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Abstract: The essential oil oBantolina pectinataerial parts (SP oil) was extracted by hydrodistillation and
analyzed byGas Chromatographys(C) andGas Chromatographylass Spectrometr§fGC/MS). 34 components
were identified accounting 59.4%f the total oil, which(Z)-heptadecd 0,16dien7-one (ZHD) was the major
componenwith 28 %of the oil The protective effect of this oil on the corrosion of mild steel (MS) in 1M HCI
solution was tested by the measurements of Weight loss (WL), potentiodynamic polarization (PDP),
electrochemical impedance spectroscopy (EIS). From WL measuretheimsibiting effect was raised with the
increasing of both concentration inhibitor and temperature. PDP curves led to atypieéthibitor. The charge
transfer process mainly controls the results of EIS measursriiéetSP oil adsorptiomot only was discovered
to obey Langmuir isotherm but showedremical interaction as welfhe computational methodsich as density
functional theory (DFT)Monte Carlo (MC) and radial distribution function (RDF) simulatiomere also
performed to anabBe the possible contribution of @HBeptadecd0,16dien7-one (ZHD) to the corrosion
prevention effect of global oil.

Keywords: Santolina pectinathag, Essential oil(Z)-heptadecd 0,16dien-7-one, Mild steel; Corrosion

1. Introduction Santolina pectinatd.ag. is, Botanically, a synonym
) . of Santolina rosmarinifoliasubsp. pectinata Lag.

In the broad spectrum of industries, MS tendency to Maire. It is an endemic herbaceous mediginal
corrosion is caused by aggressive acids such asaromatic plant originating from North Mediterranean,
hydrochloric and sulphuriecids, which are widely  mainly found in the Iberian System, North Africa and
used in the pickling processes of met&lsTherefore, principally in the eaern Baltic mountains®. In
tremendous efforts are being made in orieblock Morocco, this species, Known
or delaythe attack of this metal in numerous corrosive natural plant which often grows, frequently with
media.The use of corrosion inhibitors is viewed as the Cedrus atlanticaand Abie spinsapopn calcareous
best way to prevent the corrosiohmetal surface$ substrates in 1500 m above sea level. On the other
Almost all inhibitors of corrosion are synthetic hand, it is associate with Quercus ilex and

) . ) o Q. canariensisat lower levels’. S. pectinatd_agis
organic compounds Owing to the high cost, toxicity,  an infrequently studied IberiaMaghreb endemic
and dangerous effects of synthesized corrosion and, to our knowledge, only one study has
inhibitor > ¢, the search for green alternatives that are jnvestigated the chemical composition of essential oil
ecofriendly and nortoxic to protect health and  of this plant collected at Pontones (Jakn) from

ensure human security is ptesentattractive’” *°. In Spain?% The phytochemical analysis and biological
our laboratory, a great deal of research has beencharacteristics ofSantolina species from various
carried out to study inhibitive effeassing plant origins havealso beerwidely dealt with?%, Previous
extract on the corrosion of steel in acidic metfi&. studies have shedn evidence the presence of

In this study, our focus is chiefly put dneessential  terpenoids, such asgermacrane sesquiterpenoids,
oil of Santolina pectinata (Lag(Figure 1. chrysanthemane  monoterpenoids  eudesmane,
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flavonoids and coumarins and other secondary
metabolites*?".
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Figure 1. Santolina pectinata (Lag.)n its native haliat in southeastern of Morocco

Many Santolinaspecies have been used in traditional
medicine for a long timé*?% 2°. The main objective
of the current research is to study the preventive

impact of SP oil as a substance naturally acting on Wz; ¢

corrosion behavior of MS in 1M HCI solution.
ZHD is quite likely the major active ingredient which
is responsible for the corrosion inhibition of SP oil. To
demonstrate that ZHD is really responsible for the
anticorrosion effect, this molecule is isolated by
fractionation of essential oil using successieumn
chromatography. After that, a comparative study of
SP oil and ZHD alone is carried out. More than that,
so ado clarify the interactions between ZHD and the
surface of the iron metatomputational calculations
based on DFTRarr functionsanalysis, MC and RDF
simulations were also performed.

