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Comparison of different concentrations efficiency of Artemisia and Sesamum plants extractors as
corrosion inhibitors for medium steel specimens in 0.5M HCI at temperature of 25°C
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Keywords: ABSTRACT

Medium steel Corrosion of steel is the major problem in building, petroleum pipelines, or plants, so use of protection
Inhibitor techniques is most important to reduce metal degradation or plant stopped due to failure of machines
Extract that lead to increase of maintenance or replace part damaged cost. The purpose of this study is to

Corrosion rate
Hydrochloric acid solution (hcl)

investigate the effect of an inhibitor on the corrosion inhibition potential of mild steel using organic
inhibitors from Artemisia and Sesamum plant extracts. The study was carried out using the weight loss

technique. Using different concentrations of plant extracts from each type at 25°C and measuring the
weight of medium steel (MS) samples before and after immersion in the media of HCI acid and
inhibitor. The results obtained showed that the inhibition efficiency of the extract increases with an
increase in the concentration of the extract. The adsorption isotherm of natural product on the steel has

been determined.
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Introduction

Corrosion occurs when pure metals and alloy react chemically or
electrochemically with the corrosive environment such salt solution
to form insoluble corrosion product. Corrosion mechanism includes
the passage of electrons from the anode (more active metal) to the
cathode (less active metals) this process is known as the charge
transfer process, at the cathode electrons accepted by oxygen,
hydrogen ions or oxidizing agents [1,2,3,4,5,6]. Medium Steel (MS)
is used most widely in industrial applications such as petrochemical
production systems, also used in the manufacture of oil pipes, power
plants, tanks, etc. although it is more resistant to corrosion in
aggressive environments, however demands protected to extend its

existence [7]. To cleaning and remove unwanted scales and corrosion
dust from the metal surface many acids are used for this purpose for
example HCL, H2SOa4, and H3POas. But these acids are corrosive
agents which may cause damage to the metal and thus reduce its
lifetime [8], for this many researchers and scientists seek to discover
reasonable solutions to retard its corrosion and give ideal protection
that can extend its lifetime [9]. To minimize corrosion rate of metals,
there are several ways used such as cathodic protection, anodic
protection, coating, Alloying and recently been used laser for the
same purpose to improve some properties of metals such as
roughness, hardness, resistance to corrosion by surface treatment of
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metal, etc. [10.11]. There is another way to reduce dissolution or loss
of metals by adding corrosion inhibitors, where corrosion inhibitors
are the chemical compound that reduce corrosion rate of metals when
being added to the liquid or gas that the metal is in contact with it.
[12]. Researchers reported using phytochemical as corrosion
inhibitors, in the 1972, the aqueous extract of Hibiscus subdariffa
(karkade) by El hosary and his team [13] as an inhibitor in acidic and
alkaline medium. Also nicotine [14] and caffeine [15] used as
effective corrosion inhibitor for MS in neutral environment was
explained by Srivastava and Sanyal. Tobacco, black pepper, castor
oil seeds and lignin are also used as inhibitors for MS corrosion in an
acidic solution and they tacked high degree of corrosion control in
acidic solution and was done by Srivastava and Srivastava [16]. In
order to produce safe inhibitors, research is currently focused on plant
extracts since they are eco-friendly, easily accessible, affordable, and
renewable sources of efficient corrosion inhibitors [17-23]. Plant
extracts with nitrogen, oxygen, or sulphur atoms have been utilized
to prevent the corrosion of zinc and other metals in solutions like HCI
and NaCl [24-28]. In this study we will use Artemisia & Sesamum
extractors as natural organic inhibitors. In general, organic inhibitors
are most widely used to inhibit corrosion of metals in industry
because of their effectiveness at different temperatures, good
solubility, and relatively low toxicity [24,25].

2. Materials and Methods
2.1. Chemical compositions of Medium Steel Used in this Work.

The Medium steel test sample that was used for the experiment was
found from steel market in Sebha had a compositional specification
(in wt %) as follows 95.0% Fe, 0.45C ,1.30% Si, 0.911% Mn, 0.111%
P, 0.256% S, 0.334% Cr, 0.0202% Ni, 0.491% Cu, and 0.641% Al as
determined by the chemical analysis.
2.2. Preparation of Sesamum indicum and Artemisia leaves:
Aqueous extracts of Sesamum indicum and Artemisia leaves are used
to prepare a stock solution of the plant's leaves: In a round bottom
flask with an air condenser, 20 g of dried and ground Sesamum
indicum and Artemisia leaves powder was heated for 24 hours at
70°C with 500 ml of distilled water. After being allowed to stand
overnight, the extract was filtered and made up to 500 ml with
distilled water.
2.3. Corrosion Measurements
A weight loss approach was used to calculate the rates of corrosion
for steel samples that were inhibited and uninhibited. At 25°C, weight
loss measures were taken. These cylinders were submerged in 0.5M
HCI, and the loss weight of each successive weighting sample
exposed to the test solution for rinsed, dried, and weighted w2 was
noted. According to weight loss in gm. cm?min, the corrosion rate
of weight loss (CR) was determined using Equ. (1):
CR = % 1 [29]

