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ABSTRACT

The corrosion inhibition of mild steel in 1 M HGCblstion in the presence of Tectona Grandis
Leaves (TGL) at temperature range of 37®vas studied using weight loss and electrochemical
methods namely potentiodynamic polarization and id@edence method. The Tectona Grandis
Leaves acts as an inhibitor in the acid environm@itie inhibition efficiency (90.26%) increases
with increase in inhibitor concentration (2.5%) kilgcreases with an increase in temperature. The
inhibitive effect of the Tectona Grandis Leavesladoe attributed to the presence of some
phytochemical constituents in the Leaves whictdsoebed on the surface of the mild steel metal.
The inhibition by Tectona Grandis Leaves was fotmdobey Langmuir, Frenudlich, Temkin
adsorption isotherms. Phenomenon of physical adsorpis proposed from the activation
parameters obtained. Polarization curves revealet this inhibitor acta as a mixed type inhibitor.
Thermodynamic parameters reveal that the adsorgtiogess is spontaneous. The surface analysis
study conforms the corrosion of mild steel andhitsbition by the inhibitor TGL.

Key Words: Tectona GrandisLeaves(TGL) Mild steel, Adsorption isotherm, Thermodynamic
parameters.

INTRODUCTION

Corrosion inhibitors are widely used in industryrégluce the corrosion rate of metals and alloys in
contact with aggressive environment. Most of theragion inhibitors are synthetic chemicals,
expensive and very hazardous to environment. Tbexefit is desirable to source for
environmentally safe inhibitors [1- 7] . It has beshown that natural products of plant origin
contain different organic compounds (e.g. alkalptdsnins, pigments, organic and amino acids,
and most are known to have inhibitive action [8—1%pther authors have also shown that the
inhibitive effect of some plants solution extrad due to the adsorption of molecules of
phytochemicals present in the plant on the surtdahe metal [16—-19] , which blocks the metal
surface and thus do not permit the corrosion potesake place. The wide use of this acid has led
to the concentration of this study on the corro®ffects of this acid on carbon steel, which is a
versatile component in many industrial structu-27]. The inhibition of mild steel corrosion by
TGL was attributed to the presence of nerol, shdiggcid, anthraquinone. since these compounds
contain oxygen and nitrogen atoms which are theecgrof adsorption. The encouraging results
obtained by this research permit to test more piaaierials. The aim of the present work is to find
a naturally occurring cheap and environmentallg safbstance that could be used for inhibiting the
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corrosion of mild steel. The use of natural produitt establish, simultaneously, the economic and
environmental goals.

MATERIALS AND METHODS
Preparation of the specimen

The sheets of cold rolled mild steel, which is coencrally available in the market, were machined
into coupons of area 5 x 1 GnHoles were drilled on the center of one end bfre coupons for
suspension and the coupons are numbered for iattih. These coupons were degreased,
cleaned with emery paper and washed with distilater and stored in desiccators in the absence
of moisture before their use for the investigation.

Preparation of the extract

The leavesTectona Grandisof were shade dried and powered. The extract wapaped by
refluxing 50g of powered dry leaves in 1000 ml o¥1IHCI for 3 hours and kept overnight. Then
filtered and the volume of filtrate was made udl@®0 ml using the same acid. This solution was
taken as the stock solution for further dilutions.

Weight loss measurement

Weighed samples are immersed in 100 mL of the &tidM HCI) without and with different
concentrations of the inhibitor for a fixed immersitime %2 h. They are then taken out and
immersed in saturated sodium bicarbonate soluttometnove residual acids and then washed
thoroughly with tap water, rinsed with distilled t&g dried, stored in desiccators and reweighed.
The parameters used for the present study are pslew

* Concnetration of the inhibitor: 0.005%, 0.01%. 04)5).10%, 0.15%, 0.2%, 0.5%, 1.0%,
1.5%, 2.5% (v/V)

* Temperatures: 303, 313, 323, 333,343) + 2K

The percentage of inhibitor efficiency (IE 96y various concentrations of the inhibitor were
W, -W

calculated as [ E%:{ }QOO

0

Where W, and W are the corrosion rates of mild steel in H®I in the absence and presence of
definite concentrations of the inhibitor.