2. Experimental details

2.1. Inhibitors

The experimental phase followed in the current study
such as extraction of SP oil, oil fractionation and
isolation of ZHD, GEMS and NMR analysis have
been mentioned according to a formerly described
experimental procedure in our work’ The
concentratiomange of SP oil was 0.25¢/L in acidic
media.

2.2.Corrosion test

2.2.1 Preparation of materials

MS (2 cmx2 cm)coupons containing 0.09 wt.% (P),
0.38 wt.% (Si), 0.01 wt.% (Al), 0.05 wt.% (Mn), 0.21
wt.% (C), 0.05 wt.% (S) and the remainder iron (Fe)
were used to measure weight lo3he corrosive
medium is1 M HCI was prepared by dilution of HCI
(37%) with distilled water.

2.2.2 Weight loss measurements

The specimens of steel wemeeticulously washed in
doubledistilled water, dried and then weighed after 6
hours of immersion(100 ml corrosive solution)
Weight loss enabled ugo calculate the mean
corrosion rateas expressed in mg.émh?l. The
corrosion rate (Wcorr) and also the inhibition

effectiveness Ew (%) were calculatbdsed orthe
Egs. (1) and (2)espectively:

am

@)

Ew %= Wco'chorrTifrUO

WCOI’I’

)

wheregm (mg) is the specimen weight before and
after immersion in the tested solution, Wcorr and
Wocorr(inh) are the values of corrosion weight losses
(mg/ent.h) of MS in uninhibited and inhibited
solutions, respectively, S is the area of the mild steel
specimen(cn?) and t is the exposure time (h). The

degree of surface coverage was calculated using

gz WNeoWeorr(inn

Wcorr

®)

Wheredis surface coverage; Wcorr (inh) is corrosion
rate for steel in the presence of inhibitor, Wcorr is
corrosionrate for steel in the absence of inhibitor

2.2.3 Electrochemical studies
Electrochemicaimeasurements were conducted in a
conventional threelectrode electrolysis cylindrical
Pyrex glass cell. The working electrol#E) in the
form of disc cut from steel has a geometric area of
1 cn? and is embedded ipolytetrafluoroethylene
(PTFE). A saturated Ag/AgCl electrode and a disc
platinum electrode were used respectively as
reference (RE) and counter electrodes (CE).

The corrosion inhibitiorefficiency was derived as
given below:

% b — pPTI TT (4)
Where ko, lcorrinh @and represent the corrosion current
densities not including and by way of the existence of

inhibitor.

Electrochemical impedance spectroscopy
measurements were achieved at the open circuit
potential for the frequency range of 100 KHz to
10 mHz, using a peato-peak voltage excitation of
10 mV.
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The inhibition efficiency k: (%) was calculated from

R: using the followingequation;

% P

Where Ra n d. afe he charg&ransfer resistance
values without and with inhibitor respectively; iR

p T

the diameteof the loop.

The doubldayer capacitance ¢} and the frequency
at which theémaginary component of the impedance
is maximal {Zmax) are found determined by Eq. (6):

o
whered

C BE
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Impedance diagrams are obtainedtf@frequency

range 100 KH10 mHz at the open circuit potential
for MS steel in 1 M Kl in the presence and absence

of SP oil.

2.3.Computational details

The optimized geometry of thanajor extract
component was performed utilizing DFT methtd
using program Gaussian 09 in the scheme of
B3LYP hybrid functionaF® with the 6311G++(d,p
basis set*. Then, the local electrophilic,*Pand
nucleophilic, P, Parr functions® are obtained from
the analysis of the Mullikeratomic spin density
(ASD) at the radicahnion and at the radical cation by
adding and removing an electron to the studied
inhibitor, respectively. Concerning MC and RDF

simulations %%’ the iron surface (111) is buil

Biovia Materials studio 8.0°® as follows: slab
thickness of 45 A, a supeell of (7*7) and a vacuum
of 30 A along the ox, oy and oz axis in a simulation
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box Fe(111) (i.e., Lx=Ly=Lz= 30 A) with periodic

boundary conditions to model a representative part of

the interface without any arbitrary boundasffects.
The build surface of Fe (111) is optimized using
Materials studio DMol*3 at the DNP+ basis and