Where w1 and w2 are the corrosion rate of the mild steel specimen in
the absence and presence of inhibitor, respectively, A is the surface
area of mild steel specimen and t is the time of each exposure. The
percentage of inhibition efficiency (l. E) of a corrosion inhibitor is
calculated from the corrosion rate values using Equ. (2).

I.E = [1 - MJ 100 () [30]

CRCorr.,free
Where, CRcorr., free and CReorr., add are the corrosion rates in the
absence and presence of a certain concentration of the inhibitor.
3. Results
3.1. Corrosion Rate (CR):
The relationship of specimens and inhibitor concentration of the
current study are presented in figure (1) for Artemisia extracts and
sesamum indicum aqueous extract, at temperatures of 25°C °.
According to figure 1 the corrosion rate in Artemisia and Sesamum
indicum extracts is inversely correlated with the inhibitor
concentration, which means that when the inhibitor concentration
increases the corrosion rate decreases. According to some researchers,
a metal rate of corrosion doubles for every 10°C [31], as the
concentration of the extract in solution is raised, the results
demonstrate a continuous increase in the efficiency of inhibitor [32].
The corrosion rate decreases, and the efficiency of the inhibitor
increases, which indicates that the inhibitor molecules are adsorbed

and provide a barrier on the metal surface [33]. These outcomes
demonstrate that both extracts have a respectable level of corrosion-
inhibiting potential,
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Figl.Corrosion Rate of Artemisia and Sesamum indicum extracts

3.3. Inhibition Efficiency (IE):

The Inhibition Efficiency (IE %) is presented in figure (2) for both
temperatures 25°C. The results show a consistent increase in
inhibition efficiency as the concentration of the extract in solution is
increased. We found that the values of efficiency and surface area
covered increase with increasing concentrations of the used inhibitor.
It can be inferred that gradual increase in inhibitor concentration
increases the percentage of inhibition efficiency. Hence, when the
inhibitor concentration increases, the corrosion rate decreases which
directly related to the improves in the adsorption mechanism. A
current study showed that the percentage of inhibition efficiency of
both sesamum indicum and artemisia leaves increase as the inhibition
concentration increases [34-35].
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Fig 2. Inhibition Efficiency of Artemisia and Sesamum indicum
extracts.
3.3. Adsorption Isotherm:
In general, the adsorption is governed by a number of forces such as
covalent bonding, electrostatic attraction, hydrogen bonding, non-
polar interactions between the adsorbed species, lateral associative
interaction, solvation, and desolvation [36]. The adsorption isotherms
define the molecular interactions of the inhibitor molecules with the
active sites on the metal surface [37-38].
The isotherms tested were Langmuir, Temkin, Freundlich, the linear
regression coefficient of determination (R?) was used to determine
the model that fitted best to the experimental values.
3.3.1. Langmuir Adsorption Isotherm
The Langmuir model assumes that the particles of this is due to the
tendency 2 The inhibitor adsorbs in a dense monomolecular layer on
the metal surface [39].
Where, K is the adsorption constant, it represents the relationship
between surface coverage and the inhibitor concentration. Large K
values mean better and stronger interaction between the inhibitor
molecules and the metal surface.
A correlation between coverage (0) defined by (IE %) and the
concentration of inhibitor (1) in electrolyte can be represented by the
Langmuir adsorption isotherm [40].

