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Abstract - The seed husk extract détropha curcashas been studied for mild steel corrosion intohitin acid
medium. Traditional weight loss data obtained ar fdifferent temperatures are used to evaluatdititm efficiency
(IE) and thermodynamic parameters such as headsairption of the inhibitor on the metal surfacg, @ange in free
energy of the reaction (), corrosion rate and energy of activation forresion reaction of mild steel (E). Temkin's
adsorption isotherm was plotted to verify the natof adsorption of the inhibitor on the metal soefalnfra red
spectra were documented to fix the functional groegponsible for inhibition. The electrochemicatgraeters are
evaluated from the potentiodynamic Tafel polarmatand impedance spectral studies. The surfaceholagy of the
mild steel is analyzed using the SEM images. Adl tbsults obtained reflect that the seed husk extfa). curcasas
an effective eco-friendly and alternate corrosiambitor for mild steel in acid medium.
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1. Introduction

Jatropha curcasan economically important plant for the productaf biodiesel can grow easily in fertile and
even in less fertile soil. It belongs to the famifyEuphorbiaceae. Jatropha oil, obtained by cngstiie seeds is used
as biodiesel. The residue finds application as w@wcgofor generating electrical energy as well derélizer. Yet
another potential application of the seed husk asosion inhibitor for mild steel in acid medium éstablished
through this study.

Mild steel, an alloy of iron is widely used in pethemical, chemical and metallurgical industri¢ss lalso used
as a construction material owing to its excellerdchanical properties and cost effectiveness. Hokyateasily
undergoes corrosion in various environmental cdomkt especially in acid medium. HCI find variougpbgations in
those industries as pickling, etching, descaling) @eaning agent, but it instigates corrosion itdrsteel. It is already
proved that organic compounds having heteroatomseaused as effective corrosion inhibitors fordnsteel in acid
medium [1-5]. As most of the synthetic chemicale found to be harmful to the environment, reseavorks are
much focused on plant extracts for corrosion irtohi and found to be successful [6, Hrunus cerasug8],
Parthenium hystophrou$9], Ficus exasperatg10] Citrus aurantiifolia [11], Musa acuminate[12], Solanum
tuberosunj13], Azadirachta indicg14], Andrographis paniculat§l5], Fenugreek leaveld 6], Beet root [17] andea
wastes [18] are also evaluated for anticorrosi@aperties. Since natural extracts obtained fromtplare eco-friendly,
the inhibition effect ofl. curcasseed husk extract on mild steel corrosion in hgdiaric acid medium is analyzed in
this study.
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2. Experimental details

2.1.Mild steel specimen

The entire study was carried out using Mild Stédé5) specimen of composition, Fe = 99.51%, P = 0.0B% =
0.034% and C = 0.01%. MS specimens of size 4.®x .19 cm and MS powder were used for weight &ow$ IR
studies respectively. For SEM and electrochemiealies, specimens with an exposed area of 4veene used. These
specimens were degreased with trichloroethylenepatighed mechanically with different grades of eyneaper to
obtain very smooth surface. For the entire studye pHCl (Merck-6175260503173@nd double distilled water were
used.

2.2. Preparation of the extract and corrosive enviromte

509 of dried powder af. curcasseed husk was refluxed with 100 ml of 5% HCI foedour. The extract was cooled,
filtered off and made up to 100 ml using doubléiltsl water.

5% (v/v) HCI solution prepared using double distlllwater was used as corrosive environment. Fhisn 100 ml
each of the test solutions of 2, 4, 6, 8, 10% (¥AQurcasseed husk extract in 5% HCI were prepared.

2.3. Weight loss and thermodynamic studies

Previously degreased, polished and weighed milel sfgecimens were immersed in 100 ml test solutwitis and

without different concentrations of inhibitor forpgriod of one hour at four different temperaturies, 303, 308, 313,
and 318K. Then these specimens were washed withlelalistilled water, dried well and weighed usBchimadzu
AUX220 balance.

2.4. Infra Red Spectroscopic studies

FTIR spectra ford. curcasliquid extract and the dried product formed betwéeely powdered MS specimen and
concentrated solution of the extract were recoteiveen a frequency range of 4000ctn 400cnT using Bruker
FTIR model- Tensor 27

2.5. Surface characterisation studies

Potentio-dynamic Tafel polarization studies wereied out with platinum, calomel and MS specimenaasiliary,
standard and working electrodes respectively. Riotglynamic polarization studies were carried dwt aweep rate of
1mV/sec. Potential (E) versus current (I) plots eveecorded. Impedance measurements were carrieth dhe
frequency Range of 10KHz to 10mHz. The electrodhahparameters were studied in HCI medium with aittiout
different concentrations of the extract. All theseasurements were carried out using Solartron m8tE280B
electrochemical measurement unit.