B3LYP functional.
simulation goals to study alignment and adsorption

Besides,

the complete MC

behavior in two environments: at first, smvacuum
(one molecule of ZHD and Fe(111) surface) and
secondly, in solution (one molecule of ZHD, 10
entities of oxonium ions (#0*), 15 molecules of

water and Fe(111) surface) using COMPASS Il force

field *° by means the adsorption locator module
integrating in BioviaMaterialsstudio version 8.0. The

adsorption behavior was evaluated through RDF

analysis using Forcite calculation cdd€eThe intense
peak happened from 1 A up to 3.5 A, which is

considered a sign of small bond length, which

correlates to chemical adstign. The physical
adsorption, on the other hand, is associatét the
intense peak that is longer than 3.5,

3. Results and discussion

3.1. Essential oil composition
The use of CC, GRI, GGMS, ESI (+}MS, 1D and
2D-NMR analyses contributed theidentification of

SP oil.

Then,

hydrocab o n

34 components were
accounting 59.4% of the total amount. The SP oil was
dominated by oxygenated compounds (47.9 %) while
compounds

identified,

di dnot

oil. A nortterpenic oxygenated compouné., (Z)-
heptadecd 0,16dien7-one (ZHD) was the major
component with 28 %of the oil (Table 1 and

Figure 9 %,

Table 1. Chemical composition db. pectinataLag. aerial parts essential .oil

Na

© 00 N o 0o~ W N P

el <
g h W Nk O

Components®
Cineole 1,8
Limonene
(2)-b-Ocimene
(E)-b-Ocimene
Nonanal
Linalool
Cis Sabinene hydrate
b-Thujone
Camphor
Lyratol
Borneol
UTerpineol
Estragole
Cuminaldehyde
p-Anisaldehyde p

Ir Lit ©
1024
1024
1029
1041
1076
1086
1083
1103
1123
1150
1150
1176
1175
1217
1215

Ir apo 9
1019
1021
1025
1036
1081
1083
1097
1107
1121
1138
1149
1172
1175
1212
1214

Ir pol © % f
1206 0.1
1199 0.2
1231 1.6
1247 0.1
1394 0.1
1544 0.2
1553 0.4
1422 0.4
1519 0.5
1779 0.4
1689 0.3
1684 0.2
1661 0.5
1779 0.9
2028 0.6

exce
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16 Peryllaldehyde 1248 1248 1768 1.6
17 Lyratyl acetate 1270 1257 1634 0.2
18 E-Anethole 1262 1263 1813 4.1
19 Bornyl acetate 1270 1269 1573 0.8
20 Thymol 1266 1272 2190 0.2
21 Undecar2-one 1273 1276 1586 0.6
22 Carvacrol 1278 1278 2214 0.6
23 U-Copaene 1379 1371 1489 0.6
24 Methyleugenol 1369 1374 2000 0.2
25 Isocaryophyllene 1409 1403 1570 0.2
26 E-Caryophyllene 1421 1416 1593 6
27 E-b-Farnesene 1446 1447 1661 1.2
28 U-Curcumene 1473 1470 1765 0.3
29 Germacrene D 1479 1475 1701 1.3
30 Spathulenol 1572 1564 2105 1.1
31 Caryophyllene oxyde 1578 1570 1967 3.4
32 Dillapiole 1590 1591 2338 1.2
33 Tau cadinol 1633 1625 2154 1.3
34 (2)-heptadecal0,16dien-7-one 1834 2242 28
Total identified 59.4
Hydrocarbon monoterpenes 1.9
Oxygenated monoterpenes 6.8
Hydrocarbon sesquiterpenes 9.6
Oxygenated sesquiterpees 5.8
Nonterpenic oxygenated compounds 28.7
Others 6.6

aQrder of elution is given on apolar coloumn (Rfx

b Normalized % abundances of oil are given on the apolar column
¢ Retention indices frortheliterature on thepolar column

d Retentionindices on the R4 apolarcolumn

¢ Retentionindices on the Rtxvax polarcolumn

f Percentage composition is given on the apolar column

17

Figure 2. Chemical molecular structure a4HD

3.2.Corrosion tests In this paragraph, we determine the WL of the MS
3.2.1. Effect of temperature sample in corrosive solution with and without
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different concentrations ofSP oil at different
temperatures (30843K). The values of percentage
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inhibition efficiency & (%) and the corrosion rate
(W) obtained are summarizedimble 2

