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ABSTRACT

The inhibition efficiency of aqueous extract oflling tonia hortensis linin.F(MTHL) on the corrosion of mild steel
in ground water was investigated by weight loss sueaments and electrochemical studies. The comosite of
mild steel and the inhibition efficiencies of theract were calculated. The results obtained showleat the extract
could serve as an effective inhibitor for the cmion of mild steel in aqueous media. Inhibitioasviound to
increase with increasing concentration of the plextract. The inhibitive action of plant extrastdiscussed on the
basis of adsorption of stable complex at the niiéglssurface. Theoretical fitting of different isetms, Langmuir,
Temkin, Freundlich and the thermodynamic modelgwtested to clarify the nature of adsorption. Péitatynamic
Polarisation curves revealed that this inhibitortas a mixed type inhibitor and the inhibition eifincy of up to
81% can be obtained.

Keywords. Milling tonia hortensis linin.HMTHL), Mild steel, Temkin's adsorption isotherrRptentiodynamic
polarization.

INTRODUCTION

Mild steel (MS) has been extensively used undderdifit conditions in chemical and allied industiie$handling
alkaline, acid and salt solutions. Chloride, sutphend nitrate ions in agueous media are partigudggressive and
accelerate corrosion. One way of protecting MS fammrosion is to use corrosion inhibitors. The kndwazardous
effects of most synthetic corrosion inhibitors &éne motivation for the use of some natural produtte recent
trend is towards environmentally friendly inhibsoMost of the natural products are non-toxic, bgrddable and
readily available in plenty. Several investigatidrase been reported using such naturally ocogisubstances as
corrosion inhibitor for several metals in differenedia[1-19]. Plant extracts constitute severahoig compounds
which have corrosion inhibiting abilities. The yledf these compounds as well as the corrosion itidnibabilities
vary widely depending on the part of the plant-P&) and its location [22]. The extracts from tleaves, seeds,
heartwood, bark, roots and fruits of plants havenbesported to inhibit metallic corrosion in acidiedia [20, 21,
23-36]. A summary of plants extracts used as saroinhibitors have recently been given in Okadbal [21]and
Raja and Sethuraman [37]. The aim of the presenk vgoto find a naturally occurring cheap and eonimentally
safe substance that could be used for inhibitiegctirrosion of mild steel. The use of natural paiduill establish,
simultaneously, the economic and environmentalgyoal
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MATERIALSAND METHODS

Experimental

Rectangular samples of area 4x1°t¢rave been cut from a large sheet of mild steel. Saraples were polished,
drilled a hole at one end and numbered by punchinging the study the samples were polished with gtade
emery papers, degreased in a solution of non-aedergent, washed with distilled water, dried, weid and stored
in desiccators for further use.

Ethanol extract of Milling Tonia Hortensis Lininwas prepared by the aerial part of plant colleeted dried in air
and then grained. 50g of grained powder was stdgeto extraction using ethanol(95%) . The solvear be
removed by boiled at constant temperature at@®acuum evaporator, finally the residue was ctdigcFrom the
residue the various concentration of inhibitor soh(0.3, 0.6, 0.9, 1.2, 1.5, 1.8%v/v) was preparéd the
solutions were prepared with AR grade chemicabiomble distilled water.

Polished specimens were initially weighed in arctetsic balance. Weighed samples are immersed Onml0 of
the ground water without and with different concatibns of the inhibitor for various intervals afe. They are
then taken out and then washed thoroughly withwiater, rinsed with distilled water, dried, storeddesiccators
and reweighed.