Potentiodynamic Polarization technique

A frequency response analyzer 1284 (Solartron) and IBM personal computer which
automatically controls linear polarization and Tadfelarization was used for the polarization study.
The data were analysed using computer software.c&hdor the polarization studies was a glass
beaker containing the aerated unstirred test soluivas a glass beaker containing the aerated
unstirred test solution with a platinum electrode the counter electrode, a saturated calomel
electrode as the reference electrode and mild stedhe working electrode. For potentiostatic
polarization studies, mild steel strips of same position (as in the weight loss method) coated
with lacquer with an exposed area 1 Gmas used.

AC impedance method
AC impendance measurements stated as soon as wotkmperature was achieved and
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polarization has stopped. Applied sinusoidal sigmmaplitude was 10mV in the normal frequency
range from 10 kHz to 0.02Hz. Combined frequencyoase analyzer and potentiostat (Solartron
1284) was used to make A.C impendance measuremnetés open circuit potential during the test.
During each test the data were displayed as Nygloss (Zm VS Zea) Via Z plot software.

Surface analysis

Surface features of mild steel specimen were exadnipefore and after exposure to 1M HCI
solution in the absence and presence of certaigecdration of the extract. Optical microscope
(NIKON-model EPI-PHOT) was used for this investigat

RESULT AND DISCUSSION
Effect of temperature

The effect of temperature on the inhibitory actafrthe inhibitor was determined by weight loss
method at various concentrations at different tawmtpees (303, 313, 323, 333 and 343) + 2 K for a
fixed immersion time % h. The tabulated data (Tableeveal that, as the concentration of the
inhibitor increases the corrosion rate has decdeasall temperatures.There is no regular trend in
the change of inhibition efficiency. This may belkned on the basis of the time lag between the
process of adsorption and desorption. Howeverinthieitor could be effectively used at 323K and
maximum efficiency being 90.26%.

Tablel Protection performance of TGL on mild steel in 1H@I (/, h) at different temperatures

CONC(%) Inhibition Efficiency %
303 | 313 323 333 343

(VIV)
Blank

0.005 43.1| 44.24| 50.15| 45.86| 41.08
0.010 48.1| 50.63| 58.35| 52.14| 50.48
0.050 62.1| 65.37| 71.24| 57.75| 60.4
0.100 74.3| 77.02| 77.26| 73.53| 72.72

0.150 74.7| 77.32] 77.90| 75.75| 73.71
0.200 75.5| 7758 78.72| 76.88| 76.15

0.500 77.9| 81.37| 84.47| 77.72| 81.62
1.500 79.8 | 83.40| 86.54| 84.88| 82.94
2.000 82.0| 84.99| 89.49| 86.99| 84.71

2.500 83.7| 85.73] 90.26| 89.55| 86.44

Interpretation of thermodynamic data

Activation energy (B and thermodynamic data, such as change in freeperAGaq9, enthalpy
(AH) and entropyAS) for mild steel in 1 M HCI in the absence andhe presence of the inhibitor
was calculated and listed in Table 2.The activaéinargy at different concentration of the inhibitor
in 1 M HCl is calculated by plotting Log C.R vs.T1(Fig.1). E values for inhibited systems are
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lower than those for uninhibited system indicatingt all the inhibitors exhibit high |.E at elevdte
temperatures. The range of i§ 33.05 — 44.46 kJ/mol for TGL in 1 M HCI. TheMand negative
values 0fAG,4s(12.27- 25.88 kJ) suggest the strong interactiothefinhibitor molecules whereas
low value of AG,gs indicated spontaneous adsorption of inhibitorsmold steel surface. ThaH
values of (0.029 - 1.128 kJ/mol) at all concentradi are found to be below 10 kJ/mol which
indicate physical adsorption over the surface dfirsieel. The change in entropy was found to be
greater than zero (0.049-0.078 J/deg/mol). Thigcatds that the reaction is irreversible. It isacle
that, the complete desorption of the inhibitoras possible.