Table 2. Weight loss results for MS in 1 M HCI with and without different concentratiormgjoéous extratt

different temperatures.
C

QL) 308 K 313K 323K 333K 343K
w Ew W Ew w Ew w Eu (%) w Ew (%)
(mg/cneh) (%)  (mg/ecn?h) (%) (mglen?h) (%) (mg/cn?h) (mg/cn?h)
0.00 0.942 éé 1.751 éé 2.836 éé 3.641 éé 6.301 é é
0.25 0.254 73.03 0.420 76.01 0.637 77.54 0.813 7767 1401 77.76
0.50 0.194 79.4 0.344 80.35 0.554 80.46 0.700 80.77 1.200 80.95
1.00 0.150 84.07 0.245 86.00 0.369 86.98 0.441 87.88 0.687 89.09
2.00 0.131 86.09 0.221 87.37 0.338 88.08 0.373 89.75 0.598 90.51
3.00 0.096 89.8 0.155 91.14 0.230 91.88 0.257 92.94 0.399 93.66

The results Table 9 show that inhibitive efficiency
Ew (%) goes up considerably with the increaséhim
concentration oSP oil indicating that the extent of
inhibition depends on the concentration tfis
inhibitor.

Besides, we notice that these findings demonstrate

that the effectivenessf E, (%) depends on the
temperature and increasefhen it rises from 308 to

343 K. More than that, when the concentration

reached to 3 g/L, the effectivenesg)Eeached a high
value 0f93.66% in 1 M HCI solution at 343 KThis

increase can be attributed to the strong adsorption of
SP oil resulting in the formation of a protective layer
on the steel surface

3.2.2. Polarization tests

The PDP curves of MS in 1 M HCI solution without
and witha concentration d8P oil at 308 K are shown

in Figure 3. Current density ¢r), corrosion potential
(Ecory , cathodic and anaréi c
the polarization parameters. These parameters and
inhibition efficiency (E%) are calculated from the
Tafel curves and arsummed upn Table 3

100
104
— :
N 4
g L
3
& 014

— ~+ +0.25 g/L SP oil

+0.50 g/L SP oil

001 4 — v +1.00 g/L SP oil

+2.00 g/L SP oil

< +3.00 g/L SP oil

1E-3 T T T T T T T
B0- w0 o s w0 0
E (mV/SCE)

Figure 3. Polarization curves of MS in 1 M HCL with and without SP oil at various concentrations at 308 K

It is obvious fromFigure 3that the fact of adding SP
oil has an inhibitive effect in both the anodic and
cathodic parts of thpolarizationcurves. This reveals
a modification of the mechanism of cathodic
hydrogen evolution and alsbeanodic dissolution of

steel. This of course, indicates that inhibitor
consideraly blocks the corrosion process of MS
thanks to the adsorption of an organic compound
(heteroatom such as oxygen)

Table 3. Electrochemical paramete MS in 1 M HClcontaining different concentrations of SP oiBaBK.

C (g/L) - Ecor (MV SCE)

lcor (MA cm?)

-bc (m ba Ei%

(r

Taf e
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0 490.1 0.5779 147.4 748
0.25 480.0 0.2214 163.0 57.0 62.00
0.50 480.0 0.1840 159.2 54.0 68.16
1.00 490.0 0.1243 150.6 52.1 78.50
2.00 490.0 0.0907 142.6 42.0 84.50
3.00 480.0 0.0865 143.2 43.1 85.03

Examinationof the data inTable 3shows that the reveals that th&P oildiminishesthe corrosion of MS

corrosion current densities {f) go down in HCI solution and behave as a mixed tyfie

significantlywith the increase of SP oil concentration.

