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Abstract

The inhibitory activity of ethanol extract dferium oleander leaf (NOLE) on carbon
steel corrosion in 0.5 M and 1.0 M of hydrochlaaimd solutions was studied by weight
loss method and electrochemical techniques. Thibitrdn efficiency fjw) increased
with an increase in the concentration of NOLE amdemperature. Polarisation curves
indicated that NOLE acts as a mixed type of inbibiThe changes in charge transfer
resistance (R with increasing inhibitor (i.e. NOLE) concent@ti assured the
adsorption of the inhibitor onto the metal surfagée results offw, np (inhibition
efficiency obtained from polarisation study) amel(inhibition efficiency obtained from
impedance analysis) are in par with each otherfaSermorphology study uncovered
the coating of the inhibitor molecule on the meiaiface. The phenomenon of physical
adsorption has been established based on thetiohilefficiency of the inhibitor with
change in temperature.

Keywords carbon steel, corrosion inhibitionNerium oleander leaf extract,
electrochemical techniques.

Introduction

Pickling is defined as a chemical or electrocheimpracess in which surface
oxides are removed from the metal [1]. It is a canmmethod for cleaning steel
products. Aggressive acid solutions are extensiusld for acid pickling. The
most commonly used acids in industrial processhgidzochloric acid, sulphuric
acid and nitric acid. Hydrochloric acid is usedpickling baths, because of its

" Corresponding author. E-mail addressckiaselvi.jo@ktr.srmuniv.ac.in



J. Arockia Selvi et al. / Port. Electrochim. Acta 38 (2020) 387-400

regeneration from the depleted pickling solutioheTise of acid makes the metal
structures to corrode causing economic losses. égpickling is carried out
using acid with some additives, called corrosidmbitors. Most of the corrosion
inhibitors in an acidic medium are organic compaurdntaining hetero atoms
such as nitrogen, sulphur and oxygen. However, #ineynot eco-friendly and are
very expensive. Due to such limitations, there driae for searching suitable
eco-friendly corrosion inhibitors, extracted fromat parts that contain different
organic compounds such as alkaloids, tannins andoaatids. Natural products
extracted from leaves, seeds or barks of plantg leeen utilized as corrosion
inhibitors for carbon steel along with the picklibbgth solution. Salghi et al.
showed the decrease in the corrosion rate of G38 st an acidic medium, in
the presence of green tea extract [2]. Thao andgBmundied the relative stable
nature of 3.00 g t of caffeine as corrosion inhibitor, for about 18ysd, in an
acidic medium [3]. The effectiveness of pickling atids increased with an
increase in temperature. However, the objects maostbe pickled at higher
temperatures. The inhibitors adsorbed onto the Irsatéace should be stable at
the operating temperature of the pickling bath. &ffect of temperature on the
corrosion inhibition efficiency of natural produciss also investigated. Verma
and Khan studied the effect of temperature anditdri concentrations on mild
steel corrosion usindryophyllumpinnatum leaf extract. They found that the
inhibition efficiency increased as the inhibitor ncentration increased, but
decreased as the temperature increased, thus gbégingmuir adsorption
isotherm [4]. Desai studied the influence of Ankd@alotropisgigantea) leaves
on mild steel corrosion in an acidic medium, whigére found to obey Temkin’s
adsorption isotherm [5]. Kairi and Kassim studiée inhibition efficiency of
Curcuma longa extract at different temperatures, and found ithats physically
adsorbed onto the metal surface with an endothemaiction [6]. Alaneme et al.
showed that the functional groups O-H, C—N and tungeed C=C, present in
Hunteria umbellata adsorbed onto the metal surface, obeyed Langmuir
adsorption isotherm [7]. Inhibition was essenti&ligh by adsorption through the
functional groups present in the extract, while teivation energies and
Langmuir adsorption isotherms confirmed the medmanito be physical
adsorption [8]. Fouda et al. found that the spoewais physical and chemical
adsorption ofThevetiaperuviana extract obeyed Temkin adsorption isotherm on
C-steel in 1 M of ydrochloric acid [9]. Thus, theepent work investigates the
inhibition efficiency ofNerium oleander leaf extract on carbon steel corrosion by
weight loss method and electrochemical techniqieermodynamic adsorption
parameters were used to clarify the adsorption vbebea of an inhibitor at
different temperatures (303-288 K) in 0.5 and 1 M™ hgdrochloric acid
solutions.

