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ABSTRACT

Corrosion inhibition of mild steel in normal hydtdoric acid solution at 303 K by Brachychiton essaroil (B.O.)

has been studied by potentiodynamic polarizationd aBlectrochemical Impedance Spectroscopy (EIS)
measurements. The oil essential of Brachychito®.jBwas analyzed by chromatography (HPLC/UV) aifdR-
spectra. The results show that this oil is charezézl by palmitoleic acid, palmitic acid, stearicid, oleic acid
being the major constituents. The inhibition efficdy increases with the increase of inhibitor cariion.
Potentiodynamic polarization studies clearly revéd#t the presence of this inhibitor acts like axed inhibitor.
The effect of temperature on the corrosion behaofanild steel in 1M HCI with and without oil inghemperature
range 303-333 K, indicates that inhibition efficdgnincreases with temperature. While SEM analymsformation

of protective layer over the steel surface. Theogut#on of natural product son the mild steel sgdaobeys to
Langmuir’'s adsorption isotherm.

Keywords: Mild steel, Corrosion inhibition, Brachychiton git, Electrochemical techniques, HPLC/UV, FTIR
spectra.

INTRODUCTION

Corrosion is a phenomenon where chemistry helgxptain its mechanism. It is simply a destructidmaterials
resulting from an exposure and the interaction wile environment. Corrosion can be defined as the
environmentally induced degradation of a matehiat tnvolves a chemical reaction [1].

Degradation implies deterioration of physical pmties of the material. This can be a weakenindiefrhaterial due
to a loss of crossectional area, the shattering of a metal due tirdgen embrittlement, or the cracking of a
polymer due to sunlight exposure [2]. Corrosioraahetal is due to chemical or electrochemical reastwhen it
comes in contact with matters present in its emvitent. However, corrosion can be controlled byrttegal is in
contact the environment which stifles the anodicathodic reaction or both, and this is achievedhsyuse of
inhibitors [3]. Each metal is subjected to its owmque corrosion process. Mild steel has been sitely used
under different conditions in chemical and alliediustries in handling alkaline, acid and salt sotut The
corrosion of metals in acid solutions can be irthithiby a wide range of substances, which may béesia or
natural inhibitors. Synthetic compounds contairimgjtiple bonds and hetero atoms are effective itdnig [4-13],
but at the same time the processing time, their aog their toxic nature have compelled the re$eascto look for
eco-friendly, nontoxic and low cost inhibitors fibve corrosion protection of metals. One of thedatnd popular
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approaches is the use of environmental non-toXiitor. In view of this, many alternative eco-fidly corrosion
inhibitors have now been develop&inger[14], henna[15], thym [16],jojoba oil [17], Phaseolus vulgaris 18],

Acacia Trees[19], Xylopia Ferruginea[20], Bauhinia purpurea leaveq21], Hibiscus cannabinug22], Black
Pepper[23]. The extract of this plant have been sucaglystised for the prevention of steel corrosionHgl,

HsPO,and HSO,, and it has been found very effective [2,19,20].

The Brachychiton is a genus of 31 species of tameislarge shrubs, native to Australia for 30 ofthand to New
Guinea for 1 of them. It is sometimes called adattfe tree” because of the shape of its trunkss & genus,
according to the conventional classification, ofe tisterculiaceae family. According to the phylogenet
classification, the genus is included in the Mabase family. The latter is represented in the spmtas state in the
Moroccan flora by ten genera [24]. In Morocco, tBechychiton genus exists only in the ornamentatest
following its introduction as an alignment planth€Be trees are rarely shrubs with smooth bottlpeshdrunk;
hence their name of ‘bottle trees’ [25].

As a contribution to the current interest on ederfily corrosion inhibitors, the present work ivoted to study the
effect of one of the fruits of trees which in owse the brachychiton, existing in Moroccan parks, work is
essentially devoted to investigate the effect afdBiychiton essential oil (B.O.) as corrosion intidoi for mild steel
in HCI solution using potentiodynamic polarizatioleasurements and electrochemical impedance spempyos
(EIS). The thermodynamic parameters for activagiootesses were calculated and discussed.

