-
rochemical workstation consisting of a CHI 660E model 
potentiostat and a 680C model amplifier booster was used 
to obtain CV and Tafel polarization curves. A three-neck 
electrolysis cell with a volume of 500 mL was used in the ex-
periments. The working electrode used in the electrochemi-
cal cell was AISI 1010, the reference electrode was a satura-
ted calomel electrode and the counter electrode was a grap-
hite rod. The working electrode was placed in a cylindrical 
mold and covered with polyester resin except for the 0.2 cm2 
active surface area. The active surface of the working elect-
rode was polished underwater with 4000-grit sandpaper be-
fore each experiment. Then, it was cleaned with water and 
acetone to remove any impurities. CVs were obtained with 
a scanning rate of 200 mV s-1 between -1.5 V to -0.2 V in 0.2 
M NaOH and 5% NaCl, while the potentials changed from 

-1.0 V to 0.0 V for 0.2 M HCl. Tafel polarization curves were
obtained with a scanning rate of 5 mV s-1 between -1.5 V to

-0.5 V in 0.2 M NaOH, -1.3 V to -0.6 V in 5% NaCl, and -0.75 
to -0.4 V in 0.2 M HCl.

The inhibition efficiency (%) of the inhibitors was cal-
culated from Equation 1 using the corrosion rates determi-
ned by the Tafel polarization method.

0

0

Inhibition efficiency (%) = 100inhI I
I
−

×                     (1)

where I0 and Iinh are corrosion rates in a corrosive envi-
ronment without and with inhibitor, respectively.

Extraction of Walnut Shells

The shells of the walnuts obtained from the local gro-
wer were cleaned, cut into small pieces with the help of a 
blade crusher, and dried under suitable conditions to re-
move the moisture inside. It was then ground into a fine 

bitory activity of extracts increases with TPC [21]. Nuts 
such as walnuts are plants containing many phenolic 
compounds with important biological properties [22]. 
One of these compounds is vanillin, a non-toxic phenolic 
aldehyde. In the literature, studies have been conducted 
in which vanillin and its derivatives have been investiga-
ted as green corrosion inhibitors on various metals due 
to their advantages such as safe use and high solubility in 
water [23-28]. It has been reported in the literature that 
in protecting mild steel from corrosion, phenolic com-
pound types in walnut such as vanillic acid are adsorbed 
on the surface of steel due to their negative charges. For 
example, Satpati et al. investigated the inhibition effi-
ciency of the synthesized vanillin-based Schiff base for 
mild steel in 1 M HCl. They reported that it was adsor-
bed on the metal surface by chemical adsorption via the 
vanillin moiety and the imine group [28-30]. Currently, 
there is no generally accepted method for the recovery 
of all or a particular group of phenolic compounds in the 
five main groups called phenolic acids, flavonoids, tan-
nins, phenolic ligands, and stilbene derivatives due to the 
complex structure of plants. However, to extract pheno-
lic compounds from plants, unconventional extraction 
methods consisting of the use of ultrasound, microwave, 
and pressurized/supercritical fluids and combinations of 
these methods are widely used with organic solvents that 
are considered safe [22,31-33].

In the literature, the extraction of biologically active 
compounds from plants has been widely studied by using 
solvent extraction. However, this study differs from others 
on the extracts obtained from the shells of the Çorum Oğuz-
lar walnut, which is a local product, by ultrasound assisted 
extraction (UAE) technique. To the best of our knowledge, 
although there are many studies of synthetically obtained 
vanillin and its derivatives as corrosion inhibitors, there has 
been no study in the literature on the examination of va-
nillin extracted from walnut shells as a corrosion inhibitor.

For these reasons, in this study, the effect of the vanil-
lin phenolic compound in the Oğuzlar walnut extract as a 
green inhibitor for AISI 1010 mild steel was investigated in 
three different environments as acidic, alkaline, and salty. 
The presence of phenolic compounds, especially vanillin, 
in extracts obtained from walnut shells was determined by 
TPC determination/analysis (Folin-Ciocalteu method and 
LS MS/MS analysis), and the extract structure was clarified 
by FTIR. The corrosion behavior of AISI 1010 was investiga-
ted using CV and Tafel polarization methods.

MATERIAL AND METHODS

Materials and Chemicals

Walnuts were obtained from a local grower in the Oğuz-
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powder with the help of an electric grinder. Samples with 
a particle size of less than 0.35 mm obtained after sieving 
using a 45 mesh sieve were collected for use in extraction.