Materials and methods
Preparation of metal specimen

Chemical composition of the carbon steel specimes weasured using
Optical Emission Spectrometer (Foundry-Master, W&8rmany) by Chemical-
OES test, according to the ASTM E415-15 method)(€19%, Mn: 0.760%, Si:
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0.239%, P: 0.014%, Ni: 0.028%, Cr: 1.079%, Mo: @%7 Cu: <0.001%, Nb:
<0.002%, W: <0.010% and V: 0.050%). The metal spea with the
dimensions 1.0 x 4.0 x 0.2 énwas polished to a mirror finish, degreased with
acetone and used for the weight loss method.

Preparation of Nerium oleander leaf extract

100 g of shade air-drieerium oleander leaves were soaked with 1000 mL
of reagent grade ethanol for 24 h. The ethanolatism was filtered and heated
at 60 °C for removal of ethanol. The stock solutidrthe Nerium oleander leaf
extract was prepared by dissolving 1 g of driedattin dimethyl sulphoxide
and diluting it to 100 mL with distilled water. Was filtered again to remove
suspended particles, and the filtrate was usetlftrer studies.

Weight loss method

The volume of the experimental solution (corrosmedium) was 100 mL.
The hydrochloric acid was used as an experimentatisn. The metal coupons
were put into the experimental solution with théphef hooks. The experiment
was carried out in the absence and presence @freliif extracts concentrations.
The initial weights of the metal coupons were nots®l then these were
completely immersed into the experimental soluabB0 °C, for about 1 h. After
the period of immersion, the metal coupons werenasut, washed thoroughly
with distilled water, dried and weighed. The fivegight was noted. From the
initial and final weights of the metal coupons, tbss in weight was calculated
and tabulated. The corrosion rate can be calculagedy the following equation
[10]:

_KxW
PAL

(1)

where W is the weight loss (mg) after exposure tifnes the area of the exposed
specimen (if), p is the density of specimen (g €jrand t is the time of exposure
(h). K is a constant and its magnitude dependshersystem of used units. The
inhibition efficiency from weight loss was calcwddtas follows:

U, —v
My %0==>

x100 (2)

0

where o and v represents the corrosion rate of the metal witlama with the
inhibitor, respectively.

Electrochemical techniques

Potentiodynamic polarisation study was carriedusimg (Bio-Logic Science
Instruments, Seyssinet-Pariset, France) a thredretke cell assembly. The
working electrode was a rectangular specimen diarasteel with one face of
the electrode constant with 1 €wf exposed area. A saturated calomel electrode
(SCE) was used as reference electrode. A timevadtef 30 min was given for
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the system to attain a steady-state open circugnpi@al. The potentiodynamic
current—potential curves were recorded by chanthegelectrode potential from
-0.025 to 0.025 V vs OCP with a scan rate of 1 mV Botential (E) vs log
current (I) plots were then recorded. The resslish as corrosion currentdf)
and corrosion potential (&), were determined from E vs log | plots. Tangents
were drawn on the cathodic and anodic polarisatarves. The inhibition
efficiency (p) was calculated using the following equation:

0/ — Icorr - I corr(inhi)
1, %=—"""—"""0x100 (3)

corr

where Lkor and Lorr(inhiy represent corrosion current density values withamd
with the inhibitor, respectively. Electrochemicatpedance spectroscopy (EIS)
study was carried out in the frequency range fré@rkiiz to 0.01 Hz, with 10
mV AC amplitude. The values of charge transferstasice (B and double-layer
capacitance (& = 1/2fmaRy) were extracted from non-linear least square fit
results of impedance data’(#)). The inhibition efficiency was estimated using
the following relation:

’7R%: Rt(inhi) - Rt %100 (4)

(inhi)

where R and Rinniy are the charge transfer resistance for carborl stene
absence and presence of the inhibitors, respegtivel

Field emission scanning electron microscopic stuslie

The carbon steel specimens were immersed in blaskyell as inhibitor
solutions, for a period of 1 h, after which the @peens were taken and dried.
The nature of the film formed on the surface of thetal specimens was
analysed by various surface analysis techniquee Sinface morphology
measurements of carbon steel were examined useng-Eh Quanta FEG 200
high-resolution scanning electron microscope (SENbHdel. It provided the
information about the sample surface topography.