Scanning Electron Microscope (SEM) photographs wecerded for polished mild steel specimen, spegimgosed
to 5% HCI corrosive environment and specimen imeig 10% inhibitor test solution. Scanning wasealamh 10K
using Hitachi S-3000H model scanning electron nscope.

3. Results and discussion

The |E values calculated from the weight loss stsidiarried out at four different temperatures avergin table 1.
The data clearly illustrates that the IE increasis increase in concentration of the inhibitor.idmcrease is further
confirmed from figure 1. However the inhibition iefency is found to decrease with rise in tempeetat higher
concentrations. Below 2% inhibitor concentratidme 1{E is not so significant. When the exposure timprolonged
above one hour, IE is found to decrease and tieetaff drastic after four hours as revealed inrég2i

Table 1Weight loss data

% Conc. (v/v) Weight loss. g Inhibition fficiency %

o the Inhibitor T 308k | 313K | 318K | 303K | 308K | 313K| 318K
0 0.0417 | 00488| 0.0561  0.0666 - - - -
2 0.0032 | 00043| 00061 0.0079 9237 9119  89.43 1488
4 0.0024 | 0.0036| 0.0049  0.0062 9427 9262  9L.k7 6990
6 0.0010 | 00027| 00035  0.0048 9544 9446  93.76 7992
8 0.0015 | 00021| 00029 00036 9640 9569 9483 5%4
10 00012 | 00017| 00023  0.0032  97.12 9682 9500 .1995
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Fig. 2. Effect of time on inhibition efficiency

The heat of adsorption, Q is obtained by plottlﬁ)@q/l- q againsﬂ/T , whereq is the fractional surface
coverage area of the inhibitor on the metal at ®nafpre, T. The obtained negative slope is equitate
- Q/2.303R. From the slope value, Q is calculated [19]. Theapy change (S) for the adsorption process is

obtained by plotting a graph betwdag(corrosion ratq! 'I) agains]l/T . The obtained intercept is equivalent
toIOg(R/ Nh) +D$2.303F, from which, S is calculated [20]. G, free energy change [21] for the adsorption is

calculated using the formua2. 30RT log55.%K whereK = (q/l- q)/C

The Q, Sand G values are given in table 2. The Q values aradda be negative and hence the adsorption
is an exothermic process, which is attributed urigodusly to adsorption of the inhibitor on the niesarface [22].
The S values are high and negative revealing disomerder of the natural inhibitor through adsorpt@mmthe metal
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surface. The meanG value for this adsorption process is -12KJ/mable Tiegative free energy change values confirm
the spontaneous adsorption of the chemical comgsrténough physisorption and chemisorptions as waslithe
stability of the adsorbed inhibitor layer on thetatesurface [21, 23].

Table 2 Heat of corrosion reaction and change in free gndaga

% Conc. Q in KJ/mol S in J/mol G in KJ/mol
(v/v) of the

inhibitor 303K 308K 313K 318K

2 -236.96 -14.64 -14.49 -14.13 -14.09
-27.44

4 -28.79 -217.82 -13.68 -13.22 -12.95 -12.97
6 -25.68 -198.67 -13.27 -12.96 -12.84 -12.63
8 -24.24 -179.52 -13.16 -12.90 -12.61 -12.69
10 -28.72 -160.37 -13.18 -12.89 -12.66 -12.43

The corrosion rate in mmpy is calculated usingftimeula
Corrosion rate=87.6° W DA1 )
where ‘W’ is the weight loss in mg, ‘D’ is the détysof mild steel, ‘A’ is the area of exposure inff’ and ‘T’ is the
time in hours [9].
E, energy of activation is obtained using the fdamu

logS,/ S= F2.30317T- 17 @)

where $and S are the corrosion rates at temperaturgand T, respectively [24, 25].