0/ (1-0)=K.[1I] (3) [40]
The value of adsorption constant " K ** at each inhibitor concentration
were calculated for 25C° as shown on tables (1) and (2). The obtained
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values of adsorption constant were used to determine the Gibb's free
adsorption energy (AGads), using the following equation [41]:
K=1/55.5¢e" (-AG ads /RT)  (4) [41].
Adsorption process on a surface in general, negative values of Gibbs
energy indicate ads in AG. it can be observed that all values using
both temperatures have negative signs, which thermodynamically
indicate that the spontaneous adsorption of inhibitor on the surface of
low carbon steel was enhanced (indicates the occurrence of
exothermic process). The negative value of also suggest the strong
interaction of inhibitor molecules with the
low carbon steel surface [42].
Langmuir adsorption isotherm was found to be best fit among these
four adsorption isotherms, a straight line with (R? = 0.9901 and R? =
0.9812) as shown in figure (3).
Table 1: Adsorption Energy of Sesamum indicum extracts at
25°C

indicum extracts

3.3.3. Freundlich Adsorption Isotherm:
The Freundlich model of isotherm adsorption has been chosen
fourthly to evaluate adsorption potential of the adsorbent and
adsorbed solution. The Freundlich isotherm is given by [44]:

Log 6 =logK ads +nlogI 6) [44]
Where K ads is the adsorption equilibrium constant, n is the
interaction parameter and | is the inhibitor concentration. As shown
in the figure (5) a perfectly linear plot was obtained with regression
constant (R?) (0.9516) and (0.873) at temperature of 25°C.
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0 00 00
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Table 2: Adsorption Energy of Artemisia extracts at 25 °C
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Fig3. Langmuir Adsorption Isotherm of Artemisia and Sesamum
indicum extracts

3.3.2. Temkin Adsorption Isotherm:

The Temkin model of isotherm adsorption contains a factor which
explicitly takes into account the interactions of ions of the aqueous
solution and the membrane (adsorbent - adsorbate). The surface
coverage values for "Artemisia and Sesamum indicum extracts" were
fitted into the Temkin adsorption isotherm model, which has the form

[43]:
Exp (-2a©)=K.C (5) [43]

K is the equilibrium constant of the inhibitor adsorption process, "a"
is the parameter of interaction between inhibitor molecules adsorbed
on the steel surface, and 6 is the degree of surface coverage, C is the
inhibitor concentration.

In figure (4), the obtained values of the correlation "R?" for inhibitor
temperatures at 25°C of Artemisia and Sesamum indicum extracts

were (0.9901) and (0.9812), respectively.
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Fig4. Temkin Adsorption Isotherm of Artemisia and Sesamum
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Fig5. Freundlich Adsorption Isotherm of Artemisia and
Sesamum indicum extracts
Conclusion
Sesamum indicum and Artemisia leaves are a natural sources of
material that can include antioxidants and other organic agents.
However, we can extract natural organic inhibitors from them easily,
to reduce material degradation for mild steels as an inhibitor in this
study. In this work mild steel bar weight reduction was observed,
measured, and properly recorded. With increasing concentrations of
the leaf extract from Sesamum indicum and Artemisia, it was
discovered that the rate of steel bar corrosion in the HCI solution
decreased. Clearly was observed that from corrosion rate
measurements and inhibitor efficiency, Artemisia extractor reduces
corrosion rate more than Sesamum extractor for the same
concentration used.

References

[1]- Fabrizio Zucchi and Ibrahim Hashi Omar, Surf Technol., 1985,
24(4), 391-399.

[2]- Peng Zhao, Qiang Liang, Yan Li<Electrochemical, SEM/EDS
and quantum chemical study of phthalocyanines as corrosion
inhibitors for mild steel in 1 mol/l HCI, Applied Surface Science
252 (5), 1596-1607, 2005.

[3]- AY El-Etre,Inhibition of acid corrosion of aluminum using
vanillin, Corrosion Science 43 (6), 1031-1039, 2001.

[4]- AY El-Etre, Inhibition of aluminum corrosion using Opuntia
extract, Corrosion science 45 (11), 2485-2495, 2003.

[5]- AY EI-Etre, Mm Abdallah, ZE El-Tantawy, Corrosion inhibition
of some metals using lawsonia extract, Corrosion science 47 (2),
385-395, 2005.

[6]- Corrosion inhibition of aluminium in acidic and alkaline media
by Sansevieria trifasciata extract, Corrosion science 49 (3),
1527-1539, 2007.

[7]- Kowsari, E., Payami, M., Amini, R., Ramezanzadeh, B.,
Javanbakht, M., 2014. Task-specific ionic liquid as a new green
inhibitor of mild steel corrosion. Appl. Surf. Sci. 289, 478-486.

[8]- R.S.B. Mohammed A. Amin, Sayed S. Abd El-Rehim, E.E.F.
ElSherbini, The inhibition of low carbon steel corrosion in
hydrochloric acid solutions by succinic acid Part I. Weight loss,
polarization, EIS, PZC, EDX and SEM studies, Electrochim.
Acta. 52 (2006) 3588-3600.