Results and discussion
Weight loss measurements

The weight loss (W), corrosion rate)(and inhibition efficiency fw) were
calculated from the results of weight loss study ddferent concentrations of
inhibitor (NOLE) in steps of 50 to 250 ppm, in both5 M and 1.0 M of
hydrochloric acid solutions, and are shown in Tabl@he comparison of W)
andnw of carbon steel exposed to 0.5 and 1.0 M of hydos acid solution, as
a function of NOLE concentration, is shown in Flga)—(c), respectively. Fig.
1(a) displays the reduction in weight loss (W) oktal coupons with an
increasing concentration of NOLE in both cases && nd 1.0 M of an
hydrochloric acid medium, respectively. The samadrobserved in the case of
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corrosion ratey) is as shown in Fig. 1(b). The data from Tabldeady show
that the values of W and for 1.0 M of hydrochloric acid were fivefold highe
than those for a 0.5 M of the acidic hydrochloriedium. As it can be seen from
the figure, the decreasing trend of both paramefé/sand v) has shown
uniformity in either of the acidic solutions. Howesythe decrease in the W and
parameterslominates at higher concentrations (greater th@ppdn), and this is
due to the fact that an increasing concentratioN©OLE induced an adsorption
of the inhibitor onto the metal-solution interfadg@esides, the decrease was
found to be bi-exponential in both cases. This aydue to the two different
ways of adsorption: one relating to the uniform aagdon at the aforesaid
interface, where the concentration ranged to themmam of 100 ppm of NOLE;
and the other relating to the slow adsorption asaturated level of the
concentrations above 100 ppm of NOLE. On the dilaed, Fig. 1(c) exhibits an
exponential growth ofjw as a function of NOLE concentration. As observed
from W andvu, nw also displays a bi-exponential nature. Hence, rémilts
demonstrate high inhibition efficiency of 83.1% &8@19% for the concentration
of 250 ppm of NOLE in 0.5 and 1.0 M of hydrochloaicid, respectively.
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Figure 1. Comparison of) weight loss (mg)b) corrosion rate (mpy) and) inhibition
efficiency (%) studied for carbon steel in 0.5 dn@ M of hydrochloric acid solutions,
respectively.

The corrosion rate decreases from 390.1 to 65.7% mp0.5 M of

hydrochloric acid, and from 1893.5 to 569.5 mpyli@ M of the hydrochloric
acid solution with 250 ppm of NOLE. The studies evextended to other acidic
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media [11]; however, from the present study, th&aioled results indicate that
NOLE could act as an excellent corrosion inhibiboran hydrochloric acid
solution. The studies were carried out at diffetemiperatures ranging from 303
to 328 K, in order to study the temperature eftecNOLE inhibition efficiency.

Table 1. Corrosion rates (mpy) for carbon steel immerselyarochloric acid without
and with inhibitors, and the inhibition efficiensig) obtained by weight loss method.

Acidic Concentration of Weight loss,W Corrosion rate,U (%)
medium NOLE (ppm) (mg) (mpy) "
0 8.9 390 —
50 7.1 311 20.2
100 5.1 224 42.6
0.5 M
150 2.7 118 69.6
200 1.8 79 79.7
250 1.5 66 83.1
0 43.2 1894 -
50 34.3 1503 20.6
1.0 M 100 215 242 202
150 17.2 754 60.1
200 13.4 587 68.9
250 13.0 570 69.9

Effect of temperature on corrosion inhibition

The effect of temperature on the corrosion inhapitefficiency of NOLE for
carbon steel in 0.5 and 1.0 M of hydrochloric asautions was studied by
weight loss measurements, in the absence and peesé250 ppm of NOLE at
three different temperatures: 308, 318 and 328Hh€ results are shown in Table

2. The inhibition efficiency increased with a risethe temperature from 308 to
328 K.

Table 2. Corrosion rates for carbon steel immersed in wariacidic solutions in the

absence and presence of inhibitors at various teahpes (303, 308, 318 and 328 K)
for about 1 h.

