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ABSTRACT

The inhibition effect of Toona sinensis leaves extract (TSLE) on the corrosion of mild steel in HCI solution was
studied by weight loss, Fourier Transform Infrared spectroscopy (FTIR) and scanning electron microscopy (SEM)
methods. The results show that TSLE is a good inhibitor in 1.0 M HCI, and the inhibition efficiency increases with
increasing concentration of the extract and decreases with increasing temperature. Inhibitive effect was afforded by
adsorption of the extract on steel surface, which was found to accord with Langmuir adsorption isotherm.
Adsorption and activation parameters such as activation energy (Ea), enthalpy (4#), free Gibbs energy (4G), and
entropy (AS)were evaluated on the corrosion and inhibition process.
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INTRODUCTION

Mild steel is commonly used in many industrial ardjineering application including construction alesign due
to its low cost and easy availability. However, toerosion resistance of mild steels is poor bezdsy rust easily,
and so they should not be used in a corrosive e@mvient unless some method of corrosion protectounsid.
Hydrochloric acid is the medium generally beindizeid for acid pickling, industrial acid cleaninagid descaling,
and oil and gas well acidizing [1-3].

Among the several methods of corrosion control prelention, the use of corrosion inhibitors is vegpular.
Most of the effective inhibitors used contain hetgom such as O, N, S and multiple bonds in thelleoules that
they are adsorbed on the metal surface. Though ythetic compounds showed a good corrosion itdrifanost
of them are highly toxic to both human being andimmment. These known hazardous effects of mosthefic
inhibitors are the motivation for the use of soratunal products as corrosion inhibitors [4-6].

Plant extracts have become important because tieegrevironmentally acceptable, inexpensive, reaalfgilable,

and renewable sources of materials. Recently, rpdamt extracts have been reported to be very éff=cbrrosion

inhibitors for the protection of mild steel in aicidnedia [7-10].

In this study, the inhibition effect of the TSLE dhe corrosion of mild steel in 1.0 M hydrochloacid was

investigated using weight loss method, FT-IR, aBd/Snethods. There was no literature report on thdiss of

corrosion inhibition effect of the above plant extis on mild steel in hydrochloric acid medium jpoesly.
MATERIALS AND METHODS

2.1 Preparation of mild steel specimen
Mild steel specimen having the composition (wt.%P®149 P; 0.0715 Si; 0.001 Ni; 0.141 Mn; 0.1890@19 Se;
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0.0018Cr, and remaining Fe was used for all expams The specimens were cut mechanically into Bx@r
dimension used for weight loss measurements. Theng \polished using emery papers, washed thorougithy
distilled water, degreased with acetone, and dédir dried, it was weighted and a result is aditiveigh (m), and
then stored in desiccators before using for weliggg measurement.

2.2 Preparation of Toona sinensis leaves Extract.

Fresh green leaves ®bona sinensis were collected and air-dried and were shatteredgowder. Dried leaves were
crushed and ground to make powder and weighed 408epowder was extracted with £1500 mL methaaopl3f
days. The extract was filtered and the solvent wegmrized usingotary evaporator. From this stock solution of the
extract, different concentrations of the inhibitest solution from 0.50, 1.0,2.0, 4.0, 6.0, andl8vgre prepared for
the study.

2.3 Analysis
Phytochemical analysis of TSLE was carried out atiog to the method described in the literaturgl.[The plant
extracts were screened for alkaloids, saponins)gllus, flavonoids, coumarins, steroid, and terpeésio

2.4 Weigh Loss Measurement

The pretreated specimens initial weight steel wamérsed in 50 mL solution 1.0 M HCI in the presamd absence
of TSLE in various concentrations for 7 hours. Tliem steel was cleaned with brush, rinsed and dA&dr dried,
steel was weighted and result of weighing was esqme as final weigh (h

The corrosion rate was calculated from the follaydguation (1)

m; —m;
CR=—— 1
v (1)

From the corrosion rateCR), the surface coveragé)(as a result of adsorption of the components efetkiracts,
and inhibition efficiencies (IE) of the plant extta (%) were determined using Eqgs. (2) and (3peetively.
o CR,—CR;
~  CR, (2)

IE (%) = “‘gT‘(f’“x 100% 3)

where Rpg and (Rj are the corrosion rates in the absence and presétioe plant extracts, respectively.