MATERIALSAND METHODS

Preparing sample and essential oil extraction

The ground seeds (5 g) and a volume of n-hexamea{®esolvent ratio of 1:6.5 mL/g) were added tcealenmeyer
flask (100 mL), connected to a condenser. The flaak placed in a thermostated water bath at a fmedmed
temperature (4%2). No mixing was applied. At the end of a pred®iaed extraction time, the liquid extract was
separated from the exhausted seeds by vacuumtiditraThe cake wasthen washed twice with n-hexane
(20 mL). The combined filtrates were evaporatea toonstant mass at &0 under vacuum. The sample oil yield
was defined as the amount of the oil extracted i@ g of seeds. Each experiment was carried alupficate.

Analysis Chromatography by HPLC / UV

The identification of the components of vegetalils is usuallydone by various types of chromatogsagut the
analysis of the profiles of triglycerides (TAGs)hsst studied by HPLC. [26] It has been reported th detection
at short wavelength (205 or 210 nm) provided aalirenswer with a mean sensitivity [27-29] .By agathe use of
the refractive index as a mean of detection, cahaapplied with elution in [28] gradient mode. the other hand,
the HPLC / MS coupling method provides linear resmes with excellent sensitivity [28,30,31]. M.J.rioa-

Garciaa and Coll. developed HPLC / UV method fa pinediction of the botanical origin of the variotegetable
oils. [32] In this study, identifying 26 TAGs haedn reported using a colonneKintexC18 100A (150xr6 mm,

2.6 micro) Phenomenex brand. The mobile phase stsnaf 30% n-pentanol and 70% acetonitrile. Notg the

identification by HPLC involves comparing the rdien time of the peaks of standard relative to ého$ the
sample with a tolerance &f5%.

In our case the identification of TAGs present ur extract is difficult given the lack of standard$ierefore we
have to compare HPLC profiles obtained by the ekta method. For this we adopted the protocol deed
above with a few modifications in the compositidritee mobile phase and the column used.

The separation method was applied to samples oftablp oil. The chromatogram of the branchychitdniso
shown in Figure 1. 17 peaks in total were iderdifigthin 10 min analysis.

The identification of tags according to the protodescribed below has led us to determine areabwfidance of a
common acid between the identified triglycerideise Birea between 3-6 min finds TAGs using a fraatiotne acid
linoleic (LLLn: dilinolein-linolenic acid, LLL: trlinolein acid, OLLn: oleic-linoleic-linolenic acidOLL: oleic-
linoleic acid, LLP: dilinolein-palmitic acid). Irhe next zone between 6-8min located in the fragti@dominant in
TAGs present and that of oleic acid (OOQ: triolagid, OOP: diolein -palmitic acid). The area betw&e9 min,
the palmitic takes fraction below (PPO: dipalmibieic acid, PPP: tripalmitic acid). With the preserof TAGs
with an upper bound fraction of stearic acid (SStearic di-linolein acid) to 9.5min and also thagadoleic acid
(GLL: gadoleic-dilinolein acid) to 4 min.
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Figure 1: HPL C-UV chromatogram oil Brachychiton
FTIR spectroscopy analysis
The experimental technique used frequently to atarae the vibration of functional groups is tiRedpectroscopy.
The spectrum was recorded in ATR from pure oil dasp

The FTIR spectrum of the recorded sample at roonpégature is shown in figure 2.
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Figure 2: FTIR spectra of the samples studied

In general, we note that the pace of the IR spetshiows similarity with those of vegetable oils{33.