Acidic | Concentration Temperature (K)
medium of 303 308 318 328
NOLE CR Hw CR Hw CR Hw CR Hw
(PPm) (mpy) | (%) | (mpy) | (%) | (mpy) | (%) | (mpy) | (%)
05M 0 390 - 28,285 - 25,984 - 24,515 -
250 66 83.1 21,399| 1356 21,228 18|32 9174 72.62
1.0M 0 1894 - 33,119 - 40,855 — 46,562 -
250 570 | 69.9 15,955 51.83 17,568 57.0 10,471 7.1

The inhibitor showed maximum IE of 13.56% at 308viich increased to

72.62% at 328 K in 0.5 M of hydrochloric acid. Sanily, in 1.0 M of
hydrochloric acid, 51.83% of IE increased to 77.H4g. 2 shows the decrease in
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the corrosion rate values in 1.0 M of hydrochl@aid were higher or lower than
those in 0.5 M of hydrochloric acid in the absefigank) and presence of 250
ppm of NOLE. Fig. 3 shows the Langmuir adsorptisotherm by plotting log
(6/1-6) against log C for both 0.5 and 1.0 M of hydrochd@cid solutions. The
plot gave a linear relationship with? Ralues (0.9818 and 0.9450), indicating the
strong adherence to Langmuir adsorption isothe@h [The standard Gibbs free
energy AGas9 and equilibrium constant @4 are calculated at different
temperatures for 250 ppm of NOLE using the follogvielations [13].

AG’, = —2.303RT log( 55.K,) (5)

(7]
K. = 6
ads C(l_g) ( )
where@ =n / 100, the degree of surface coverage of the nsetdhce and C is
the inhibitor concentration, R is the universal gamstant, T is the absolute

temperature and 55.5 is the concentration of waténe solution (mol t2). The
values of KgsandAG agsobtained from the above equation are listed ind'8b
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Figure 2. Effect of temperature on the corrosion rates obaarsteel in(a) 0.5 M of
hydrochloric acid an@) 1.0 M hydrochloric of acidic solutions, respeetiy for blank
and 250 ppm of NOLE.
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Figure 3. Langmuir isotherm for the adsorption of the intobibnto the surface of
carbon steel in 0.5 and 1.0 M of hydrochloric aspdutions by using surface coverage
values calculated by weight loss method at 303 K.
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It is noted thatAGas values decreased with an increase in temperature,
indicating a strong and spontaneous adsorptioheofrthibitor molecule onto the
metal surface [14]. The negative value of standae#® energy reveals the
spontaneity of the adsorption of the inhibitor otite metal surface [15]. Also,
the increase in the equilibrium constantad shows the maximum surface
coverage ), with an increase in concentration as well aseimperature [16].
Generally,AG’ags values of -20 kJ mdlor lower (less negative value) show the
mode of adsorption as an electrostatic interadbeiveen the charged inhibitor
molecule and the charged metal surface (physismptiThose with more
negative values than - 40 kJ moinvolve charge sharing or transfer from the
inhibitor molecules to the metal surface to fornc@ordinate type of bond
(chemisorption).Hence, the adsorption of NOLE onto the metal serfa
regarded as physical adsorption, since the cakulihalues ofAG ags vary from -
15.96 to -23.43 kJ mdland -16.01 to -21.54 kJ mblin 0.5 M and 1.0 M of
hydrochloric acid solutions, respectivelyG’ags value decreased (more negative
value) with a rise in temperature in both the acichedia, indicating a strong
binding between the inhibitor molecule and the metaface. However, the
adsorption was still physical adsorption ratherntféhemical adsorption, as
AG’agsvalues were still lower than -40 kJ riol

Table 3. Equilibrium constant and standard free energyesalior carbon steel in 0.5
and 1.0 M of hydrochloric acid solutions in the ggece of different concentrations of
NOLE at 303 K and at various temperatures for 2% pf NOLE.

Concentration of Concentration of
NOLE K —-AG ads NOLE K —AG ags (kJ
(PPm) "] (k3 mol?) (PPm) " moly
(temperature 303 K) (temperature 303 K)
0.5 M HCI 1.0 M HCI
50 10.1 15.96 50 104 16.01
100 29.7 18.66 100 40.3 19.43
150 91.6 21.50 150 60.3 20.45
200 157.0 22.86 200 88.6 21.42
250 196.7 23.43 250 92.9 21.54
Temperature (K) Kag —-AG ads Temp(ir)ature Ko —-AG adgs
ads -1 ads -1
(250 ppm of NOLE) (kJ mol™*) (250 ppm of NOLE) (kJ molt)
0.5 M HCI 1.0 M HCI
308 6.3 14.99 308 43.0 19.92
318 9.0 16.42 318 53.0 21.12
328 106.1 23.68 328 1347 24.33