Acetone, ethanol, methanol, water, and the mixture of 
these three organic solvents with water were studied as sol-
vents. In the extraction process, 25 mL of the solvent was 
mixed with 2.5 g of a powdered walnut shell. Solvent mixtu-
res were prepared using 3 parts of organic solvent and 1 part 
of water by volume. The mixture was placed in an ultrasonic 
bath operating at 50°C and a frequency of 53 kHz, and UAE 
was performed for 30 minutes. The extract was separated 
from its solid by centrifugation at 7500 rpm for 15 minutes. 
Lastly, the obtained extracts were stored in a vial and kept in 
the fridge until analysis. These solutions were directly used 
as an inhibitor in corrosion studies.

Determination of TPC by Folin-Ciocalteu Method

For the extracts obtained using seven different solvents, 
TPC was determined spectrophotometrically by the Fo-
lin-Ciocalteu method [29,30]. First, 100 μL of the extract 
was diluted 10 times and 2.5 mL of Folin solution (0.2 
N) were mixed and left for 3 minutes. After that, 2 mL
of   Na2CO3 solution (7.5%) was added to this solution and 
mixed again. This mixture was kept at dark and room
temperature for 1 hour. Then, absorbance values were
determined for each of the blue-colored solutions at a
wavelength of 760 nm using the Genesys 10S UV-Visible
(Thermo Scientific, USA) spectrophotometer (n=3). In
addition, the blank sample was prepared with distilled
water. For the numerical determination of TPC in the
extracts, a standard calibration line was obtained using
gallic acid (R2=0.9977). Results were given in milligram
gallic acid equivalents per kilogram dry weight (mg GAE/
kg).

RESULTS

TPC Analysis and Determination of Individual 
Phenolic Compounds in Walnut Extract

The TPC values of the extracts obtained using seven dif-
ferent solvents are given in Fig. 1. When the results were 
examined, the highest TPC value was achieved with the 
methanol-water mixture. However, it was observed that 
the amount of phenolic content obtained with the aceto-
ne-water mixture was very close to that obtained in the 
methanol-water mixture.

The chemical structure of the walnut extract was in-
vestigated by FTIR analysis. The FTIR spectra of the ext-
racts in acetone-water and methanol-water, which have the 
highest phenolic compound content according to the Folin-
Ciocalteu method, are given in Fig. 2. O-H stretching bands 
are observed around 3326 cm-1 for the extract in methanol-

water and around 3406 cm-1 for the extract in acetone-water. 
It has been reported in the literature that the O-H group in 
walnuts may originate from the phenolic groups of ferulic 
acid, juglone, and myricetin [34,35]. The peaks at 1404 and 
1361 cm-1, and 2950 and 3001 cm-1 for extracts in methanol-
water and acetone-water can be attributed to the aromatic 
rings and the C-H stretching vibration, respectively. The ab-
sorption peaks observed at 1656 cm-1 for the methanol-water 
extract and 1705 cm-1 for the acetone-water extract indicate 
the presence of a C=C bond or N-H bending vibration of the 
amine group, which may be caused by all possible phenolic 
compounds. In addition, the peak seen at 1227 cm-1 for the 
acetone-water extract indicated the presence of a C-H bond 
from the -CH3 group. The stretching peak observed at 1019 
cm-1 for the extract in methanol-water belongs to the C-O 
group. The wide absorption band observed in the range of 
640-650 cm-1 for both extracts indicated the presence of
aromatic C-H groups. These outcomes are compatible with
the properties of traditional corrosion inhibitors and con-

Figure 1. TPC values of walnut extracts obtained by UAE using different 
solvents.

Figure 2. FTIR spectrum of walnut extracts obtained by UAE using 
different solvents.
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firmed the presence of O, N, and aromatic rings belonging 
to the functional groups of Oğuzlar walnut extracts [35-37].

The quantitative analysis results for the determination 
of the types and, amounts of phenolic compounds contai-
ned in the extracts obtained in the extraction process using 
acetone-water and methanol-water mixtures are given in 
Table 1. More vanillin phenolic compound was obtained 
when acetone-water mixture was used as the extraction sol-
vent. Therefore, this extract was chosen for electrochemical 
processes.

Electrochemical Behavior of AISI 1010 in 
Inhibitor-Free Environment

In order to determine the inhibition efficiency of the wal-
nut shell extract, the electrochemical behavior of AISI 
1010 in different corrosive environments was determined 
by the CV (Fig. 3) and the corrosion rate measurements 
were determined by the Tafel polarization method (Fig. 
4).