Table 2. Activation parameters for the dissolution of MShe presence of TGL in 1 M HCI

Conc | Activation Free energy of adsorption (AG) Heat of Entropy
303| 313| 323 338 343K .

(%)(v/v) energy adsorption(AH) changes
Blank 33.05 - - - - - - -
0.005 43.59 22.99| 23.72| 24.44| 25.16| 25.88 1.128 0.072
0.010 47.01 21.78| 22.56| 23.35| 24.13| 24.91 0.064 0.078
0.050 49.86 19.30| 19.79| 20.29| 20.78| 21.28 0.029 0.049
0.100 50.20 18.86| 19.38| 19.89| 20.41| 20.93 0.037 0.052
0.150 51.09 17.88| 18.41| 18.93| 19.47| 19.99 0.039 0.053
0.200 49.72 17.19| 17.76| 18.33| 18.90| 19.47 0.047 0.057
0.500 48.31 15.43| 16.00| 16.57| 17.14| 17.76 0.036 0.056
1.500 46.28 13.08| 13.65| 14.21| 14.78| 15.35 0.029 0.056

Applicability of adsorption isotherms

The surface coverag®] values for different concentrations of the intobiin 1 M HCI have been
evaluated from the weight loss data. The data wested graphically to find a suitable adsorption
isotherm. A plot of Log®/1-O) against Log C (Fig. 2) shows a straight line (R¥0ndicating that
adsorption follows the Langmuir adsorption isothetms observed that although these plots are
linear, the gradients are never unity, contrarytwat is expected for ideal Langmuir adsorption
isotherm equation. Organic molecules having potama or groups which are adsorbed on the
metal surface may interact by mutual repulsion tiraetion and this may be advocated as the
reason for the departure of the slope values fraity.urhe number of active sites of the surface
occupied by one molecule of the inhibitor is ginnthe value of (1/y). A straight line was obtained
when the surface coverage was plotted against LofprChe inhibitor. This shows that the
adsorption obeys a Temkin adsorption isotherm, wisgyraphically represented in Fig.3.The plots
of Log © vs. Log C are shown in Figure 4. The linearitywfdhat the adsorption of the inhibitor
on mild steel surface follows Freundlich isotherm.
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Figure 1. Arrhenius plots for mild steel dissolution pros@s 1 M HCI
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Figure 2. Langmuir isotherm plots for the adsorption of LTié@ 1 M HCI
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Figure 3. Temkin isotherm plots for the adsorption of T@LL M HCI
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Figure 4. Freundlich isotherm plots for the adsorption of T@LL M HCI

Potentiodynamic Polarization Studies

The values of various electrochemical parameterspagsented in the Table 3 and corresponding
Tafel plot in Figure 5. It is observed from theltathat the Jor values decrease in the presence of
the inhibitor. These suggest that the adsorptiornhefinhibitor molecules on the metal surface
reduces the uncorved surface area for the anodeisas cathodic reactions. This is also seen
from the increase in the Rp values. The fact tieer® significant change in thedg values 523.69
mV to 535.90 suggests that the inhibitor functiga anixed type. In all concemtrationg dveater
than  suggesting that though the inhibition is undereadixontrol the effect of the inhibitor on the
anodic polarization is more pronounced than orcitbodic polarization.

o

POTENTIODYNAMIC POLARISATION OF CORROSION OF
[ MILD STEEL IN 1 M HCI IN THE PRESENCE AND IN
THE ABSENCE OF THE INHIBITOR T.G.L
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Figure 5.Potentiodynamic polarization curves for mild steel M HCI in the presence of different

concentrations of the extract at room temperature.
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Table 3Electrochemical parameters for mild in 1 M HCI wathirious concentrations of the extract