The parameters used for the present study are gisienv
1.Time:3h,6h,9h,24h

2. Concentration of the inhibitor : 0.3%, 0.6%, 0.9%, 1.2%, 1.5%,1.8%(v/v)
3. Temperatures: (303K, 313K, 323K, 333K) +2K

From the change in weight of specimens the cormosite was calculated using the following relatiops,

Corrosionrate= 82.75x W
AXT xD
W = Loss in weight in mg
A = surface area of the specimen fgm
T =Time in hrs
D = Density (7.2g/cm3)

Potentiodynamic Polarisation M easurement

Potentiodynamic polarisation studies were carrigidusing VSP primeton.100 ml of ground water withand with

1.8%(v/v)concentrations of the inhibitor was takenan electrochemical cell. The polished electrodes then
introduced. The electrode was placed at 0.8 m\fst@pen circuit potential. Thus the potential weanmied at 10
mV/sec towards the anodic direction in Tafel exttapon. Applied potential vs. current was plottadd on

extrapolation of linear portion to the corrosiortgrgial gives the corrosion current. In anodic aathodic plot, the
slope of the linear portion gives Tafel constafts and ‘b’ respectively. According to the Stern-Geary equiati
the steps of the linear polarization plot are stutstd to get corrosion current.

| corr = bx b,
2.3034BbyR,

Where, Rp is polarization resistance.

Determination of inhibition efficiency
By Tafel method
leorr = borr = leorry X 100
cofr
where,
lcorr IS COrrosion current without inhibitor
I conr(ny IS corrosion current with inhibitor.
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Impedance studies

Impedance measurements were carried out at vac@ussion potentials. An ac sine wave of 10 mV amgé was
applied to the electrode. The frequency which iseeafrom 10 KHz to 100 MHz was superimposed atdpen
circuit potential. The results are presented inftmen of Nyquist plot. All the measurements wereganted in the
corrosion potential. In Impedance method, the ahargnsfer resistance (Rct) is obtained from tlotspdf Z’ vs.

Z” (real part Vs imaginary part; Nyquist plot). @hvalue (B+ R;) corresponds to the point where the plot cuts Z
axis to the point where the semicircle cuts thexid at high frequency. The difference gives thevRlues, which
were substituted in the Stern-Geary equation to get

| corr = hx b,

2.303ft0) Rt

The k and R values were experimentally obtained.

RESULTSAND DISCUSSION

The inhibitor was tested for six different concatibns and their corresponding corrosiont rate deggpresented in
Table 1.(Figures 1,2)The addition of inhibitorsrig&ses the IE, irrespective of the time of immersithis may be
due to the adsorption of phytochemical constitueritthe extracts on the metal surface. The IE is%8%ht a
concentration of 1.8% v/v. The results concerneth tie effect of period of immersion at various cemtrations of
the inhibitors on mild steel in ground water argoathown in Table 2. The IE decreases with increatieme from
24hrs to 168hrs of period of immersion.

The effect of temperature on the inhibitory actiohthe inhibitor was determined by mass loss methatl
1.8%(v/v)concentration at different temperature®3(3313, 323, and 333) +2K for a fixed immersiandiof 3hrs.
The tabulated data (Table 3) reveal that, at a exnation of 1.8%v/v of the inhibitor the corraosioate has
increased with rise in temperatures. Though the aRincreased with temperature for a given conagon of the
inhibitor, there is irregular trend in the chandearhibition efficiency. However, the inhibitor ctilbe effectively
used at 313K and maximum efficiency being 82.14%.

Activation energy (B and thermodynamic data, such as change in fremgeiiG,q9, enthalpyAH), and entropy
(AS) for mild steel in ground water in the presencd g the absence of the inhibitor was calculates listed in
the table 4. The activation energy at differentgenatures and 1.8%(v/v) concentration of the irtbibin ground
water is calculated by plotting log C.R vs. 1/T(fig3 and 4). Evaluesfor inhibited systems are lower than those
for uninhibited system indicating that all the ibitdrs exhibit high |.E at elevated temperaturdse Tange of Hs
159.55 to 22.62 kJ/mol for MTHL in ground water.eThegative values &fG,4s(-12.58 to -14.22kJ) suggest the
strong interaction of the inhibitors molecules wdes low value ofAG.y indicated spontaneous adsorption of
inhibitors on MS surface. The negative valuesAsf (157.03 to 20.10 kJ/mol) indicate that the adsorptdf
inhibitor molecules is an exothermic reaction. Ttlgange in entropy was found to be greater than zero
(0.1078).This indicates that the reaction is irreil@e. It is clear that, the complete desorptibthe inhibitor is not
possible.