Correspondingly, the inhibition efficienciib), goes 3.2.3. Electrochemical impedance spectroscopy

up with the inhibitor concentration to reach its (EIS)

maximum value, 85.03 %, at 3 g/Chis behavior Nyquist plots of steel in 1M HClat various
concentrations of this oil are givenhigure 4.

—=— 1M HCL 1 100 Hz
1204 . 4025 a/L SP oil e /
+0.50 g/L SP oil £ / 10Hz
1 v +100g/LsPoi = . L
90 4 +2.00 g/L SP oil PRl .. Aoon
- < +3.00 g/L SP oil f : i\
= I oy e
] . 7
¢ 60 100Hz " ‘/
\-_rE - - T Ty - /',f' // 4 5
N hil ot el v 4 !
! by - v X 1.00 Hz
30 4 ::l# P e e
av gt s o . ’;::/ ‘v;' /‘ .‘,r"
.%- ’””"‘M ‘;’/ (‘;;
0 /%‘ oo iﬁ’
T T T 4 T v T T T b T . T
0 30 60 90 120 150 180
Z (Qu.cm’)
Figure 4. Nyquist plots of MSn 1 M HCL containing various concentrations of SP oil
CPE
Rs —
Ret

Figure 5. The equivalent circuit used to fit the EIS experiment data

Moreover the impedancepectra present one single
capacitive loop which indicatesthat the charge
transfer takes place at the electrode/solution interface
4 What is moreis that these capacitive loops are not
the perfect semicircles because of c@mmon
dispersion effect “6. that has been attributed to
roughness and other inhomogeneities of solid
surface*’.

The addition of theSP 0il (0.25 3g/L) studied to the
corrosive solution leads to an increase in the diameter
of the depressed semicircular form. The diamefer
Nyquist plots rises with increasing inhibitor
concentration. The latter asserts the adsorption of the
inhibitor on the metal surface.

Table 4. Characteristic parameters evaluated from the impedance diagram for MS in 1 M M&fioals
concentrations o8P oil.
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C (g/L) Ra ( Yerm) f max(Hz) Cdl (UF cm?) Ert®
0.00 21.69 100 7337
0.25 067.2 50 47.35 67.73
0.50 078.6 50 40.51 72.39
1.00 126.8 31 39.67 82.98
2.00 166.2 31 38.30 86.95
3.00 169.4 31 37.58 87.19

We can conclude from the data obtained aboutent hal py @HAa were ca)l cul

impedance Table 9 that the B values go up as a

M. Manssouriet al.

result of inhibitor concentration and in consequence Egs7 and8 °C.
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and its alternative formulation called transition state

the Bk goes up to reach the highest value 87.19% at where E°a is the appareatttivation corrosion energy,

3 g/L. On the other hand, the decreasedrnsCaused T is the absolutéemperature, R is the universal gas

by theadsorption of the inhibitor on the metal surface constant, A is thérrhenius preexponential factor, h

leading to the formation of film or complex from isthePl ank ds conAsvaagadr oNdsi sn u nmbee

acidic solutiorf®. Addition of SP oil resulted in lower @S A a ierdropyt df activatorand @HAa s t}
Ca values, probably because of thistitute of water enthalpy of activation.
molecules by the inhibitor molecules at the electrode The activationeneraies are inferred from the slope
surfaceThe (EIS) results of these capacitive loops are (-E°a/R) of the & agrithm of the corrosion rate (V\?)
simulated by the equivalent circuit shownHigure5 . 9 .
4 In the equivalent circuit, Ris the electrolyte versus reciprocal absolute temperatufegi(re 6).
resistanceR.: the charge transfer resistance apdsC Their values were reported Tiable 5 Using more E_q
the double layecapacitancé® (8 plots qf Ln (W/T) versus BT (Figure7) result in
' straight lines with a slope of-cpHAa/ R) and an
3.3. Kinetic/Activation parameters intercept ofC Ln ( R/ Nh) —+ (@SAalR)) T
The following study consistsf calculatingactivation ?i/s'f:e(; ir:JszTe 5 of ®HAa and ®=5Aa were
parameters of the corrosion reaction suchictisation )
energy EAa act i andtadivctorent r opy ®@SAa
7 | Agp-2 ©)
7 2Agp &ogpl’ (8)
2,0 -
- =  HCL 1M
1,54 ® +0.25g/L,
_ [ +0.50 g/L
1,0 - . v +1.00g/L
: +2.00 g/L
05_' .| € +3.00g/L
ﬁl: T~ .
w° 0,04 - .
. BDe ® -
g -
2 1,04 « ¢« - - -
= - e .
1,5 o « e, (s
2,0 > b
- ‘<'
'2'5 T ! T T T T T T Y T T T
2,90 2,95 3,00 3,05 3,10 3,15 3,20 3,25 3,30
107K )