In Fig. 3, it is seen that the AISI 1010 was passivated in 
0.2 M NaOH, passivation up to about -0.15 V in a 5% NaCl, 
and never passivated in 0.2 M HCl. In 0.2 M HCl, very large 

cathodic and anodic currents passed through the steel sur-
face compared to other environments. An anodic current at 
about 100 mA passed at -0.2 V in 0.2 M HCl, while an ano-
dic current at about 12 mA in 5% NaCl and less than 0.8 mA 
in 0.2 M NaOH. These results showed that the AISI 1010 
was very endurable, partially durable and durable in acidic, 
salty, and alkaline environments, respectively.

In order to determine the corrosion rate of AISI 1010 
in these environments, the polarization curves obtained by 
the Tafel polarization method are given in Fig. 4. In the Tafel 
polarization curves, while there was no passivation in the 
anodic branch in 0.2 M HCl, passivation was observed in 
the anodic branch of salty and alkaline environments, sup-
porting the voltammograms in Fig. 3.

By overlapping the slopes of the anodic and cathodic 
polarization curves obtained by the Tafel polarization met-
hod, the corrosion rate, the linear polarization resistance, 
and the corrosion potential in HCl were determined as 1.014 
mm/year, 182.4 ohms and -0.582 V, respectively. The cor-
rosion rates in 0.2 M NaOH and 5% NaCl were 0.062 and 
0.126 mm/year; and polarization resistances were measured 
as 1760 and 2387 ohms, respectively.

Electrochemical Behavior of AISI 1010 in 
Different Corrosive Environments with Inhibitor

The electrochemical behavior of AISI 1010 in different 
corrosive environments with walnut extract added at 
500, 1000, and 2000 ppm concentrations was investiga-
ted by CV (Figs. 5-7). As can see in Fig. 5, because walnut 
extract prevented the oxidation steps of steel, the anodic 
peak at approximately -0.60 V, observed in the CV ob-
tained without the inhibitor, gradually decreased while 
the concentration of the extract increased and this peak 
completely disappeared at 2000 ppm.

Figure 3. CVs of AISI 1010 obtained in different corrosive environments 
without inhibitor.

Figure 4. Tafel polarization curves of AISI 1010 obtained in different 
corrosive environments without inhibitor.

Table 1. Phenolic compound contents obtained by LC-MS/MS analysis of 
walnut extracts obtained with different solvents.

Phenolic compound
mg phenolic/L solvent

Acetone-water extract Methanol-water extract
Gallic acid 1.941 1.477

Protocatechuic acid 3.311 2.574
Protocatechuic aldehyde 0.616 0.604

Sesamol 0.795 0.618
Catechin 2.876 1.911
Vanillin 4.568 3.750

Taxifolin 1.949 1.303
Oleuropein 1.987 5.141
Ellagic acid 1.727 0.777
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In Fig. 6, it is observed that AISI 1010 did not passivate 
in an acidic environment, but with the addition of walnut 
extract, both anodic and cathodic currents decreased.

In Fig. 7, it is seen that the anodic peak, which was ob-
tained in the 0.2 M NaOH without extract, at about -1.0 V in 
the anodic branch, did not observe in the 5% NaCl. In addi-
tion, there was an increase in anodic and cathodic currents 
compared to the alkaline environment. This can be attri-
buted to the lower pH and the effect of chloride ions in the 
environment. Chloride ions destroy the steel passivity. Mo-
reover, the fact that the forward anodic current was smaller 
than that of the backward anodic current in all curves has 
indicated the pitting corrosion [38]. Passivity increased to 
higher potentials with the increase of walnut extract con-
centration. Passivity continued up to -0.2 V when 2000 ppm 
walnut extract was used.

Tafel Polarization Curves of AISI 1010 in 
Different Corrosive Environments with Inhibitor

Tafel polarization curves obtained in different corrosive 
environments with walnut extract added at concentra-
tions of 0, 500, 1000, and 2000 ppm are shown in Figs. 
8-10. In addition, the corrosion potential, polarization 
resistance, corrosion rate, and inhibition efficiency of the 
AISI 1010 obtained by the Tafel polarization method are 
given in Table 2.

Tafel polarization curves obtained in 0.2 M NaOH con-
taining walnut extract at various concentrations are shown 
in Fig. 8. Although the anodic and cathodic regions of all 
curves were similar, it is seen that the corrosion potential 
shifted to more positive values with a rise in the concentra-
tion of inhibitor. The shift of the corrosion potential to the 
positive region and the decrease in the anodic current with 
the increase in inhibitor concentration signified that the 
anodic reaction was slowed down by walnut extract. Mo-
reover, the polarization resistance decreased as the inhibi-
tor concentration raised. These results showed that walnut 
extract was effective as an anodic inhibitor in an alkaline 
environment.