The surface coverage®)(values for different concentrations of the intobs in the both medium have been
evaluated from the weight loss data. At any instafitaction6 of the metal surface is covered by the inhibitor
molecules and the uncovered fractionf(Lreacts with acid as it does in the absence ointhibitor.

The nature of the inhibitor interaction with thermualing surface has been deduced from the adsarptio
characteristics of the inhibitor. Surface covergmlues are much useful to measure the adsorphiaracteristics.
The surface coverage of an inhibitor at any comegion is calculated using the equation

0= Wo-W
Wo
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Where Wo and W are the weight loss without and withibitor respectively and the values at différen
concentrations are presented in table 5.

The data were tested graphically to find a suitablsorption isotherm. A plot of Idé/(1-6)] against log C (figure
5) shows a straight line (R>0.8)dicating that adsorption follows the Langmuisarption isotherm. It is observed
that although these plots are linear, the gradiargsnever unity, contrary to what is expectedideal Langmuir
adsorption isotherm equation. Plant extract costairganic compounds having polar atoms or groupshware
absorbed on the metal surface may interact by rhrapalsion or attraction and this may be advocatethe reason
for the departure of the slopes values form uflibe number of active sites of the surface occupiedne molecule
of the inhibitor is given by the value of (1/y). graight line was obtained when the surface coeereas plotted
against log C for the inhibitor. This shows thag thdsorption obeys a Tempkin adsorption isothertichwis
graphically represented in figure 6. The plotsagfl vs log C are shown in figure 7. The linearity skawat the
adsorption of the inhibitor on mild steel surfaoddws Freundlich isotherm.

The various electrochemical parameters calculatea fTafel plot (figures8a,8b) are given in TableTée lower
corrosion current density(}) values in the presence of inhibitor without cagssignificant changes in corrosion
potential(E,) (-765.536 to -688.833 mv) suggests that the cam@gds mixed type inhibitor (i.e.., inhibit both
anodic and cathodic reactions) and are adsorbeatieoaurface thereby blocking the corrosion react&ince Qis
greater than fsuggesting that though the inhibition is underedixontrol, the effect of the inhibitor on the aitod
polarization is more pronounced than on the cathpdiarization.

Impedance diagram (Nyquist plot) obtained for nstdel 1N HCI in the presence of various conceminatiof the
inhibitor is depicted in figure 9. They are perfeemicircles and this was attributed to chargesfeanreaction.
Impedance parameters derived from Nyquist plotstavalated in Table 7. It can be seen that thisteexe has
increased and Jovalues has decreased. Decreasegjm@ich can result from an increase in thicknessledtecal
double layer, suggests that the inhibitor molecfuestion by adsorption at the metal-solution ifdee.

Table 1. Influence of concentration of inhibitor on percentage inhibition and corrosion rate.

S.No. | Inhibitor Concentration(v/v%) Corrosion Ratpf) | Percentage Inhibition Efficienc|

1 Blank 0.098( -

2 0.2 0.051: 47.62

3 0.6 0.0513 47.62

4 0.9 0.0280 71.42

5 1.2 0.0233 76.19

6 15 0.0192 78.12

7 1.8 0.0186 81.0

Table 2. Inhibition efficiency of mild steel in ground water in the presence of milling tonia hortesislinin.F
at 303K at different time period

S.No. | Immersion period Inhibitor concentration(vjv% Corrosion rate(mpy)  Percentage Inhibition efficg

1 24hours Blank 0.0980 -

1.8 0.0186 81.0
Blank 0.0544 B

2 72 hours 18 0.0202 62.8
Blank 0.0690 -

3 120 hours 18 0.0466 43.69
Blank 0.0793 -

4 168 hours 18 0.0513 25.60
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Table 3. Protection Performance of Milling tonia hortesislinin.F on mild stedl in ground water for 3 hrsat
different temperatures

S. | Temperature| Inhibitor Concentration| Corrosion Rate| Percentage Inhibition Efficienc Log| 1/T x 1C°
No. (K) (vIvV%) (mpy) C.RIT
1 303 Blank 0.0980 - -2.24