[9]- Finsgar, M., Jackson, J., 2014. Application of corrosion
inhibitors for steels in acidic media for the oil and gas industry:
A review. Corros. Sci. 86, 17-41.

[10]- A. Kadhim, R.S. Jawad, N.H. Numan and R.J. Al-Azawi,

59




Analytical study of global solar radiation and climate data for solar energy system applied at south of Libya

Abdalraheem & Omar.

Determination the wear rate by using XRF technique for Kovar
alloy under lubricated condition, Int. J. Comput. Appl. Sci.
(NOCAAS), 2017, 2, no. 1, 1-5.

[11]- M. Hanoon, D.S. Zinad, A.M. Resen and A.A. Al-Amiery,
Gravimetrical and surface morphology studies of corrosion
inhibition effects of a 4-aminoantipyrine derivative on mild steel
in a corrosive solution, Int. J. Corros. Scale Inhib., 2020, 9, no.
3, 953-966. doi: 10.17675/2305-6894-2020-9-3-10

[12]- Hubert Gréfen, Elmar-Manfred Horn, Hartmut Schlecker,
Helmut Schindler "Corrosion” Ullmann's Encyclopedia of
Industrial Chemistry, Wiley-VCH: Weinheim,
2002. doi:10.1002/14356007.b01_08.

[13]- A. A. El Hosary, R. M. Saleh and A. M. Shams El Din, Corros.
Sci., 12, 897(1972), DOI:10.1016/S0010-938X (72)80098-2

[14]- K. Srivatsava and B. Sanyal, Proc. Symposium of Cathodic
Protection, Defence Research Laboratory, Kanpur, India (1973)
1.4.

[15]- B.C. Srivatsava and B. Sanyal, Proc. Symposium of Cathodic
Protection, Defence Research Laboratory, Kanpur, India (1973)
1.2.

[16]- K. Srivatsava and P. Srivatsava, Br. Corros. J., 16, 221(1981),
DOI: 10.1179/000705981798274788

[17]- M. Librini, F. Robert, A. Lecante and C.Roos, Corros. Sci.,
2011, 53, 687 —695.

[18]- A. S. Fouda, S. Etaiw and W. Elnaggar, Int. J. Electrochem.
Sci., 2014, 9, 4866 —4883.

[19]- L.Li, X. Zhang,j.Lei,J. He, S. Zhang and F. Pan, Corros. Sci.,
2012, 63, 2.

[20]- N. Odewunmi, S. Umoren and Z. Gasem, J. Ind. Eng. Chem.,
2015, 21, 239.

[21]- M. Mageed, A. Sultan and H. Al- Sahlanee, J. Chem. Pharm.
Res., 2013, 5, 1297.

[22]- L. Atia, R. Salghi, L. Bammou, L. h. Bazzi, B. Hammoutiand
L. Bazzi, Acta Metall. Sin., 2012, 25, 10 —18.

[23]- C. Sells, O. Benali, B. Tabti, L. Larabi and Y. Harek, J. Mater.
Environ. Sci., 2012, 3, 206 —219

[24]- A.Y .El-Etre, M.Abdallah, Z.E.El-Tantawy, —Corrosion
inhibit ion of some metals using lawsonia extractl. Corros. Sci.
47(2) (2005) 385- 395. 12.0.K. Aboia, A.O. James, The effects
of Aloe vera extract on Corrosion and Kinetics of corrosio
process of zinc in HCI Solutionl, Corros. Sci. 52(2) (2010) 661-
664.

[25]- M.Lebrini, F.Robert, C.Roos, Inhibit ion effect of alkaloids
extract from Annonasquamosa plant on the corrosion of C38
steel in normal HCl mediuml, Inter.J.Electrochem.Sci. 5(11)
(2010) pp.1678- 1712.

[26]- R.Saratha, V.G.Vasudha, —EmblicaOfficinalis (Indian
Gooseberry) leaves extract as corrosion inhibitor for mild steel
in 1 N HCIl mediuml. E-Journal of Chemistry 7(3) (2010)
pp.677-684.

[27]- Y F.Barakat, A.M.Hassan, A.M Baraka, —Corrosion inhibit
ion of mild steel in aqueous solution containing HS by some
naturally occurring substancesl. Materialwissenchaft und
Werkstofftechnik 29(7) (1998) pp.365-370.