Tafel polarization scans acquired in 0.2 M HCl with 
walnut extract at various concentrations are shown in Fig. 
9. With the increase in walnut extract concentration, the
corrosion potential shifted to the more positive region and
the corrosion rate decreased. This result pointed out that
walnut extract acted as an anodic inhibitor. The rising in
polarization resistance with the increase in concentration
supported these results. The extract did not provide much
inhibition of the AISI 1010 corrosion in a salty environment.

In Fig. 10, Tafel polarization scans are given which 
were obtained in 5% NaCl with walnut extract at various 

Figure 5. CVs of AISI 1010 in 0.2 M NaOH containing walnut extract 
at various concentrations.

Figure 6. CVs of AISI 1010 in 0.2 M HCl containing walnut extract at 
various concentrations.

Figure 7. CVs of AISI 1010 in 5% NaCl containing walnut extract at 
various concentrations.
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concentrations. Although the anodic and cathodic branches 
of all curves were similar, there was no significant change in 
corrosion potential with increasing the inhibitor concentra-
tion. There was a decrease in corrosion current with inhibi-
tor concentration, but no significant change was observed in 
the cathodic branch. However, a significant fall was obser-
ved in the anodic branch only at 2000 ppm [39].

DISCUSSION

Plants are the source of numerous biologically active 
compounds, but these compounds are found in small 
amounts in plants. The extraction is a technique that can 
obtain these biological components (extracts) with high 
yield and the least alteration in their functionalities. Re-
search on this subject shows that there are differences in 
the bioactivity of extracts obtained by using diverse tech-
niques. For this reason, it is needed to choose the conve-
nient extraction method as well as the solvent according 
to the sample matrix properties, the chemical properties 
of the analytes, the matrix-analyte interaction, the ef-
ficiency, and other properties. Heat is transferred from 
the surface by convection and conduction in conventio-
nal extraction. Here, the extracting ability of solvents is 
mainly based on the solubility of the constituent in the 
solvent, the mass transfer kinetics of the product, the 
heat and mass diffusion, and the strength of the solute/
matrix interaction. UAE is a technique that utilized high 
intensity/frequency sound waves and solvents to extract 
targeted compounds from different matrices. Ultrasound 
disrupts the cell walls of the plant; make easier the rele-
ase of extractable components and increasing the mass 
transfer of the solvent from the continuous phase to the 
plant cells. Therefore, UAE is more advantageous than 
other extraction types in terms of yield, extraction time, 
and consumption of solvent [40].

The shell extract of the walnut investigated in this study 
was obtained by UAE. Acetone-water mixture at a ratio of 

Figure 9. Tafel polarization curves of AISI 1010 in 0.2 M HCl with and 
without inhibitor.

Figure 10. Tafel polarization curves of AISI 1010 in 5% NaCl with and 
without inhibitor.

Table 2. Corrosion parameters of AISI 1010 in three different corrosive 
environment with and without walnut extract as an inhibitor [39].

Extract 
concentration 

(ppm)

Corrosion 
potential

Ecorr
(Volt)

Polarization 
resistance Rp

(ohms)

Corrosion 
rate 

(mm/year)

Inhibition 
efficiency

(%)

0.
2 

M
 N

aO
H 0 -0. 924 1760.1 0.062 -

500 -0.855 14074.9 0.018 71.0
1000 -0.817 24606.4 0.013 79.0
2000 -0.744 26020.2 0.012 80.6

0.
2 

M
 H

Cl

0 -0.582 182.4 1.014 -
500 -0.548 420.4 0.352 65.2

1000 -0.537 693.7 0.185 81.8
2000 -0.488 733.3 0.141 86.1

5%
 N

aC
l 0 -1.051 2387.1 0.126 -

500 -1.066 2340.2 0.118 6.3
1000 -1.057 2028.6 0.091 27.8
2000 -1.049 4230.8 0.066 47.6

Figure 8. Tafel polarization curves of AISI 1010 in 0.2 M NaOH with 
and without inhibitor.
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3/1 was chosen as the most suitable solvent for UAE, since 
it allowed the extraction of a high amount of vanillin. The 
extract was separated from its solid by centrifugation and 
this solution was stored to be used directly as an inhibitor 
in corrosion studies.

