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Axempaxm aucmoes Custard apple (CALE) 6vin npomecmuposan 011 oyenku sghpexmus-
HOCHU UH2UOUPOBGAHUA KOPPO3UN MAZKOU CHLAIU 8 KUCA0Hl cpede. Hccnedyembtit Memanauueckuii
cyocmpam cobupanu é meuenue 24 u nocie KOHMAKma ¢ KUC10moil 01 onpeodenenusn IPpex-
muenocmu unzuouposanusn kopposuu (CIE) u ckopocmu xoppo3zuu (CR) ¢ ucnonvzoeanuem zpa-
sumempuueckozo ananusza. Pezynomamol ucciedoeanus ovliau npumMeHeHsl 0713 u3yueHus aocopo-
UUOHHO20 nogedeHun u mepmoounamuieckux xapakmepucmux CALE kak nomeHyuanvnozo un-
2ubumopa Kopposuu 6 Kucioi cpede. Mazkasa cmanb ROKA3ana camyro 6blCOKyI0 CKOPOCHb KOPPO-
3uu 6 omcymcmeue unzuoumopa xopposuu ¢ 0,5 M pacmeope cepnoii kuciomst. Oonaxo naonw-
0a10Cb NOCMENneHHoe CHUMCeHUe CKOpocmu Koppo3uu c yeenudenuem konuenmpayuu CALE
(0,4-2,0 2/n). Ananozuunas mendenyus ommeuena ¢ IKCREPUMEHMAILHOM UHMEPBAle MeMne-
pamyp 298-328 K. Iloeedenue adcopouuu uccinedosanu ¢ Ucno1b308anuem mooeiell u3omepm ao-
copouuu Jlenemwopa, Temxuna, @peiinonuxa u Pnopu Xazzunca. Moodens uzomepmul aocopoyuu
Temkuna Hauayuwium 00pazom coomeemcmeyem IKCHEPUMEHMAanbHbIM OaHHbIM. Kpome mozo,
ompuyamensvHvie 3Ha4eHUA c60000HoU Inepeun aocopoyuu I'uooa (AGa) yoeoumenvrno ceude-
menvcmeyiom o cnonmannom xapaxkmepe aocopoyuu CALE na nogepxnocmu mazkoi cmanu. Yee-
auyenue Inepzuu axkmusauuu (E,) om 35,05 k/[rrc/monv 6 xonocmom pacmeope 00 68,03 k/lric/mons
npu konyenmpauuu CALE 2,0 2/n ceudemenvcmeyem 00 00pa3o8anuu 3auiumnoll nieHKu u3 mo-
JIeKyl UHZUOUmMOpa Ha NOGEPXHOCMU Memanna. 3nadenus Inmanvnuu aocopoyuu (AH=31,28—
73,79 K/lrc/monb) ¢ ouanazone konyenmpauuii (0-2,0 2/n CALE) noopazymesaiom ¢huzuueckyro
aocopoyulo, mo20a Kax ompuyamesvHvle 3Ha4enus Inmponuu (AS) npeononazarom céod00Hoe
osudicenue MoeKy1 unzuoumopa ¢ ooveme pacmeopa. Kpome mozo, o6vi1 npodemoncmpuposan
cunepzemuyecKuil Ihghekm ¢ CHUIICEHUU CKOPOCMU KOPPO3UU NPU covemanuu Ikcmpaxkma Aca-
cia concinna (ACE, 0,1-0,3 2/n) ¢ CALE, nosvuuarowuii oowyto hphexmuenocms unzudbuposea-
HUs KOppo3uu.

Kawuessie cioBa: nmuctes Custard apple, Acacia concinna, rpaBUMeTprUYECKUi aHAIN3, HHITHOHPO-
BaHHE KOPPO3UH, MATKAsl CTaTb
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Custard apple leaves extract (CALE) was tested to evaluate corrosion inhibition efficiency
for mild steel under acidic medium. The test metal substrate was collected over a period of 24 hr of
contacting with acid to determine the corrosion inhibition efficiency (CIE) and corrosion rate (CR)
using the Gravimetric analysis. The findings of the study were applied to examine the adsorption
behavior and thermodynamic characteristics for CALE as a potential corrosion inhibitor in acidic
environment. Mild steel exhibited the highest corrosion rate in the absence of a corrosion inhibitor
in a 0.5 M sulphuric acid solution. However, the rate of corrosion was observed to decrease grad-
ually with increase in CALE concentration (0.4-2.0 g/l). The similar trend was noted at the exper-
imental temperature range of 298-328 K. Adsorption behavior was investigated using the Lang-
muir, Temkin, Freundlich, and Flory Huggins adsorption isotherm models. The Temkin adsorp-
tion isotherm model provides the best fit to the experimental data. Besides, the negative values of
Gibb’s free energy of adsorption (4G,4) reveal strong evidence for the spontaneous nature of CALE
adsorption on mild steel surface. The increase in activation energy (E.) from 35.05 kJ/mol in the
blank test solution to 68.03 kJ/mol at 2.0 g/l concentration of CALE indicates the formation of a
protective film of inhibitor molecules on the metal surface. Adsorption enthalpy values (AH=31.28-
73.79 kJ/mol) over the concentration range (0-2.0g/l of CALE) implies physical adsorption,
whereas negative entropy values (4S) suggests free movement of inhibitor molecules in the bulk
solution. Additionally, a synergistic effect was demonstrated in lowering the corrosion rate by com-
bining Acacia concinna extract (ACE, 0.1-0.3 g/l) with CALE, thereby enhancing the overall cor-
rosion inhibition efficiency.
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tion of global researchers to minimize corrosion of ma-