Potentiodynamic polarisation curves
Potentiondyanamic polarisation curves for carbeelsn 0.5 M and 1.0 M of
hydrochloric acid solutions, in the absence andqaee of inhibitor (NOLE) at
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303 K, are shown in Fig. 4. Addition of NOLE to thgdrochloric acid solutions
decreased remarkably the corrosion rate by shiftirey anodic and cathodic
curves to lower current densities. The adsorptibthe inhibitor onto the metal
surface increased in the presence of 250 ppm of ByGthich was confirmed
with the decrease in the corrosion current derssifidhe corrosion parameters,
such as corrosion potentialc6R), corrosion current densitiesdlf), anodic tafel
slope (k) and cathodic tafel slope b obtained from potentiodynamic
polarisation curves, are shown in Table 4.

-460 (a) 05 MHC
o= 0 ppm NOLE
-480 = 250 ppm NOLE
==
E 500
a
2 520
-540
5 -3 5 -2 -1 0
-460- (h) 1.0 MHCI
=0 ppm NOLE
5 -480 4 = 250 ppm HOLE
E
T
-
z -500 |
w
-520

1.5 -1.0 -0.5 0.0 0.5 1.0
log (| <I>/mAl)
Figure 4. Potentiodynamic polarisation curves of carbon ste€l.5 M of hydrochloric
acid(a) and 1.0 M of hydrochloric acig) without and with NOLE.

The positive shift in &r value by the addition of the inhibitor shows
predominantely the control of the anodic reactidawever, the displacement of
the Eor value is about 11 mV from that of the blank sauatiThis reavels that
the inhibitor acts as a mixed type of inhibitor [13]. The corrosion current
densities (o) drastically decreased from 486.61 to 133.44 pA?cmith the
addition of 250 ppm of NOLE in 0.5 M of hydrochlomcid, showing  74.65%
ne. Similarly, in 1.0 M of hydrochloric acid, theok value decreased from
1041.34 to 491.16 pA cimwith 250 ppm of NOLE, showing 52.83%. The
increase in corrosion inhibition efficiency in tpeesence of NOLE is attributed
to the adsorption of the inhibitor molecule onte thetal surface[16].

Table 4. Electrochemical polarisation parameters obtainedcémbon steel in 0.5 and
1 M of hydrochloric acid solutions without and wNIOLE.

Acidic Concentration Ecorr oo Ba Be CR -
medium of NOLE (mv vs (pAcm?) | (mV decl) | (mVdech) | (mpy) | (%)
(Ppm) SCE)
05M 0 -523 487.61 38 41 217 -
' 250 =515 133.44 39 40 59 72.58
10M 0 =510 1041.34 49 39 465 -
' 250 =505 491.16 39 40 219 52.83
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Electrochemical impedance spectroscopy

Fig. 5 illustrates the Nyquist plot from EIS stugli®r carbon steel in 0.5 M
and 1.0 M of an hydrochloric acid medium in the ealuz and presence of
inhibitor (NOLE); the solid line corresponds toems$t-squares fitting procedure
adopted Z-fit using EC-lab software. Table 5 conlsdés the fit results obtained
from the fitting of impedance data in the absenu@ presence of NOLE at 250
ppm in 0.5 and 1.0 M of an hydrochloric acid medium both acidic media,
complex impedance data were found to be a depressattircle, rather than a
perfect semicircle, indicating the frequency dispar effect. Depressed
semicircle is best represented by the constantepledsment (CPE), which
describes the heterogeneity in the system [19Wluth impedance is given by
the expression:

7]
K ., =
" C(1-9)

()

where Q is the magnitude of CPE7{s" cni?), j is the imaginary number?(f
-1), and w is the angular frequency (radMoreover, n accounts for non-ideal
behaviour, when it is & n > 1, resulting from non-uniform diffusion of the
inhibitor molecules. This non-ideal behaviour maigedue to different physical
phenomena such as surface inhomogeneity resultong surface roughness,
inhibitor adsorption and porous layer formation.eTthouble-layer capacitance
(Ca)) can be simulated via CPE from the following relat20]:

Cy =Q (277 )" (8)

1.0 MHCI
o 0ppmHNOLE
4 250 ppm NOLE

—HLLS fit

S MHCI
20| = 250 ppm HOLE
|=—=MLLS fit

)
ﬂ
T T T T T T T T T I
0 20 60 80 o

Zia) = 5 Zia
Figure 5. Nyquist plot for carbon steel in 0.5 M and 1.0 Mlofdrochloric acid

solutions without and with NOLE. The solid line si®mthe nonlinear least squares
analysis (NLLS) fit routine.