[28]- James A. O.andAkaranta O," Inhibition of corrosion of zinc in
hydrochloric acid solution by red onion skin acetone
extract".Res.J.Chem.Sci Vol. 1 (1) April (2011).

[29]- Abakedi OU. Inhibition of aluminium  corrosion
inhydrochloric acid solution by Stachytarpheta indica leaf
extract. Journal of Scientific and Engineering Research
2016;3(3):105-110.

[30]- H.Ma, S. Chen, B. Yin, S. Zhao, X. Liu, Corros. Sci. 45 (2003)
867.

[31]- Y.ELouadi, .Bouyanze,L.Majiadi,J.Paolini,J.Desjobert,
J.Costa, A.Chetouan, and B.Hammouti.Salvia offocinalis
essential oil and the extract as green corrosion inhibitor mild
steel in hydrochloric acid .journal of chemical and
pharmaceutical research, 2014,6(7),1401-1416.

[32]- Masouda Farhat,, Taha Abdullah, Faraj Mansour, Rbeeah
Alsadiq” Studying the effect of Moringa inhibitor on the
corrosion of mild steels in 0.5 M H2SO4 at temperatures 40 °C
and 50 °C, Academy journal for Basic and Applied Sciences

(AJBAS)Volume 4#3 December 2022.

[33]- M. T. Saeed et al, Corrosion inhibition of mild steel in 1 M HCI
by sweet melon peel extract, Journal of King Saud University —
Science 31, (2019), 1344-1351.

[34]- Sadeq Hooshmand Zaferani, et. al., Corrosion Inhibition of
Carbon Steel in  Acidic Solution by Alizarin  Yellow
GG (AYGQG), Iran, (2014).

[35]- A. Abdu Al-Zahra Rashqg Al-sadi, Study of Polarization Curves
for the Carbon Steel (X65-Steel) in Acidic Media memoir de
Master, Al-Qadisiya University, Irag,(2016).

[36]- Fuertenau D.W. The adsorption of surfactants at solid / water
interfaces in: Hair ML, editor. The chemistry of biosurafces,
(New York. 1971) 143.

[37]- C. Natarajan, C.D Sheela and P.R Athappan. Synthesis and
study of cobalt (II), nickel (1), copper (II) and zinc (Il )
complexes of 2-formyl- and 2-acetyl-cyclohexanones. Indian J
of Chemistry. 569-72(1990).

[38]- M. Sanchez and J. R. T.Aracona, J. Chil. Chem. Soc., 50 (1),
1(2005).

[39]- A.R.Patil, , K.J.Donde, , S.S.Raut, , V.R. Patil, and R.S.
Lokhande, Synthesis, Characterization and BiologicalActivity
of Mixed Ligand Co(ll) Complexes of Schiff Base 2-Amino-4-
nitrophenol-n-salicylidene with Some Amino Acids. Journal of
Pharmacy Research, 4, 1413-1425(2012).

[40]- Y.ELouadi, A.Bouyanze,L.Majiadi,J.Paolini,J.Desjobert,
J.Costa, A.Chetouan, and B.Hammouti.Salvia offocinalis
essential oil and the extract as green corrosion inhibitor mild
steel in hydrochloric acid .journal of chemical and
pharmaceutical research,2014,6(7),1401-1416.

[41]- R.K. Dinnappa, S.M. Mayanna, J. Appl. Elcreochem.11
111(1981).

[42]- Mohammed Suliman , Mohammed Alkilani , Taha Abdullah ,
Masouda Ali: The Effect of Methyle Carbazodithoate"
Corrosion inhibitor on Corrosion Behaviour of Low Carbon
Steels in Acid Solution at Different Temperatures” Journal of
Pure & Applied Sciences " ISSN 2521-9200, JOPAS Vol.18 No.
42019.

[43]- Ebenso, E. E, Eddy, N. O. and Odiongenyi, A. O. Corrosion
inhibitive properties and adsorption behavior of ethanol extract
of piper guinens is as a green corrosion inhibitor for mild steel
in H 2SO0 4. African Journal  of Pure and applied
chemistry, 2008, 11;107-115

[44]- Rupesh Kushwah, Inhibition of Mild Steel Corrosion in 0.5 M
H2SOa4 Solution by Aspirin Drug, Dept. Of Chemistry, Govt.
Dhar Polytechnic College, Dhar, M. P.(India), ISSN 2250-2459,
(2014).

CAS Vo0l.03 No. 01 2024

60


https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1002%2F14356007.b01_08