INTRODUCTION ) i - . .
terials of construction of various equipments. Various

Equipments in the chemical as well as metal  organic and inorganic corrosion inhibitors have been

industries are continuously exposed to alkalis, acids,  studied by researchers to resolve the issue [2-3]. The
and different corrosive fluids [1]. This drew the atten-  theory of corrosion inhibition assumes that the inhibi-
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tor molecules diffuses from the bulk of the solution and
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become adsorbed on the metal surface, forming a pro-
tective thin layer that provides mass transfer resistance
against reactive species from the bulk of the solution to
the solid-liquid interface. Hetero-atoms from organic
inhibitor and inorganic inhibitors based on heavy met-
als demonstrated significant corrosion inhibition effi-
ciency [4-8]. The majority of these inhibitors are ex-
pensive and harmful to both human and environment.
This imposed the search of new corrosion inhibitors
that are affordable, eco-friendly, and effective.
Previous research has demonstrated the appli-
cation of bio-based products as corrosion inhibitors, in-
cluding fruits, seeds, leaves, roots, and extract from
plants. These naturally occurring corrosion inhibitors
have been presented as alternative to synthetic inhibi-
tors and are frequently employed as corrosion inhibi-
tors because they are inexpensive, readily available
and biodegradable in nature [1, 9]. Several researchers
have worked on extracts obtained from solid tea waste
[10], Rhus verniciflua [11], Argemone Mexicana [12],
Rothmannia longiflora [13], Acacia catechu [14],
Luffa cylindrica [15], Citrus aurantiifolia [16],

Haematostaphis barteri [17], Ficus tikoua [18], l'ubber
leaves [19], Pterocarpus santalinoides [20], Morinda
Tinctoria [21], and Borassus flabellifer coir dust [22].
Natural compounds such as polysaccharides and high
molecular surfactants have also been employed exten-
sively as corrosion inhibitors, since they significantly
reduce the rate of corrosion [9, 23]. Certain functional
groups of surfactants, which can either anodic or ca-
thodic, have an ability to adsorb on the metal surface
and create stronger linkages [2, 24]. Such type of char-
acteristic bonding forms more protective film on the
surface and provides greater resistance to corrosion
compared to the conventional inhibitor [24].

In the present study, alcoholic extract of Cus-
tard apple leaves was used to investigate its corrosion
inhibition behavior in 0.5 M sulphuric acid on mild
steel. The standard adsorption isotherms were used to
evaluate the corrosion mechanism, and the thermody-
namic parameters of adsorption were determined.
Moreover, the combined effect of Acacia concinna ex-
tract (ACE) with Custard apple leaves extract (CALE)
was studied.

MATERIALS AND METHODS

Custard apple leaves extract and electrolyte
solution preparation

Custard apple leaves from local area was col-
lected and washed several times with water to remove
dust and then air dried at 40 °C for 5 h. The dried leaves
were subjected to Soxhlet extraction with ethanol (1:3
wi/v) for 4 h. The extraction process Yyields a blackish-
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green liquid designated as Custard apple leaves extract
(CALE), used as a stock solution for corrosion inhibi-
tion studies. 0.5 M sulphuric acid solution was pre-
pared as corrosive media.

Metal substrate preparation

Standard grade mild steel (Fe-99.33%, Mn-
0.44%, Cu-0.06%, P-0.17%) strips were polished se-
quentially with Emery paper of various grades 400-
2000. The strips were then degreased with ethanol, ac-
etone and finally washed with distilled water.

Gravimetric studies

Mild steel strips (5 cm x 4 cm x 0.5 cm) were
weighed and immersed for 24 hin 0.5 M sulphuric acid
solution to study its corrosive effect on the metal sur-
face. The experiments were performed with and with-
out CALE as corrosion inhibitor at different concentra-
tions in acidic media. The identical experiments were
carried with 0.1 g/l CALE concentration at 298 K in
presence of ACE at different concentrations under oth-
erwise similar conditions. At the end of experiments,
metal strips were removed from the test solution,
washed with double-distilled water, dried and polished
with Emery paper to remove corrosion product formed
over the metal surface. Final weight of the strips was
recorded, and corrosion rate (CR), corrosion inhibition
efficiency (CIE) and surface coverage (6) was deter-

mined using Equation (1), (2) and (3) respectively.