Figure 6. Arrhenius plots foMS corrosion rates (W) in 1M HGh the absence and presence of different

concentrations oBP oil
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Table 5.Calculatedralues of kinetiparameters for MS corrosion in 1 M HCI solution in the absence and presence

Ln (W/T)mg.cm’ K

M. Manssouriet al.

40l w
45 _
5,0 _
55 _-
-6,0—- -
-6,5—- ;
7,0 _
75 _

-8,0 -

HCL 1M
+0.25 g/T,
+0.50 g/T,
+1.00 g/L,
+2.00 g/1,
+3.00 g/T,
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of various concentrations &P oil

C (g/L)
HCI 1M
0.25
0.50
1.00
2.00
3.00

E°a(kJ mol?)
43.35
31.14
29.97
34.75
33.91
32.02

T
3,10

107TK )
Figure 7. Transitionstate plot for MS corrosion rates (W) in 1 M HCltihe absence and presence afious
concentrations of SP oll

pHAkI mol?)
40.65
28.44
27.27
32.05
31.21
29.32

Eai qHa(kJ mol'l)

2.70
2.70
2.70
2.70
2.70
2.70

-112.32
-162.93
-168.77
-155.85
-159.47
-168.36

P Sa@ mol K1)

The activation energies in the presence of SP oil are 3.4. Adsorption isotherm and thermodynamic
lesser to those in uninhibitextid solution (able 5.
So, the addition oBP oildecreases metal dissolved in
1M HCI medium. We note that the increase p{®)

and the

lower value of E°a are

in favor of

chemisorption™*. The positivevalue ofenthalpy of
activat i oim the( pe¢bAca )of various
concentrations of inhibitor shows the endothermic
nature of the MS dissolution process, implying that
dissolution of steel becomes difficait However, the
negati ve

val ues

of

The activatedcomplex in the rateletermining step

represents an association rather than a dissociation! "€ equilibrium dadsorption constant, oK is
connecte

ads or pt.i)witn thé foiGvng equation’:

step °%. On the other hand, the average difference

value of the E°agH°a is 2.7 KJ.mot, which is

almost equal

to

the average value of

RT

(2.7 KJ.mot) at the average temperature (323 K) of
the domain in question. This result agrees that the \yhere R, T, 555 are gas constant, absolute

corrosion process is a unimolecular reactias
described by the knowRg. () of perfect gas:

E°al qH°a = RT

©)

parameters

In this work, we evaluated several types of adsorption
and Langmuir).
Langmuir was found to give the best description on
the adsorption of SP oikigure 8 reflects a straight

isotherm

line (R a

(Frumkin,

1)

concentration and

ent robpgyi rodd
indicatethat a decrease in disordering takes place
continuously from reactants to the activated complex -

+ —SAQD

— #

J

Temkin

by

plotting

c/ d

the corresponding equation
(Eq. Q) is as follows: Adsorption constanK{g9
value was demonstrated by the intersection of the

t o

t he

(10)

11)

standar d

temperature of experiment the molar concentration of

water in solution in respectively.

Wi

a¢riavagthiedueShapnd

t

C

Gi
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Figure 8. The Langmuir adsorption isotherm of SP oil on the MS surfaceNhHCI at different temperatures

Table 6. Thermodynamiparameters for adsorption of SP oil on MS in 1M HCI solution at different temperatures

from Langmuir adsorption isotherm.

T(K) R?
308 0.999
313 0.999
323 0.999
333 0.999
343 0.999

Data inTable 6revealed that th&P oilwasquicky and strongly adsorbed ontbe MS surface at a relatively

Kads(L g3
11.52
12.61
14.37
18.11
20.04

giG°ads kJ mol?)