2.5 Fourier Transform Infra Red (FTIR) Analysis

Mild steel samples were immersed in 1.0 M HCI ia #tbsent and presence of TSLE for 7 hours. Aftat, the
samples were taken out and dried. The film formethe samples surface was carefully removed, ntixecbughly
potassium bromide (KBr), and made as pellets. Theier transformed infrared (FTIR) spectra (KBrlgglof the
film formed were recorded by Fourier transformsranéd (Nicolet 1S10 FT-IR, Thermo Scientific)
spectrophotometer.

2.6Surface Morphology

Scan electron microscopy (SEM) was used to reaafdse morphology of mild steel at different corrations of

TSLE. To perform this test, mild steel specimensenienmersed in 1.0 M HCI in the presence and aleserfic
inhibitor for 7 hours at room temperature. To olkieethe effect of inhibitor only one concentratiorg&, which

gives maximum efficiency, was considered and serfacrphology was compared with uninhibited samples.

RESULTS AND DISCUSSION
3.1 Phytochemical Analysis offoona sinensis leaves extract
The phytochemical constituents of TSLE are showhahle 1. The result reveals that phenolic, sapdtamonoid,

triterpenoid, and steroid are present in metharthet of TSL. This indicates that the inhibitioffigiency of the
extract is caused to the present of the phytocteroanstituents.
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Table 1. Phytochemical constituents of oona sinensisleaves extract

Phytochemicals TSLE extract
Phenolics +
Saponins -
Flavonoids +
Triterpenoids +
Steroids +
Alkaloids

Coumarin

3.2 Weight Loss Measurement

3.2.1 Effect of extracts Concentration on corrosion rateand inhibition efficiency

Figure 1 and 2showthe effect of concentration ofE'®n corrosion rate and inhibition efficiency désl in 1.0M
HCI. It was seen that the increase of extract cotnation, the decrease corrosion rate and the aserénhibition
efficiency. This proposes that the decreasing ofosion rate and increasing of inhibition efficigneas caused by
adsorption of the molecules contained in extracstel surface with formation of thin protectiverda [12,13].
Increasing the inhibitor concentration increasesdégree of surface coverageof the metal surface.

The inhibition efficiency increases gradually as toncentration of the extracts increases up totabag/L, above
which, further increase in extract concentratiod dot cause any significant change in the perfoomanf the
extracts which might indicate that the reactiothef inhibitors on the surface of the mild steeldhesached the state
of equilibrium.
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Figure 1. Effect of TSLE concentration on corrosiorrate of steel corrosion in 1.0 M HCI for 7 hours
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Figure 2. Effect of TSLE concentration on inhibition efficiency of steel corrosion in 1.0 M HCI for hours
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3.2.2.  Adsorption Isotherms and thermodynamic pararaters

Basic information on the interaction of inhibiton enetal surface can be provided by adsorption éath13]. To
obtain the adsorption isotherms, the degree ofasarfcoverage6j obtained from weight loss method was
determined as a function of inhibitor concentratibhe values ofl were then plotted to fit the most suitable model
of adsorption. Several isotherms including Langmdiemkin, and Freundlich isotherms are used tothié
experimental data [13-16]. It is found that theaagton of studied inhibitors on steel surface abtye Langmuir

adsorption isotherm equation:

C 1
0 K ads

whereC is the concentration of inhibitolK,ys the adsorption equilibrium constant, ahis the surface coverage and
expressed by the ratio (IE%/100). Fig. 3shows tinaight lines of G versus C for inhibitors in variation of
concentration of TSLE with correlation coefficierfty are almost equal to 1. This confirms that thlsbitor obeys
Langmuir adsorption isotherm at 1.0 M HCI mediutnndticates that the adsorbing TSLE species ocsupigcal
adsorption site at the metal/solution interface.
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Figure 3. Langmuir adsorption isotherm for mild steel in 1.0M HCI containing different concentrationsof TSLE

The standard adsorption enthalH(,.) is calculated on the basis of Van't Hoff equatibi-18]:

dinK.u AHS,, (5)
dT ~ RT?

whereR is the gas constantl, is the absolute temperature, dgs is the adsorptive equilibrium constant. Equation
(6) can be arranged as the following equation:

_AHgds (6)
RT +D

In Kads =

Where D is integration constant. Figure 4 represents thaight line of In Ky versus 1/T and with slope of
(4

(—AH,4,/R), from whichAHg,, is calculated and listed in Table 2. The negatraéue ofAHY,, reflects the

ads ads
exothermic behaviour of the adsorption of inhibitor mild steel, which means that decrease withingishe

temperature.
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Fig. 4. The relationship between IrK,g and 1/T for mild steel in 1.0 M HCI solution

Table 2. Thermodynamic parameters for the adsorptio of TSL extract in 1.0 M HCI on the mild steel suface at different temperatures

(303-333 K).