AW X87600
~oar (1)

where AW = change in weight (gm), A = area of the
sample exposed (cm?), D = density of mild steel
(7.86 gm/cm?®) and t = exposed time (h).

CIE (%) = 22w « 100 )
where Wyo = change in weight without inhibitor (gm),
W,y = change in weight with inhibitor concentration
(gm).

CR (mmpy) =

(3)
where R, and R, are the corrosion rate with and without
inhibitor.

RESULT AND DISCUSSION

Corrosion rate (CR) and Corrosion inhibi-
tion efficiency (CIE)

The effect of variation in CALE concentration
across a temperature range of 298 to 328 K on CR and
CIE is presented in Fig. 1. It has been noted that CR
decreased and CIE increased as CALE concentration
increased at all working temperatures. The change in
CR was relatively higher at elevated temperature of
328 K than at lower temperatures 298, 308 K. This
might be the result of increased kinetic energy of the
interacting CALE molecules as temperature rises [25].
Increased CALE concentration augmented CIE, which
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at higher temperatures resulted in a considerable de-
cline in CIE. This could be due to decline in resistance
offered by adsorbed inhibitor molecules on the metal
surface as the temperature rises [26-27].
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Fig. 1. A plot of CR and CIE at various CALE concentrations
(0.5 M H2S04, 24 h) 01: CR-Blank, 02:CR-0.4g/l, 03:CR-0.8¢/l,
04:CR-1.2g/l, 05:CR-1.6g/l, 06: CR-2.0g/l, 07: CIE-2.0g/I, 08:
CIE-1.6g/l, 09: CIE-1.2g/l, 10: CIE-0.8g/l, 11: CIE-0.4¢/l, 12:
CIE- Blank
Puc. 1. Crkopoctb koppo3uu (CR) i HHTHGHPOBaHHOI KOPPO3HH
(CIE) npu paznuunbix konuenrpanusx CALE (0,5 M HzSOs,
24 4) 01: CR-Blank (6e3 unruburopa), 02:CR-0,4 r/n, 03:CR-0,8 1/,
04:CR- 1,2 r/n1, 05: CR-1,6 r/i1, 06: CR-2,0 r/n1, 07: CIE-2,0 r/n,
08: CIE-1,6 r/m, 09: CIE-1,2 r/n, 10: CIE-0,8 r/n, 11: CIE-0,4 r/n,
12: CIE- 6e3 unruburopa

Adsorption Isotherms

The corrosion protection approach involves
the surface coverage through adsorption of inhibitor
molecules on the metal surface. Hence, the nature of
interaction between CALE and the mild steel surface
was investigated using several adsorption isotherms
such as Langmuir, Temkin, Freundlich and Flory Hug-
gins models. The best fit isotherm to identify the ad-
sorption process was thus explained by utilizing the
values of the surface coverage () at various CALE
concentrations in acid media in the temperature range
of 298-328 K. The isotherms were constructed to de-
termine the surface coverage () according to follow-
ing equations:

Langmuir: LR-L1 4cCR 4)

0 Kaa
TemKin: 0 =logCR+K,q (5
Freundlich: logf =logK,; + nlogCR (6)

Flory Huggins: loggiR = blog(1 —8) + logK,, (7)
Plots of the experimental surface coverage (6)

and corrosion rate (CR) data adopted for these iso-
therms at different temperatures are displayed in Fig. 2.
The data was consistent with the models proposed by
Langmuir, Temkin, Freundlich, and Flory Huggins.
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However, based on the regression coefficients (R?) val-
ues obtained for each model, the Temkin isotherm was
identified as the best fit to explain the mechanism of
adsorption of CALE on metal surface in sulphuric acid
media. The equilibrium constant (Kag) values calcu-
lated from the Temkin plot for the studied temperature
range are listed in Table 1. The positive values of Kug
support the feasibility of adsorption of CALE inhibitor
molecules on the surface of mild steel. In addition, in-
crease in Kaqg values are noted for temperature rise im-
plies that the adsorbed inhibitor molecules are removed
from the metal surface and diffuses back into the bulk
acid solution [27].

Besides, this study also examined the feasibil-
ity and nature of adsorption by evaluating the change
in Gibb’s free energy of adsorption (AGag) at different
temperatures.

AGyq = —RT In(55.5K,4) (8)
where R is the gas constant (8.314 J/mol.K), T is the
absolute temperature, and the value 55.5 is the concen-
tration of water in solution expressed in M.