Extracts from plants are a widely studied topic in cor-
rosion science in recent years as corrosion inhibitors, and 
they have advantages such as being cheap, soluble in water 
and biodegradable. Extracts of plants are mixtures of diffe-
rent organic materials and they commonly contain oxygen, 
nitrogen, sulfur or double bond, triple bond, or conjugated 
system. In this respect, they resemble common organic in-
hibitors and are considered a promising group of highly ef-
fective inhibitors [36]. According to the analysis of FTIR and 
determination of phenolic components after the extraction 
process, it has been determined that there were functional 
groups containing the above mentioned bonds and atoms 
in the structure of the components in the walnut shell ext-
ract. Therefore, it was predicted that the walnut shell extract 
will have a positive effect on decreasing the corrosion rate of 
AISI 1010 mild steel as an inhibitor.

Mild steel (<0.15% carbon), also known as low carbon 
steel, is widely used in construction, manufacturing, and 
other industries due to its low cost, easy availability, malle-
ability, high ductility, and mechanical resistance. The main 
problem encountered in the use of mild steel is its increased 
tendency to corrosion when exposed to acidic, alkaline, or 
salty environments. Especially in industries where aggressi-
ve acids such as hydrochloric acid are used, corrosion leads 
to the destruction of this material and ultimately shortens 
the expected life of steel. As it is well known a small amo-
unt of inhibitor is sufficient to prevent corrosion [41]. He-
rein, first of all, CVs and Tafel polarization curves of AISI 
1010 were obtained for three inhibitor-free corrosive envi-
ronments. According to Tafel polarization curves, the cor-
rosion rates of AISI 1010 for 0.2 M NaOH, 0.2 M HCl, and 
5% NaCl were measured at 0.062, 1.014, and 0.126 mm/year, 
respectively. The most corrosive environment was found to 
be 0.2 M HCl, as expected. It was determined that the least 
corrosive environment was 0.2 M NaOH due to the passi-
vation of AISI 1010 in an alkaline environment. It has been 
determined that 5% NaCl is more corrosive than that of an 
alkaline environment due to the chloride ions disrupting 
the passivity of the AISI 1010. When the extract was added, 
these three corrosive environments at 500, 1000, and 2000 
ppm, it is understood that the Oğuzlar walnut shell extract 
is an effective inhibitor for AISI 1010 steel in all corrosive 
environments owing to its phenolic components, especially 
vanillin. The inhibition efficiency of this extract was mea-
sured 47.6% in 5% NaCl, 80.6% in 0.2 M NaOH, and 86.1% 
in 0.2 M HCl.

There are studies in the literature examining the in-
hibition efficiency of vanillin on various metals. In a study 
examining the inhibition efficiency of vanillin on an alumi-
num alloy (AA6061) in seawater, it was reported by Rosliza 
et al. that the efficiency increased with the vanillin concent-
ration changing from 200 to 1000 ppm [23]. Tawfik et al. 
investigated the effect of non-ionic surfactants containing 
vanillin derivatives on the corrosion of carbon steel in 0.5 M 
HCl. They reported that the inhibition efficiency varied bet-
ween 84-96% according to the length of the ethylene oxide 
chain contained in the inhibitor [25]. Fernandes et al. repor-
ted that the efficiencies of three vanillin derived Schift bases 
for mild steel in 1 M HCl were 82.2%, 83.1%, and 93.1% [26]. 
Lotto et al. reported that the rosemary extract (Rosmarinus 
officinalis) with added vanillin exhibited 95.63% inhibition 
efficiency for mild steel in 1 M HCl [27]. Haddadi et al. inves-
tigated the corrosion behavior of mild steel exposed to sea-
water when a walnut green shell (Juglans regia) containing 
vanillic acid in its structure was used as an inhibitor. They 
reported that approximately 94% efficiency was achieved at 
an extract concentration of 1000 ppm [42]. As can be seen, 
this study with a corrosion efficiency of 86.1% for mild steel 
in an acidic environment is comparable to its counterparts 
in the literature. Moreover, even though the inhibitor yields 
are relatively higher than the value obtained in this study; 
when the ones based on the synthesis of vanillin compound 
and its derivatives are considered, it is thought that it is more 
practical to obtain vanillin via UAE, which is a simple, fast 
and effective approach, rather than the organic synthesis of 
any chemical.

CONCLUSION

Walnut is a popular nut that has more than twenty types 
all over the world and it has consumed quite a lot in our 
country. In this study, the Çorum Oğuzlar walnut extract 
was investigated as a candidate for an environmentally 
friendly inhibitor. It was determined that this extract, 
which was found to contain various phenolic groups 
mainly vanillin in its structure from FTIR and LC-MS/
MS analyses, could effectively prevent corrosion for AISI 
1010 mild steel in an acidic and salty environments. It is 
believed that this study will provide a valuable reference 
for the development and practical applications of green 
inhibitors.
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