T(K)  Kae AGYy (kI/mol)  AH(kJ/mol)  AS(I/mol)
303 343 -20.51 -26.91 -21.14
313 2.02 -19.80 -26.91 -22.72
323 1.54 -19.70 -26.91 -22.33
333 131 -19.85 -26.91 -21.21

The standard free energy of adsorptidi&,;) can be calculated from th€gdsvalue obtained from the above
correlation [19-20]:

AGgqs = RTIn(Cy, oK g4s) (7)
whereCy, o is the concentration of water in solution expresse1000 g/L. As can be seen from Table 2, the uni
0fK 445is Lg™, which in turn implies that the unit of is glwith the value of approximate 1.0 x*10

The negative sign afGJ,.indicates the spontaneity of the adsorption proeessstability of the adsorbed layer on
the steel surface [19-20].1t is usually acceptexd the values afG2, up to-20 kJ mot" are known to be associated
with electrostatic interactions between the chamgetecules and charged surface (physical adsopptibiie those
around -40 kJ méior more negative is are known to be associateld etiemisorption as a result of charge sharing
or transferring from organic molecules to the metaiface and form a coordinate type of metal bdad)22].As
could be seen from Table 2 that the valued@ff,, were in the order of 20 kJ mi@nd less negative, which
confirmed that the adsorption of TSLE on the swfatsteel was of physical adsorption nature ghsg/sisorption).
With the obtained both paramet&8&),, andAHY,,, the standard adsorption entropy§§,,) can be obtained using
the following thermodynamic basic equation:

AHod _AGOd (8)
Asgds — aas T aas

As for ASS ,.in Table 2, the sign is negative; means thattheedese in disordering takes place on going from the
reactant to the adsorbed species. This can bbua#d to the fact that adsorption is always acconegbby decrease

in entropy [23].

3.2.3  Kinetic-thermodynamic corrosion parameters
The apparent activation energy for mild steel caioo in the absence and presence of extract wasntieed from
an Arrhenius equation-type plot according to tHefeing equation [24]:

Ea 9)
InCp, =In4A “RT
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WhereinE, is the apparent activation enerdyis frequency factorT is the absolute temperature &ds the molar
gas constant. The Arrhenius plots of @R vs. 1/T for steel in 1.0 M HCI environment contam various
concentration of inhibitor are shown in Fig. 5.

The apparent values &, for mild steel corrosion in the presenceT&.E in 1.0 M HCI are listed in the Table 3.
The data shows that the activation eneifgy 6f the corrosion of mild steel in 1.0 M HCI sodbuts in the presence
of extract is higher than that in the absence ¢faek The activation enerds, was found to be 56.27 kJrifofor

1.0 M HCI and increases to 70.94 kJthai the presence of TSLE at 0.5 % (v/v) concertratiThe results indicate

that theadsorbed organic matter has provided aigdiysarrier to the change and mass transfer, hegtti reduction
in corrosion rate.

3.50 1 @ Blank @0.5g/L 1.0g/L  x2.0g/L
% 4.0 g/L 6.0g/L 8.0g/L

2.50

@
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©
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Figure 5.Arrhenius plots for mild steel corrosion rate in 1.0 M HCl in the absence and presence of fiifent concentration of TSLE

Table 3. Activation parametersE,, 4H* and 4S* of the corrosion of mild steel in 1.0 M HCI in theabsence and presence of different
concentrations of TSLE

TSLE concentration Ea AH* AS
(g/L) (kJ/moal) | (kd/mal) | (I/mol)
Blank 56.27 -53.63 -60.86|
0.5 70.94 -68.30 -21.54
1 73.89 -71.25 -14.56
2 75.89 -73.25 -10.46
4 77.26 -74.62 -8.94
6 77.13 -74.49 -11.71
8 77.18 -74.54 -15.98

An alternative formulation of Arrhenius equatiorthe transition-state equation [22-24]

in(F) =[m ) + ()] - 77 Y

whereh is plank’s constantN is Avogadro’s numberS*is the entropy of activation, addH*is the enthalpy of
activation. A plot of InCR/T versus 1T gave a straight line with a slope ofAH*R and an intercept of In

R/hN+AS* /R, from which the values afS*andAH*were calculated and listed in Table 3.