The AGaq values at all tested temperatures are
negative (Table 1) indicate that the adsorption of
CALE molecules onto steel surface is spontaneous pro-
cess. Typically, values of AGag up to —20 kJ/mol are
consistent with the electrostatic interaction (physical
adsorption), whereas values more than —40 kJ/mol in-
volves formation of coordinate covalent bonds (chem-
isorption). The calculated AGaq Values at each temper-
ature are much lower than 20 kJ/mol, which is indica-
tive of physical adsorption mechanism for CALE mol-
ecules to adhere on the surface of mild steel.

Table 1
Adsorption parameters for Temkin isotherm
Taonuya 1. llapametpbl adcopOuMU 11 M30TEPMbI

TemkuHa
Temp. (K) Kag (mol?) AGaq (kd/mol)
298 1.7529 -13.713
308 2.6313 -12.918
318 3.0027 -13.292
328 4.1372 -10.743

Thermodynamic study

A clear understanding of the potential mecha-
nism of inhibitor adsorption can be gained by analyz-
ing the temperature dependence of inhibition effi-
ciency and comparing the corrosion activation energies
in the presence and absence of inhibitor. Accordingly,
the Arrhenius equation was used to calculate the appar-
ent activation energy (Ea) for the corrosion process in
both the presence and absence of the CALE inhibitor.

logCR = —=2_ 4 logy 9)

 2.303RT
where y is Exponential factor.
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Fig. 2. Experimental data of corrosion rate and surface coverage fitting in various adsorption isotherm: (A) Langmuir: 01-328K,
02-318K, 03-308K, 04-298K, (B) Temkin: 01-298K, 02-318K, 03-308K, 04-328K, (C) Freundlich: 01-298K, 02-318K, 03-308K,
04-328K and (D) Flory-Huggins: 01-328K, 02-318K, 03-308K, 04-298K
Puc. 2. QKCHepI/IMeHTaJ'IBHBIe JAHHBIC 10 CKOPOCTU KOPPO3HUU U MOKPBITUIO TOBEPXHOCTH, OIICHIBAEMBIC PA3JIMYHBIMUA U30TEPMaMHU all-
copOrum: (A) Jlearmropa: 01-328K, 02-318K, 03-308K, 04-298K, (b) Temkuna: 01-298K, 02- 318K, 03-308K, 04-328K, (C) ®peitnn-
mmxa: 01-298K, 02-318K, 03-308K, 04-328K u (D) ®mnopu-Xarruuca: 01-328K, 02-318K, 03-308K, 04-298K

The Arrhenius plot of log CR against (1/T) is
shown in Fig. 3A for different concentration of CALE.
The linearization of the plot shows consistency with
experimental data (R? = 0.99). Table 2 presents the es-
timated values of Ea for mild steel in presence of
CALE (0.4 -2.0 g/l) in acid solution. The results
demonstrate that Ea value rises to 40.21 kJ/mol at 0.4 g/l
CALE compared to Ea = 35.05 kJ/mol in absence of
inhibitor. This is likely that the adsorbed CALE mole-
cules offered a physical barrier for the charge transfer
among the metal substrate and acid media, resulted into
lowered rate of corrosion. Also, Ea values were signif-
icantly increased with increasing CALE concentration
that suggests physical adsorption mechanism, where a
protective layers of inhibitor molecules is formed on
the metal surface, is becoming dominant. Conse-
quently, an improved mass transfer resistance is estab-
lished at higher CALE concentration in acid media that
prevents reactive species diffusing from the bulk of the
solution to metal surface [29-30]. In present work, the
values of the Ea are in the range of 35.05 - 68.03 kJ/mol
for CALE concentrations of 0.4-2.0 g/l. These values are

ChemChemTech. 2024. V. 67.N 7

relatively lower than the threshold value of 80 kJ/mol re-
quired for stronger interaction in chemisorption mech-
anism [31]. Therefore, it is confirmed that interaction
of CALE molecules that led to adsorption on the sur-
face of mild steel followed the physical adsorption.
An alternate representation of the Arrhenius
equation in the transition state for the dissolution and
adsorption process is given in Equation (10).