Note that the functions of the bands correspondinthe stretching vibration modes are usually eatsien the
corresponding bands to bending vibration modess Bhinainly due to overlap for one and / or monedsa

The spectrum of the studied sample shows that manels are common regardless of the extraction mble.
vibrations of the C-H groups can be observed inr¢iggon 3000-2800 cm-1. In effect, two distinct damare visible
at approximately 2923 and 2853¢mwhich respectively correspond to symmetric andrasgtric elongations of the
-CH, groups. The absorptions at 2953tand the shoulder to 2872 ¢nare characteristics for symmetrical and
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asymmetrical movements -GHinoieties. The vibrations of deformations of thgseups (CH and CH) appear
respectively in 1461, 1377and722&m

The position of the band relative to the elongatismvement carbonyl groups (C = O) appears greed Lt
Symmetrical and asymmetrical deformations of thgsrips appear around 1100 and 1120".cBitter literature,
band to 1161 crhis attributed to the C-O vibration associated witaster moiety [36]. The strong band at about
1710 cnt corresponds to the vibration of the free carbaxgtiid groups.

MATERIALS
The Mild steel was used for this study has theofelhg composition: it containes 0.09 % P; 0.38 %0301 % Al;
0.05 % Mn; 0.21 % C; 0.05 % S and the remainder. iro

The specimen was used for electrochemical measmtem&he exposed surface area was “1¢hine surface
preparation was carried out with emery papers byeasing grades (400, 600 and 1200 grit size), tlegmeased
with AR grade ethanol and dried at room temperadbefere use. The aggressive solutions of 1M HCI| prapared
by dilution of analytical grade 37% HCI with doulnlistilled water.

Electrochemical tests

Electrochemical impedance spectr oscopy

The electrochemical measurements were carried g Volta lab (Tacussel- Radiometer PGZ 301) paistate
and controlled by Tacussel corrosion analysis so#wnodel (Volta master 4) at under static conditithe Studies
were done by using conventional three electrodeXPygtass cell with platinum as counter electrodé S€E as
reference electrode. The working electrode was ld steel electrode. All potentials given in thisidy were
referred to this reference electrode. The workilegteode was immersed in test solution for 0.5 kdara establish
steady state open circuit potential,{fz After measuring the Jg, the electrochemical measurements were
performed. All electrochemical tests have beengoeréd in aerated solutions at 303 K. The EIS erpamis were
conducted in the frequency range with high limitldf0 KHz and different low limit 10 m Hz at operrauiit
potential, by applying 10 mV ac voltage peak-toipekhe R, and G, values were obtained from the Nyquist plots.
Thezn was calculated as:

R -R
n,%=—"—2x100
RI

p
Where, R’p and Rp are the polarization resistance in absence apdesence of inhibitor, respectively.

)

All the experiments are repeated three times tarerthe reproducibility

Potentiodynamic polarization

The electrochemical behavior of mild steel samplénhibited and uninhibited solution was studiedrbgording
anodic and cathodic potentiodynamic polarizatiorves. Measurements were performed in the 1.0 M $d(ltion
containing different concentrations of the testelihitor by changing the electrode potential auttecadly from -
800 to 0 mV versus corrosion potential at a scém od1 mV/s. The electrochemical parameters sgctoarosion
current density (b, corrosion potential (&), anodic and cathodic slopes, @ndp;) were obtained from Tafel
plots and the; was determined using the formula as follows:

-1
Nrate(%) = =2 x 100 2)
wherel .r andl oy are the corrosion current densities for steeltedde in the uninhibited and inhibited solutions,
respectively.

Surface analysis

The test coupons of the size 1cm x 1cm x 0.1cmewgposed in 1 M HCI solutions in absence andepes of
1.2 g/L of the (B.O.) for 6 hours at 298 K and theashed with distilled water. After elapsed timedrsteel
specimens were taken out and cleaned with douldtlled water, dried with cold air blower and fihalthe
scanning electron microscopy micrographs were dsmbusing SEM model Quanta 200 FEI Scanning insgtnirat
an accelerating voltage of 20kV at 2000xmagnifarati
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RESULTSAND DISCUSSION

Potentiodynamic Polarization Curves

Effect of concentration

The potentiodynamic polarization data are showfigure 3 as the tafel plots for mild steel in 1M IH®Iution
with the addition of various concentrations of tadditive of Brachychiton oil (B.Q) The corrosion kinetic
parameters such as.k l.m, @anodic and cathodic Tafel slopes were derivedchftbese curves and are given in
Tablel. The values af % were calculated using the eq (2).