The results presented in Table 3 show that theaggthof activation values were all negative for ESlwhich
reflects the exothermic nature of the mild steetasion process. Also, the entropies of activatimre negative
indicating that the activated complex in the rag¢edmining step represents an association ratherdtdissociation
step and that the reaction was spontaneous. Tassksrwere in good agreement with the previoudysi23,24].
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3.3 Fourier Transform Infrared Spectroscopy (FT-IR) Analysis

FTIR is used to support the fact that the corrogidiibition of steel in acid media is due to intat the adsorption
of inhibitor molecules on the surface material. HIdR spectrum of TSLE (Figure 6 (a)) shows a brahsgorption
band with maximum absorbance at 3343.11' ehich indicated the —OH stretching vibration. Peakserved at
2047.22 cnt is attributable for aliphatic and aromatic C-Hesthing. A peak at 1692.17 &nand 1035.36 cthare

an indicative of C=C and C-O stretching of phenobepounds [25,26]

FihE 2E

a (62355
Jlacnd

2104743

% Transmitance
| - | 1

LEQ2ET
- L3554

33441t

i 1 * I i 1 i I ' 1 ' I * 1 v 1
4500 4000 350D 3000 2S00 2000 1SD0 1000 SO0
Wavenumber {cm™)

Figure 6.FT-IR spectra of (a). TSLE and; (b). Filmformed on surface of mild steel after immersion irl.0 M HCl and TSLE

The FTIR spectrum of the protective film formed thie surface of the mild steel after immersion i 1 HCL
containing TSLE is shown in Fig 6b. It is found tttiae —OH stretch has shifted from 3343.11'am 3186.08 cm
and the C=C stretching frequency shifted from 168Zm’ to 1623.59 cm. These shifts or changes in the IR
spectrum of the corrosion product (as opposedédafiectrum obtained for the methanol extrackamia sinensis)
indicate that there is interaction between milékésd methanol extract of TSL.

3.4Scanning electron microscopy (SEM)

The SEM images were recorded to confirm the prmedilm formation during the corrosion processy.FFi shows
SEM images of surface morphology of mild steel.id ¥ HCI with and without inhibitor. Before immenrsgj in acid
mild steel sample was prepared using emery pap&hvaneated scratches on the surface and can levelsin
Fig.6a. When sample was immersed in 1.0 M HCI, agion pits were formed on the surface due to agyes
attack of acid. A rough surface can be seen in7Bjgwhich indicates deposition of corrosion produahd/or
chloride ions on the surface. Presence of inhibiétairded the corrosion rate and smooth layer eesgnized due
to adsorption of organic species present in theaekiat most active sites (Fig.7 c). On the basimformation
provided by the SEM it can be concluded that inthibinhibits corrosion of mild steel in acid forngira protective
layer on mild steel surface.

JTM-FTUA 10.0kV 5.0mm x1.0 JTM-FTUA 10.0kV 4.7mm x1.00k

a b
Figure 7. SEM micrograph of mild steel (a) abradedy emery paper (b) immersed in 1.0 M HCI, and (c)mmersed in 1.0 M HCl in the
presence of 4 g/L extract for 7 hours
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CONCLUSION

We have studied the application of TSLE extracg@en corrosion inhibitor for the mild steel in MDHCI by
using various methods. TSLEis a good inhibitor. Tih&ibition efficiency increases with increased TESL
concentration, but decreases with the rise of éimeperature. TSLE studied was adsorbed physicallthersteel
surface according to the Langmuir isotherm modké fegative values of free energy of adsorptit.§) indicate
that the adsorption process is spontaneous.Thermresf the TSLE increases the activation eneky ¢f the
corrosion process.FTIR spectra clearly revealtti@aphytochemical constituents adsorbed on the stdldl surface.
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