CR —-AH (1 R AS

log? = 2.303R (;) + [logﬁ + (2.303R)] (10)
where, h — Planck’s constant, Nh — Avogadro’s number.
The linear transition state plots of log(CR/T)

versus (1/T) for the respective CALE concentrations
and temperature (Fig. 3B) were used to estimate the
enthalpy (AH) and entropy (AS) of corrosion process
and are presented in Table 2. The positive values of AH
reflect the endothermic nature of steel dissolution pro-
cess. At higher CALE concentrations (1.6-2.0 g/l), the
values of Ea are slightly greater than corresponding
values of AH indicates that at higher CALE concentra-
tions corrosion process may be engaging hydrogen
evolution reaction, which would result into decreased
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total reaction volume. Further, the values of AH ob-
tained ranged between 31.28-73.79 kJ/mol at different
concentrations of CALE are much lower than 100 kJ/mol
and indicated a physical adsorption mechanism [29, 32].
The large and negative values of entropy (AS) reveal a
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decrease in disorderliness, implying the free movement
of CALE inhibitor molecules in the bulk acid solution
prior to be adsorbed on the surface of mild steel and
formed an activated iron-complex [33].
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Fig. 3. Arrhenius and Transition state plot for mild steel in absence and presence various concentrations of CALE: (A) Arrhenius plot of
log CR vs (1/T): 01-Blank, 02- 0.4 g/l, 03-0.8 g/l, 04- 1.2 g/l, 05- 1.6 g/l, 06- 2.0 g/, (B) Transition state plot of log (CR/T) vs 1/T : 01-
Blank, 02- 0.4 g/l, 03-0.8 g/I, 04- 1.2 g/, 05- 1.6 g/I, 06- 2.0 g/I
Puc. 3. T'paduk AppeHuyca U NepexoAHOT0 COCTOSIHHS JUISl MATKOH CTali B OTCYTCTBHE U B IIPUCYTCTBHH PAa3IMYHBIX KOHLEHTPALUH
CALE: (A) I'padux Appennyca log CR B 3aBucumoct ot (1/T): 01-kouTponsusrii, 02-0,4 /1, 03-0,8 /1, 04—1,2 r/n, 05-1,6 r/n, 06—
2,0 r/n, (B) I'paduk nepexomnoro cocrostaus log (CR/T) B 3aBucumoctu ot 1/T: 01-konTponsnsiid, 02-0,4 r/m, 03-0,8 /1, 04- 1,2 /71,
05- 1,6 /i1, 06- 2,0 r/n

Table 2
Thermodynamic parameters of CALE adsorption on
mild steel
Tabnuya 2. TepmoauHaMUYecKUe NapaMeTpbl a6copo-
nun CALE na MaArkoi crajiu

CALE Conc. Ea AH AS
(g/l) (kJ/mol) (kJ/mol) (J/mol.K)
Blank 35.05 31.28 -214.76
0.4 40.21 37.63 -217.37
0.8 49.51 46.97 -221.19
1.2 56.73 54.98 -225.10
1.6 63.14 66.72 -228.47
2.0 68.03 73.79 -228.81

Effect of Acacia concinna extract (ACE)

The cumulative effect of varying concentration
of ACE with CALE (1.0 g/lI) on rate of corrosion and
efficiency of corrosion inhibition at 298 K is illustrated
in Fig. 4. The corrosion rate (CR) was measured to be
13.14 mmpy with corrosion inhibition efficiency (CIE)
of 59.48% at 0.1 g/l of ACE concentration. Neverthe-
less, the rate of corrosion drops to 4.05 mmpy and the
inhibition efficiency rises to 89.56% at a concentration
of 0.3 g/l of ACE. This significant change with in-
crease in ACE concentration is attributed to the attach-
ment of characteristic groups to the mild steel surface.
This, in turn, creates a shield on the metal surface that
improves the effectiveness of corrosion inhibition [34].
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The assessment of experimental data obtained for com-
bination of ACE and CALE on corrosion inhibition also
followed Temkin adsorption isotherm (R? = 0.928). The
calculated values of K,sand AGqq are 1.075 mol? and
-18.02 J/mol respectively.
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Fig. 4. Plot of CR and CIE at various ACE concentrations (CALE
conc. 1.0 g/l, 298 K, 24 h): 01- CR, 02- % CIE
Puc. 4. 3aBucumoctu CR u CIE nmpu pa3in4yHbIX KOHIIEHTpa-
usax AII® (kounentpanus CALE 1,0 v/, 298 K, 24 q):
01- CR, 02- % CIE

CONCLUSIONS

Extract of Custard apple leaves was found to
be an effective corrosion inhibitor in 0.5 M sulphuric
acid media within the temperature range studied. The
adsorptive interaction of CALE molecules on the metal
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surface showed physical adsorption mechanism as
confirmed by the Temkin isotherm fit to the experi-
mental data and the negative AGaq Values implies the
spontaneity of the adsorption process. Further, the ad-
dition of extract of Acacia concinna with CALE
showed a synergistic effectiveness in inhibiting the
corrosion of mild steel. Thus, present work provides an
efficient method of using ACE as surfactant material
in compound with vegetal origin CALE inhibitor to
prevent metal surface corrosion.

The authors declare the absence a conflict of
interest warranting disclosure in this article.