-23.96
-24.59
-25.72
-27.16
-28.27

highe temperature. This could be duethe creation of a coordinated bond between$Reoilmoleculesand the

d-orbital of iron*>. He r e,

t he

of both electrostatiadsorption andhemisorptior?®.

100 <

—a—HCL IM
——3.00 g/L SP oil
—A—0.84 g/ ZHD

T Y T 1 T T T ; T
-800 -700 -600 -500 -400

E (mV/ECS)

T
-300

T
-200

ada Valuas hreargiegiromeex3,96t0 -28,27kJ.mol, showingthat
the adsorption mechanism 8P oilon MS in 1 M HCI solution at the studied temperatures may be a combination

Figure 9. Comparison of polarization curves for MS in 1M HCI containing 3 g/L of SBrall0.84 g/L of ZHD
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3.5 Constituent responsible for inhibition
The
inhibitor molecules inhibit the corrosion of the steel
surface.

As a consequence, compareddther, both SP oil and
ZHD arethe principakonstituensto confirm that this
latter is responsible for corrosion inhibition properties
of the total oil. In this sense, the ZHD is isolated and
evaluated electrochemically by PDP and EIS
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prepared using a concentration of 3 g/L of SP oil and

results undoubtedly demonstrated that the 0.84 g/L (28% of 3 g/L) of ZHD molecules. We

present irFigure9 the PDP curves of MS in 1 M HCI
solution with and without a concentration of 3 g/L of
SP oil and 0.84 g/L of ZHDcurrent density ¢hn),
corrosion potential (&), cathodic and anodic Tafel
slopes B, bs) are the polarization parameters. The
parameters and percentage inhibition efficie¢ito)
are calculatethased orthe Tafel curves and are given

measurements. Electrochemical test solutions were in Table 7

Table 7.Polarization parameters and the corresponding inhibition efficiency for the corrosion of MS in 1M HCI
containing 3 g/L of SP oil and 0.84 g/L of ZHD at 308 K

C(gll) - Ecor (MV SCE)
HCI 1M 0.00 490.0
SP oil 3.00 480.0
ZHD 0.84 490.0

According toFigure9, the presence of ZHBPauses a

lcorr (MA CcmM?) -bc (mV) b &mv) Ei%
0.5779 147.4 74.8 ..
0.0865 143.2 43.1 85.03
0.0848 140.7 40.3 85.33

of 85.03% and 85.33% at concentration of 3 g/L and

prominent decrease of current densities for anodic and 0.84 g/L, respectively. These results indichizt the
cathodic Tafel curves. This decrease indicates the ZHD molecule can be determined as being the

inhibition ofanodic metal dissolution and tbathodic
hydrogen evolution reactiorirhis behavior reveals
that the ZHD reduces the corrosiofi MS in HCI
medium and acts as a mixed type.

It is crystal clear from the data ifable 7(attested)
that the SP oil and ZHD show a protective efficiency

constituent responsible for the inhibitive action of SP
oil. The Nyquist plots of steel in 1 M HCI containing
3 g/L of SP oil and 0.84 g/L of ZHRre shown in
Figure10. As forthe impedance data, thaye given

in Table 8

Figure 10. Comparison of Nyquist plots for MS in IMHCI containing 3 g/L of SIRand 0.84 g/L of ZHD
molecules

in local dielectric constant and/or an increase in the

The impedance spectra present one single capacitivethickness of the electrical double layer. Therefore, the
loop, indicating that the charge transfer takes place at inhibition efficiency (&) increases to 87.19 and

the electrode/solution interfae@d the size of the
capacitive loop is similar for the SP oil and the ZHD.

87.81 % at 3 g/L for SP oil and 0.84 g/L for ZHD,
respectively The inhibition efficiencies provided by

The presence of the maximum concentrations of ZHD molecule and SP oil are practically similar.

inhibitors augments the value of iR acidic solution.
The impedance data ihable 8indicates that the R

These results assert again that the ZHD molecule can

be determined as being tbemponentesponsible for

goes upand the G goes down because of a decrease the inhibitive effect of SP oil.