T T
15 20

The depressed semicircle constituent of the tirmstamt corresponds to parallel
combination of charge transfer resistancg @Rd double-layer capacitances{iC
It indicates that the charge transfer processemgluhe polarisation upon the
application of AC field were unaffected by the mmese and absence of the
inhibitor; however, the presence of the inhibitocreased the (Rralue to 51Q
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cn? (for 250 ppm) from 3.82 cn? (for 0 ppm) and exhibited the enhanced
inhibition, due to passivation of the inhibitor the metal surface for 0.5 M of
hydrochloric acid. The increasing: fdicates the increasing impedance and
decreasing corrosion rate due to the inhibitor gmes. This result was well
supported by the corrosion rates studied througlyhwdoss method. On the

other hand, @ was found to decrease from 394 (0 ppm) to 78 u¥ (@50 ppm)

in 0.5 M of hydrochloric acid. The decrease m\@lue shows the formation of a
protective film on the metal surface. This indicatieat the inhibitor adsorption at
the metal/solution interface prohibits the chargengfer by increasing the: R
values. Thus, 92.94 % and 88.94% of inhibitionoé$ncies qr) were observed
for 250 ppm of NOLE in 0.5 M and 1.0 M hydrochloracid medium,
respectively.

Table 5. Electrochemical impedance parameters obtainedddron steel in 0.5 and
1.0 M of hydrochloric acid solutions with differemoncentrations of NOLE as
corrosion inhibitor.

Acidic NOLE Rs Rt Qui Cal n fmax yR
media | concentration | (Qcm?) | (Qcmd) | (MQIs"em™2) | (UF cntd (Hz) | (%)
(ppm)

05M 0 0.6 3.6 1.785 394 0.819 672 -
250 1.6 51 0.261 78 0.831 203 | 92.94

1.0M 0 2.4 1.9 0.309 171 0.935| 1441 -
250 1.6 17.5 0.467 110 0.816 | 419 | 88.94

SEM analysis

The surface morphology of the metal specimen imaterf®r 1 h, in the
absence and presence of 250 ppm of NOLE, in 0.:d#11a0 M of hydrochloric
acid solutions, was examined by scanning electramascopy. The images are
shown in Fig. 6.

Figure 6. SEM images of carbon steel immersed in 0.5 M afrbghloric acid without

(a) and with(b) inhibitor and in 1.0 M of hydrochloric acid withb(c) and with(d)

inhibitor.
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The micrographs revealed the presence of pits ennthtal surface which
might be created due to the liberation of hydrogas in the acidic medium (Fig.
6a). As the acid concentration was increased, maeater of the pit became very
large and the latter was full of black corrosionduct (Fig. 6¢). This is due to
the continuous attack of *Hion and Ct ion on the metal surface, which
accelerated the corrosion rate with the increase hydrochloric acid
concentration [21]. Images shown in Fig. 6b and Big) reveal that the metal
surface was densely covered by the inhibitor mdéscut is very interesting to
note that the needle-structured inhibitor molecalésorbed onto the active sites
of the metal surface reduced the corrosion rat&adion steel in the hydrochloric
acid medium.

Conclusions

The ethanol extract of NOLE acts as a good corrogiaribitor for carbon
steel in 0.5 M of hydrochloric acid. It has beerurfid that the inhibition
efficiency of the inhibitor increases with an ingse in the concentration of
NOLE and also with an increase in temperature.mbgimum IE was 83.1%w
for 250 ppm of NOLE in 0.5 M of the hydrochloricidcsolution. Further, the
experimental data obeyed Langmuir adsorption isoth&he negative value of
standard free energy reveals the spontaneity adrptisn of the inhibitor onto
the metal surface. The increase in equilibrium tams(Kag9 value showed the
physisorption of the inhibitor molecule onto thetatesurface. The inhibitor was
adsorbed onto the metal/solution interface, deargathe corrosion rate of
carbon steel, acting as a mixed type of inhibited aontrolling both the anodic
and cathodic reactions. The inhibitive action igstltontrolled by concentration
and temperature, and the data obtained are in ggi@@ment witmw, Np andnr.
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