A6m0pbl sasaensaiom 0o omcymcmeuu KOH-
@ruxma unmepecos, mpedyue2o packpvlmus 8 OaH-

HolU cmampbe.
REFERENCES
JIUTEPATVYPA

1. Akinbulumo O.A., Odejobi O.J., Odekanle E.L. Thermo-
dynamics and adsorption study of the corrosion inhibition of
mild steel by Euphorbia heterophylla L. extract in 1.5M HCI.
Results Mater. 2020. V. 5. P. 100074. DOI: 10.1016/j.rinma.
2020.100074.

2. Kolokolnikova A.S., Kransnovskikh M.P., Ponomarev
D.A., Shcherban M.G. Influence of a water-miscible surfac-
tant-based cutting fluid on the corrosion of R6M5 steel in a
neutral medium. ChemChemTech [lzv. Vyssh.Uchebn. Zaved.
Khim. Khim. Tekhnol.]. 2022. V. 65. N 4. P. 39-46 (in Rus-
sian). Koaokosibnukosa A.C., Kpacuosckux ML.IL., ITonoma-
pes J.A., llepoans M.I'. BrusHue BOJOCMEIIMBAIOIIEHCS
CMasquo-oxnama}omeﬁ JKUOKOCTU Ha OCHOBE IIOBEPXHOCTHO-
AKTUBHBIX BEIECTB Ha Koppo3uto cramu P6MS B HelTpanbHOI
cpene. M36. y306. Xumus u xum. mexronozus. 2022. T. 65.
Beim. 4. C. 39-46. DOI: 10.6060/ivkkt.20226504.6546.

3. Shein A.B., Plotnikova M.D., Rubtsov A.E. Protective prop-
erties of a number of thiadiazole derivatives in sulfuric acid
solutions. ChemChemTech [lzv. Vyssh.Uchebn. Zaved. Khim.
Khim. Tekhnol.]. 2019. V. 62. N 7 (in Russian). P. 123-129.
Ilenn A.B., [lnotHukoBa M.J., PyouoB A.E. 3ammrHse
CBOMCTBa psiia MPOM3BOAHBIX THAMAa30Jla B PacTBOpax cep-
HOU KHCIOTHL. M38. 8y306. Xumua u xum. mexnoaoeus. 2019.
T. 62. Bem. 7. C. 123-129 (in Russian). DOI: 10.6060/ivkkt.
20196207.5968.

4. RaoB.A.,Rao M.V, Rao S.S., Sreedhar B. N, N-bis (phos-
phonomethyl) glycine, Zn?* and tartrate—A new ternary inhib-
itor formulation for corrosion control of carbon steel. Int. J.
Mater. Chem. 2013. V. 3. P. 17-27.

5. Menshikov I.A., Shein A.B. Protective properties of «Sol-
ing» series inhibitors in acidic media containing hydrogen sul-
phide. ChemChemTech [lzv. Vyssh.Uchebn. Zaved. Khim.
Khim. Tekhnol.]. 2018. V. 61. N 7. P. 91-98 (in Russian).
MenbmukoB U.A., lllenn A.B. 3amuTHbIC CBOHCTBA MHIHU-
6uropos cepuu «ConalHr» B KHCIBIX CEPOBOJIOPOICOAEPIKA-
X cpenax. M36. y306. Xumus u xum. mexuonoaus. 2018. T. 61.
Bem. 7. C. 91-98. DOI: 10.6060/ivkkt.20186107.5703.

6. Rumyantseva N.P., Belova V.S., Balmasov A.V. Study of the
influence of nitrogen containing inhibitor on the corrosion re-
sistance of structural steel. ChemChemTech [Izv. Vyssh.Uchebn.
Zaved. Khim. Khim. Tekhnol.]. 2020. V. 63. N 11. P. 65-70 (in
Russian). Pymsinuesa H.IL., Berosa B.C., Baamacos A.B.
HccnenoBanue BIMSHUS a30TCOJEPIKAILIETO HHTHOUTOPA HA KOP-
PO3HOHHYIO CTOMKOCTh KOHCTPYKIIMOHHBIX CTanei. M38. 6)3086.

ChemChemTech. 2024. V. 67.N 7

10.

11.

12.

13.

14.

15.

16.

17.

18.

Jitendra Kisan Shinde et al.

Xumust u xum. mexnonoeus. 2020. T. 63. B 11. C. 65-70. DOI:
10.6060/ivkkt.20206311.6222.