0,

Con/C (A)) 'ECOI’I’ | corr ba bC lLE Rp |.E
(Viv) mV | pAcm? | mV/dec| mVidec| (%) | (Qcmd) | (%)
g'ggg 523.69| 6.0740 | 212.70| 1467 | - 6.25 i
O' 05 520.75| 2.7800 | 159.50| 107.18 | 54.23 8.16 23.41
0'15 509.20| 0.0729 | 131.60| 84.18 | 98.80 29.86 79.07
d 5 504.24| 0.0348 | 123.00| 76.80 99.43 54.54 88.54
2'5 499.46| 0.0065 | 124.16| 69.59 | 99.89 217.90 | 97.13

535.90| 0.0058 | 117.47| 98.46 | 99.90 | 341.70 | 98.17

Impendance Measurements

Impedance diagrams (Nyquist plots) obtained fodmsteel in 1 M HCI in the presence of various
concentrations of the inhibitor is depicted in thgure 6. It is seen from these figure that the
inpedence diagram for the inhibitor is not perfeemicircle. The difference has been attributed to
the frequency dispersion.
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Figure 6.Nyquist plot for mild steel in 1 M HCI in the presz of different concentrations of the

extract at room temperature.

Impedance parameters derived from Nuquist plotgayelated in table 4. It can be seen that the
presence of the inihibitor enhances the values @faRd reduces the Cmay be due to the
adsorption of the inhibitor to form an adherenmfibn the metal surface and suggest that the
coverge of the metal surface with this film decesathe double layer thickness.
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concentrations of the extract at room temperature.

Table 4Impendance Parameters for the corrosion of for mitl M HCI containing different

Conc (%)(v/v) | Rct(@cn?) | Cdl (uF cm?) L.LE (%)
Blank 54.89 172.90 -
0.005 74.29 128.22 26.11

0.05 436.79 92.36 87.43
0.15 530.97 80.46 89.66
0.50 646.77 74.19 91.51
2.5 657.44 51.87 91.65

Mechanism of Corrosion Inhibition

The acid extract investigated in the study are mgemnature and found to contain the following
compounds.

Nerol Salicylic-acid

=]
i I
2 dLDH |
| OH oH
g

The probable mechanism can be explained on the bhadsorption process and structure of the
constituents present in the extract.most of th @thmical constituents present are oxygen
containing compounds. The compounds may be adsarbetie mild steel surface through their
oxygen atom of the hydroxyl group, oxygen atom loa ing and thé&l electrons in the ring which
inhibits the corrosion of mils steel. Th aromatmmpounds with large cross sectional area are able
to pack close enough to make an impervious coveaimthe metal. Hence the corrosion inhibition
may be due the formation of a complex, which camseablocking of micro anodes and micro
cathodes that are generated on the metal surfage thle metal comes in contact with the corrodent
and hence can retard the dissolution of the metal.

Anthraquinone

N/

Surface Analysis

The polished specimen and the test specimens velneelmmersed in the blank (1 M HCI) and in
certain concentrations of the inhibitor TG for 24bre observed under a metallurgical microscope
and photomicrographs are shown in the Fig 7-10.
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Fig 7. Photomicrographs of Mild Steel Samples

Fig 8. Sample Immersed in 1M HCI

Fig 9. Sample Immersed in 0.2% inhibitor solution

Fig 10. Sample immersed in 2.5% inhibitor solution
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Fig 7 shows the polished mild steel surface bedagmsure to the acid medium, which is associated
with polishing scratches. It is clear from the F& that the surface of the mild steel was heavily
corroded in 1 M HCI medium, whereas in the presesicenhibitor, the surface condition was
comparatively better(Fig 9 and 10). This dependgh® concentration of the inhibitor solution
suggesting that thereby the presence of a proteettisorbed layer of the inhibitor on ild steel
surface which impedes corrosion rate of metal agpgpioéy.

CONCLUSION

From the results of the present study it can becloded thatTectona Grandisacts as a good
inhibitor for mils steel in 1 M HCI mediunfectona Grandisnhibited the corrosion of mild steel
by physical adsorption on the surface. Based ornvémations in the inhibition efficiencies with
temperature, values of activation energy and fregg changes, the reaction is found to be
spontaneous physical adsorption. The inhibiticiousd to be of mixed type.
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