0.1

0.01

(uA/cr)

1E-3

corr

1E-4

1E-5] 12gL

ot
*‘ v 10gL

1E-6- : : : : : :
0.8 -0.6 0.4 -0.2 0.0

E_ (VISCE)

corr

Figure 3: Potentiodynamic polarization curves of mild steel in 1M HCI in the presence of different concentrations of (B.O.) at 303 K

Table 1: Electrochemical parameters of mild steel in 1M HCI solution without and with (B.O.) at different concentrations

H Conc 'Ecorr Icorr ‘Bc ﬁa 'Tafel
Medium o)\ (mVISCE) (uAlem?) (mVidec) (mVidec) Té%) 0
HCI — 441 579 138.0 1350 —  —
12 478 47 88.3 979 910 00910
©0) L0 465 59 102.1 715  89.8 0.898
) o8 456 70 71.7 853  87.9 0.879
0.6 454 83 77.4 782 856 0.856

We remark that the cathodic current-potential csirgive rise to parallel Tafel lines, which indicd@t hydrogen
evolution reaction is activation controlled andtttiee addition of the (B.O.) does not modify thectmenism of this
process (Figure 3) [37]. Asitis shown in Table B,d.) inhibit the corrosion process and the inhditefficiency
values (%) increases with the concentration of inhibitoragleing its maximum value to attain 91% at 1.2 g/L
.These data show that the increase in inhibitoceotration leads to decrease in the corrosion cudensity. The
addition ofBrachychiton essential oil (B.Ochuses a shift in the values of,Eslightly toward anodic value (more
negative) compared to the blank but no definitdt &hiE.,,, is detected. The magnitude of change in thg #lues
(less than 85 mV) indicate that (B.O.) acts aseabikype inhibitor [38] with predominantly cathodiffect, i.e.,
cathodic evolution of hydrogen gas is more favotieah the anodic dissolution of steel. Bgthand B, were
affected; this was indicative of the mixed-modeiliitive nature of the inhibitor.

Effect of temperature

The effect of temperature on the inhibition perfamoe of (B.O.) for mild steel in 1M HCI solution ihe absence
and presence of 1.2 g/L concentration at temperatamging from 303 to 333 K was obtained by potetythamic

polarization measurements. The results are givelrabile 2. The inhibition efficiencies are founddecrease with
increasing the solution temperature from 303 K 33 ¥. This behavior can be interpreted on the btmsis the

increase in temperature results in desorption @frihibitor molecules from the surface of mild tdable 2 shows
that the corrosion rate increased with increasgmperature both in uninhibited and inhibited solusi The

corrosion rate increases more rapidly with tempeeeain the absence of the inhibitor.

159



A. Aitlaalim et al Der Pharma Chemica, 2016,8 (19):155-165

Table 2: Effect of temperature on the corrosion rate of mild steel at 1.2 g/L of (B.O.) at different temperatures

ICOI’I’

Temperature Nafel
(uA/cnT)
® Blank (8.0)
303 579 47 91
313 692 100 85
323 1644 250 84
333 2102 378 82

A plot of the logarithm of the corrosion rate (u&©) of carbon steel obtained from potentiodynamicagiahtion

vs. 1000/T gave a straight line as shown in FigHe apparent activation energy,(Evas calculated by using
following Arrhenius equation:

Ea
Ln(1 =Ln A——
n( ) n RT (3)

where E is the apparent activation corrosion energy, This absolute temperature, A is the Arrhenius pre-
exponential constant and R is the universal gastaah

= Blank

3.0 3.1 3.2 3.3
1000/T (K

Figure4: Arrhenius plotsof steel in acid with and without 1.2 g/l (B.O.) in 1M HCI

An alternative formulation of Arrhenius equatior{39]:
RT AS AH

| ., =——€exp —= | ex 2 ) (4
Nh R RT

whereh is Planck’s constant)y is Avagadro’s number,ASa is the entropy of activation anH_ is the enthalpy
of activation. Figure 5 shows a plot of Li,¢IT) vs. 1/T.