Menshikov I.A., Shein A.B. Protection against corrosion of
low carbon steel in acid environments with soling series in-
hibitors. ChemChemTech [lzv. Vyssh.Uchebn. Zaved. Khim.
Khim. Tekhnol.]. 2016. V. 59. N 2. P. 70-73 (in Russian).
MenbmukoB U.A., llleun A.B. 3amura oT KOppo3uu Majio-
YIIEPOAUCTOHN CTalM B KUCIBIX CpeiaX HHIMOUTOPAMH CEPHU
conuHr. M36. 8y308. Xumus u xum. mexnonoeus. 2016. T. 59.
Beim. 2. C. 70-73. DOI: 10.6060/tcct.20165902.5265.
Katkova S.S., Levashova V.1. Synthesis and study of inhibi-
tory properties of gaternary ammonium salts based on ami-
noethylethanolamine. ChemChemTech [lzv. Vyssh.Uchebn.
Zaved. Khim. Khim. Tekhnol.]. 2017. V. 60. N 3. P. 72-76 (in
Russian). Karkosa C.C., Jleamosa B.!. Cunres u uccie-
JOBAaHHUC I/IHFI/I6I/IpyIOI_III/IX CBOMCTB aMMOHMIHBIX COJIEH Ha
OCHOBE aMHHOASTHIIATAHOJIaMUHA. H36. 8Y3086. Xumus u xum.
mexnonozus. 2017. T. 60. Bem. 3. C. 72—76. DOI: 10.6060/
tcct.2017603.5484.

Alaneme K.K., Olusegun S.J. Corrosion inhibition perfor-
mance of lignin extract of sun flower (Tithonia diversifolia)
on medium carbon low alloy steel immersed in H2SO4 solu-
tion. Leonardo J. Sci. 2012. V. 20. P. 59-70.

Pal A., Das C. A novel use of solid waste extract from tea
factory as corrosion inhibitor in acidic media on boiler quality
steel. Ind. Crops Prod. 2020. V. 151. P. 112468. DOI:
10.1016/j.indcrop.2020.112468.

Prabakaran M., Kim S.H., Hemapriya V., Gopiraman
M., Kim I.S., Chung I.M. Rhus verniciflua as a green cor-
rosion inhibitor for mild steel in 1M H2SOs. RSC Adv.
2016. V. 6. P. 57144-57153. DOI: 10.1039/C6RA09637A.
Ji G., Shukla S.K., Dwivedi P., Sundaram S., Prakash
R. Inhibitive effect of Argemone mexicana plant extract on
acid corrosion of mild steel. Ind. Eng. Chem. Res. 2011. V. 50.
P. 11954-11959. DOI: 10.1021/ie201450d.

Akalezi C.O., Oguzie E.E., Ogukwe C.E., EJele, E.A. Roth-
mannia longiflora extract as corrosion inhibitor for mild steel
in acidic media. Int. J. Ind. Chem. 2015. V. 6. P. 273-284.
DOI: 10.1007/s40090-015-0050-z.

Haldhar R., Prasad D., Bhardwaj N. Experimental and the-
oretical evaluation of acacia catechu extract as a natural, eco-
nomical and effective corrosion inhibitor for mild steel in an
acidic environment. J. Bio- Tribo-Corros. 2020. V. 6. P. 76.
DOI: 10.1007/s40735-020-00368-5.

Ogunleye O.0O., Arinkoola A.O., Elett, O.A., Agbede O.O.,
Osho Y.A., Morakinyo A.F., Hamed J.O. Green corrosion
inhibition and adsorption characteristics of Luffa cylindrica
leaf extract on mild steel in hydrochloric acid environment.
Heliyon. 2020. V. 6. e03205 p. DOI: 10.1016/j.heli-
yon.2020.e03205.

Saratha R., Priya S.V., Thilagavathy P. Investigation of
Citrus aurantiifolia leaves extract as corrosion inhibitor for
mild steel in 1 M HCL. E- J. Chem. 2009. V. 6. P. 785-795.
DOI: 10.1155/2009/107807.

Ishak A., Adams F.V., Madu J.O., Joseph 1.V., Olubambi
P.A. Corrosion inhibition of mild steel in 1M hydrochloric
acid using Haematostaphis barteri leaves extract. Procedia
Manuf. 2019. V. 35. P. 1279-1285. DOI: 10.1016/j.promfg.
2019.06.088.

Wang Q., Tan B., Bao H., Xie Y., Mou Y., Li P., Chen D,
Shi Y., Li X., Yang W. Evaluation of Ficus tikoua leaves ex-
tract as an eco-friendly corrosion inhibitor for carbon steel in
HCI media. Bioelectrochemistry. 2019. V. 128. P. 49-55. DOI:
10.1016/j.bioelechem.2019.03.001.

125



Joxurennpa Kucan lllunne u mop.

19.

20.

21.

22.

23.

24.

25.

26.

27.