1.8 0.0186 81.0 -1.8] 330
2 313 Blank 0.3920 - -1.78

1.8 0.0700 82.14 -1.4| 3.19
3 323 Blank 0.667¢ - -1.51

1.8 0.5460 19.14 -1.29 3.09
4 333 Blank 0.8774 - -1.23

1.8 0.7094 18.8 -0.85 3.00

Table 4. Thermodynamic parametersfor mild steel corrosion in ground water with Milling tonia hortesislinin.F

SNo Ea -AG,a(kJ/mol) -AH AS
" | (kd/mol) | 303k | 313K| 323K| 333K| (kJ/mol) | (J/mol)
Blank | 159.55 - - - - 157.03 -
1.6 22.6: | 12.5¢ | 54F | 582 | 14.2: | 20.1( 0.107¢

Tableb. Influence of concentration of MTHL on surface coverage

Inhibitor concentration|

S-No. (V%) LogC | 0 | Logo | Log®/1-6) | Log/C) | Log(1-6)

1 Blank - - - - -

2 0.3 052| 047 034 005 0.20 0.21
3 0.6 022] 047 034 005 0.20 0.21
4 0.9 004 071 014 038 010] 053
5 1.2 0.07 | 0.76 041 050 019 061
6 15 017 ] 080 004  0.60 026 -0.69
7 18 025 080 004 0.0 034 069

Table6. The corrosion parametersfor mild steel in ground water with MTHL extract from polarization studies

. Ecorr VS SCE B Ba lcorr
S. No. | Environment
(mv) (mv) | (mv) | (uA)
1 Blank -429.261 | 154.1| 332.2 | 1411.38
2 inhibitor -382.288 | 170.1| 78.1 | 186.632

Table 7. The corrosion parametersfor mild steel in ground water with MTHL extract from impedance studies

S. No. | Environment| R(ohm) | CdI(F)

1 Blank 49.59 | 0.1597

2 inhibitor 124.9 | 0.0634
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Figure 1. Influence of concentration of milling tonia hortesislinin.F on percentageinhibition efficiency
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Figure 2. Influence of concentration of milling tonia hortesislinin.F on corrosion rate
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Figure 3. Arrhenius Plot for mild steel in ground water
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Figure 4. Arrhenius Plot for mild steel in ground water with MTHL extract
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Figure5. Langmuir adsor ption isotherm for theinhibition of corrosion of mild steel by MTHL in ground water
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Figure 6. Tempkin adsorption isotherm for theinhibition of corrosion of mild steel by MTHL in ground water
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Figure7. Freundlich adsorption isotherm for theinhibition of corrosion of mild steel by MTHL in ground water
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Figure 9. AC impedance of mild steel in various environments
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(a) Nyquist diagram for mild steel in ground water
(b) Nyquist diagram for mild steel in ground watéth MTHL extract

CONCLUSION

The following conclusions were made from the foliogvstudies,
1.The corrosion rate of mild steel in ground watecréases with increase in concentration of MTHL.
2.The inhibition efficiency increases with pest to the concentration of the inhibitor andcrdases with
rise in temperature from 303K to 333K.
3.The maximum inhibition efficiency of MTHL is foanto be 81.0% at 1.8(%v/v) of inhibitor from makss
studies at 303K.
4.The decrease in the energy of activation valudates that the addition of plant extract Metdlssolution
and also indicates that decrease in the adsorpfiche inhibitor on mild steel surface withciease in
temperature.
5.The negative values ?fG indicates that the MTHL is chemically adsalaad spontaneous adsorption of
inhibitors on the surface of mild steel.
6.The higher value of heat of adsorption also showed the inhibition efficiency decrease With rise
temperature.
7.The low positive enthalpy value of adsorption védent that the MTHL was strongly adsorbed on thiklm
steel was probably physisorption.
8.The adsorption of MTHL on mild steel surface frohe tacid solution followed Tempkin,Langmuir and
Freundlich adsorption isotherms.
9.The results of polarization study showed that fivenulation function as a mixed type inhibitormore
predominantly controls the anodic reactions.
10. The AC impedance spectral studies revealed thedtion of a film with higher resistance than ttbh
the blank solution.
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