The values of E AH_ and AS, were estimated from the slopes of the straighslaned given in Table 3.

The value of Efound for (B.O.) is higher than that obtained fdvi HCI solution. The increase in the apparent
activation energy may be interpreted as physicabgaion [40,41].

AH AS
Straight lines are obtained with a sIope—efR—a and an intercept of Ln R/Nh——2 from which the values of

AS, and AH_ are calculated and are given in Table 3.
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Figure5: Transition Arrhenius plotsof Ln (Icr/T) vs. LT for steel in 1M HCI in the absence and the presence of (B.O.) at optimum
concentration

Table 3: Activation parametersfor the steel dissolution in 1M HCI in the absence and the presence of (B.O.) at optimum concentration

oo Unemegeson € OH, A5,
(kI moy  (J K'mol?)

Blank 0.99742 39.6 36.9 -69.3

(B.O.) 0.99663 60.3 57.6 -169.6

The positive sign ofAH_ reflect the endothermic nature of the steel diggmiuprocess suggesting that the

dissolution of steel is slow in the presence ofhitbr [42] whereas large negative values of entroﬂi8§ imply

that the activated complex in the rate determirstep represents an association rather than a ditisocstep,
meaning that a decrease in disordering takes plagoing from reactants to the activated compley.[Erom the
previous data, we can say that (B.O.) essentiaanilbe used as an effective inhibitor.

Adsorption isotherm

Basic information on the interaction between th@biior and mild steel surface are investigatedhsyadsorption
isotherms. For this purpose, the values of surfacerage ) at different concentrations of (B.O.) in acid nzedt
303 K have been used to explain the best isotherdetermine the adsorption process. The value efthface
coverage ) was calculated using the relationship [43]:

0,
o=t ™

Attempts were made to fit the€evalues to various isotherm including Langmuir, ké@m Frumkin, Freundlich,
etc. The best fit was obtained with Langmuir isothes suggested by the plot betweerd @hd C (as shown in
figure 6) and the linear correlation coefficienttbé fitted data was close to 1, indicating that aéldsorption of the
inhibitor molecules obey the Langmuir’'s adsorptiestherm as expressed as:

% = C Kads (6)

Where C is the inhibitor concentration angids the equilibrium constant for adsorption/desompprocess of the
inhibitor molecules on the metal surfacegqddalues were calculated from the intercept of thee for adsorption
process. The adsorption equilibrium constant, Ks related to the standard free ener&G;ds) by the following

equation:
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AG,, = -RTLN(C,y oKye) (7)

where the G,0 = 1000 g/L in the solution.

For the determination of absorption nature, itiffiallt to distinguish between chemisorption ankypisorption
only based on these criteria, especially when athepecies are adsorbed. The possibility of Coulongractions
between adsorbed cations and specifically adsashazhs can increase the Gibbs energy even if nmicla¢ bond
appears [44]. However, the calculation of TAG;dS value of (B.O.) is not possible because the mddeanass of

the extract components is not known. This limitatis noted by some authors in the case of the #akeils used
as corrosion inhibitors for steel in acidic media,46].
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Figure 6: Langmuir adsor ption isotherm for mild steel in 1M HCI solution of B.O. at different concentrations

Electrochemical impedance spectr oscopy

EIS technique was applied to investigate the eleetielectrolyte interface and corrosion proceskas dccur on
mild steel surface in presence and absence of \B®ensure complete characterization of the iaterfand surface
processes, EIS measurements was made at OCP gedregiuency range at 303 K. Figure 7 shows Nyqiats
for mild steel electrode immersed in 1M HCI solatat 303 K in absence and presence of various otnati®ns of
the essential oil. It is clear from the figure atthihe diameter of the semicircle increases with iticrease in
concentration of the (B.O.) inhibitor, indicating eancrease in corrosion resistance of the metal.