126

Okewale A.O., Olaitan A. The use of rubber leaf extract as a
corrosion inhibitor for mild steel in acidic solution. Int. J. Mater.
Chem. 2017. V. 7. P. 5-13. DOI: 10.5923/j.ijmc.20170701.02.
Ahanotu C.C., Onyeachu 1.B., Solomon M.M., Chikwe I.S.,
Chikwe O.B., Eziukwu C.A. Pterocarpus santalinoides leaves
extract as a sustainable and potent inhibitor for low carbon steel
in a simulated pickling medium. Sustain. Chem. Pharm. 2020.
V. 15. P. 100196. DOI: 10.1016/j.scp.2019.100196.
Krishnaveni K., Ravichandran J., Selvaraj A. Effect of
Morinda tinctoria leaves extract on the corrosion inhibition of
mild steel in acid medium. Acta Metall. Sin. (Engl. Lett.).
2013. V. 26. P. 321-327. DOI: 10.1007/s40195-012-0219-9.
Nathiya R.S., Perumal S., Murugesan V., Raj V. Evaluation of
extracts of Borassus flabellifer dust as green inhibitors for alumin-
ium corrosion in acidic media. Mater. Sci. Semicond. Process.
2019. V. 104. P. 104674. DOI: 10.1016/j.mssp.2019.104674.
Roy P., Karfa P., Adhikari U., Sukul D. Corrosion inhibi-
tion of mild steel in acidic medium by polyacrylamide grafted
guar gum with various grafting percentage: Effect of intramo-
lecular synergism. Corros. Sci. 2014. V. 88. P. 246-253. DOI:
10.1016/j.corsci.2014.07.039.

Zhu Y., Free M.L., Woollam R., Durnie W. A review of
surfactants as corrosion inhibitors and associated modeling.
Prog. Mater. Sci. 2017. V. 90. P. 159-223. DOI: 10.1016
/j.pmatsci.2017.07.006.

Rani B.E., Basu B.B.J. Green inhibitors for corrosion protec-
tion of metals and alloys: an overview. Int. J. Ccorros. 2012.
P. 1-15. DOI: 10.1155/2012/380217.

Ebenso E.E., Alemu H., Umoren S.A., Obot I.B. Inhibition
of mild steel corrosion in sulphuric acid using alizarin yellow
GG dye and synergistic iodide additive. Int. J. Electrochem.
Sci. 2008. V. 12. P. 1325-1339. DOI: 10.1016/S1452-3981
(23)15527-1.

Hegazy M.A., Ahmed H.M., El-Tabei A.S. Investigation of the
inhibitive effect of p-substituted 4-(N,N,N-dimethyldodec-
ylammonium bromide) benzylidene-benzene-2-yl-amine on

28.

29.

30.

31.

32.

33.

34.

corrosion of carbon steel pipelines in acidic medium. Corros. Sci.
2011.V.53.P. 671-678. DOI: 10.1016/j.corsci.2010.10.004.
Shukla S.K., Ebenso E.E. Corrosion inhibition, adsorption
behavior and thermodynamic properties of streptomycin on
mild steel in hydrochloric acid medium. Int. J. Electrochem.
Sci. 2011. V. 6. P. 3277-3291. DOI: 10.1016/S1452-3981
(23)18251-4.

Erna M., Herdini H., Futra D. Corrosion inhibition mecha-
nism of mild steel by amylose-acetate/carboxymethyl chi-
tosan composites in acidic media. Int. J. Chem. Eng. 2019.
DOI: 10.1155/2019/8514132.

Ebenso E.E., Eddy N.O., Odiongenyi A.O. Corrosion inhib-
itive properties and adsorption behaviour of ethanol extract of
Piper guinensis as a green corrosion inhibitor for mild steel in
H2SO0u4. Afr. J. Pure Appl. Chem. 2008. V. 2. P. 107-115.
Wills B.A. Mineral processing technology. International Se-
ries on Materials Science and Technology. Oxford: Pergamon
Press.1984. V. 9. 450 p.

Avci G. Corrosion inhibition of indole-3-acetic acid on mild steel
in 0.5 M HCI. Colloids Surf. A: Physicochem. Eng. Asp. 2008.
V. 317. P. 730-736. DOI: 10.1016/j.colsurfa.2007.12.009.
Attari H.EL, lahmadi K., Siniti M. Adsorption and inhibitive
properties of tetradecyltriméthylammonium chloride for the
corrosion of carbon steel in acid sulfuric. Int. J. Latest Trends
Eng. Technol. 2015. V. 6. P. 423-434.

Obot 1.B., Ebenso E.E., Gasem Z.M. Eco-friendly corrosion in-
hibitors: adsorption and inhibitive action of ethanol extracts of
Chlomolaena odorata L. for the corrosion of mild steel in H2SO4
solutions. Int. J. Electrochem. Sci. 2012. V. 7. P. 1997-2008. DOI:
10.1016/S1452-3981(23)13857-0.

IHocmynuna 6 pedakyuio 13.12.2023
Ipunsma x onybnurxosanuro 19.03.2024

Received 13.12.2023
Accepted 19.03.2024

W3B. By30B. XuMus u xuM. TexHonorus. 2024. T. 67. Beim. 7