—=— Blank
2001 e 060L
0.8 g/L
—v—1.0g/L
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Figure 7: Nyquist plotsfor mild steel in 1M HCI containing different concentrations of (B.O.)
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The value of electrochemical double layer capacid(ty) was calculated at the frequen€y,using the following
equation [4]:
1
cC,=— (8)
“ onf R

max ‘ p

with Cyq Double layer capacitance (uF @nf__ : maximum Frequency (Hz) and,:RPolarization resistance(

sz) | max

The impedance data listed in the table 4 indich& the values of both ,Randn% are found to increase with
increase in concentration of the extract, whilevhkies of G are found to decrease. This behavior can be attiib

to a decrease in dielectric constant and/or areas® in thickness of the electric double layergesting that the

essential oil molecules act by adsorption mechaismild steel/acid interface [47].

Table 4: AC impedance data of mild steel in 1M HCI acid solution containing different concentrations of (B.O.) at 303 K

Conc R Cal fnax Mz

Medium o) (@cnd)  (uFiend)  (Hz) (%)
HCI — 20 200 40.0 —
1.2 262 48.6 125 923
B.O 1.0 155 51.3 20.0 87.0
T 0.8 88 57.2 316 77.0
0.6 50 79.6 40.0 60.0

A low capacitance may result if water moleculeghatelectrode interface are largely replaced bwmiginhibitor
molecules through adsorption [48]. The larger iftbibmolecules also reduce the capacitance thrdlighncrease
in the double layer thickness [49]. The inhibitieffectiveness increases with the concentratiorhefinhibitor to
reach a maximum value from 92.3% for (B.O.).

Surface analysisby SEM

The surface morphology of mild steel was studiedstgnning electron microscopy, the figure 8 showsSEM
photograph recorded for mild steel samples Poliga¢énd exposed for 6 h in 1M HCI solution withdBtO.) (b)
and with 1.2g/L oBrachychiton Oilat 303 K .

It can be seen from Fig. 8a that the mild steelparhefore immersion seems smooth and shows soraeliag

scratches on the surface. Inspection of Fig. 8kaksvthat the mild steel surface after immersionrimhibited 1M

HCI shows an aggressive attack of the corrodinginmedn the steel surface. The morphology in FigsBows a
rough surface, that corrosion does not occur irsgmee of inhibitor and hence corrosion was inhibg&ongly

when the inhibitor was present in the hydrochlaaing the surface layer is very rough. In contiaghe presence of
1.2 g/L Brachychiton Oil the steel surface was corroded only negligibljicl further confirm the inhibition
action. In addition, there is an adsorbed film dlursteel surface (Fig. 8c).

Figure 8: SEM micrographsof mild steel surface: (a) before of immersion in 1M HCI, (b) after 6h of immersion in 1M HCI and (c) after
6 h of immersion in 1M HCI + 1.2g/L of (B.O.) at 303 K

CONCLUSION

From the overall studies the following conclusiaosild be deduced:
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Brachychiton Oilexamined acted as an efficient corrosion inhibiotM HCI. Polarization studies showed that oil
was a mixed inhibitor and its inhibition efficienaycreased with the inhibitor concentration butrédases with the
increase of temperature. Impedance method indidhtgsoil adsorbs on the mild steel surface witbréasing
transfer resistance and decreasing of the doupbr-eapacitance. The adsorption of (B.O.) on thid steel surface
follows the Langmuir adsorption isotherm. The irtab efficiency determined by electrochemical methand
methods potentiodynamic curves are in good agreemen
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