The values of corrosion rate and E are given itetdbThe corrosion rate is decreased tremenddigsty the
blank even at the lowest concentration of dheurcasextract. The corrosion rate has decreased venhrfrom the
blank value at the maximum concentration of 10%hitbr. The ‘E’ values are higher from the blankiua for a
temperature range of 303-318 K irrespective ofdtecentrations of the inhibitor. This indicates tequirement of
more energy for corrosion reaction to occur inghesence of inhibitor [26].

Table 3Corrosion rate and energy of activation data

% Conc. (v/V) Corrosion rate, mmpy E in KJ/mol for the range (K)

of the inhibitor | 303K 308K 313K 318K 303-308 308-311 313-318
0 25.46 29.79 34.25 40.66 24.36 22.36 28.42
2 1.95 2.62 3.72 4.82 45.83 56.15 21.54
4 1.47 2.19 2.99 3.78 61.84 49.88 38.81
6 1.16 1.65 2.14 2.93 54.66 41.65 52.04
8 0.92 1.28 1.77 2.19 51.23 51.94 36.31
10 0.73 1.04 1.40 1.95 54.91 47.63 54.89

Temkin’s adsorption isotherm is plotted between@gndg, where ‘C’ is the concentration of the inhibitor
(figure 3). The graph clearly shows that the adsonpof the inhibitor on the metal surface incres;aas the inhibitor
concentration is raised [11].
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Fig. 3. Adsorption isotherm

Fig. 4 and 5 are the IR spectraJofcurcasseed husk extract and the product formed betwegaot>and MS
powder. IR studies reveal the functional groupspoesible for the corrosion inhibition through ags@n. On
comparing the spectra, there is a downshift frori638 to 3410.7 cih which is attributed to the change in the
stretching frequencies of hydroxy and amino gro@p$d stretching frequency of —GHCO- has downshifted from
2928.5 to 2925.9 cth A marked shift from 2089.9 to 2359.6 ¢ris observed for N-H stretching for amino group in
the presence of HCI. Carbonyl group frequency isrghifted from 1634.9 to 1629.7 émA downshift from 1413.9
to 1370.6 crit is observed for C-N of amide group. O-H in plémeading vibration has downshifted to 1030.7 from
1051.1 crit. Hence it is obvious from the analysis that thieiition is due to adsorption of hydroxyl, aminodan
amide groups of phenolic, protein, lipids and ligmolecules of the extract [27].
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Fig. 4. IR spectra of the J. curcas extract

123



J. Mater. Environ. Sci. 1 (2) (2010) 119-128 Vinod et al.

3500 3000 2500 2000 1500 1000 500

Transmittance [%)
60 65 20 75 80 8 WV 95 100
60 65 20 75 80 8 WV 9% 100

3i10.60 —

1 I ) I 1 1 1
3500 3000 2500 2000 1500 1000 500
Wavenumber cm-1

Fig. 5. IR spectra of the product between J. cueesact and MS powder

The values of electrochemical parameteush as open circuit potential (OCP), corrosioreptgl (Eo),
corrosion current {},), anodic and cathodic Tafel slopes, émd h), charge transfer resistance.JRdouble layer
capacitance (& and IE obtained from electrochemical measuremamsgiven in table 4. A mixed mode of
inhibition is revealed by the E; values as they do not increase or decrease igudaremanner from the blank value.
The mixed mode of inhibition is again proved by ttaues of hand R which also do not increase or decrease in a
regular manner. The steady decreasggjnvilues with increase in inhibitor concentratioraisindication of decrease
in corrosion reaction because corrosion curreptaportional to the magnitude of corrosion reactigure 6).
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Fig. 6. Plot correlating Icorr and Ecorr with contration of the inhibitor

The G, values are found to decrease from the blank witheiase in inhibitor concentration, which expose th
increased level of adsorption of the inhibitor b metal surfac28]. This adsorption is due to the electronegativ
hetero atoms of the organic constituents of theaekbn the electropositive metal surface. Thel$e confirmed from
the IR analysis. The increase in resistance towdnglsharge transfer reaction viz., corrosion ieaawith increase in
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inhibitor concentration is shown by the increasedvRlues. All the electrochemical parameters confthat the
corrosion control depends on the concentratiom@fithibitor, which is evident from figures 7 and 8

Table 4 Electrochemical parameters of corrosion inhibitign]. curcasextract

% Conc. OCP Ecorr lcorr ba be Rt Ca %IE

(VIV) (mV) (mV) (UA) (mV/dec)| (mV/dec)| (Ohm/cnd) (mA/cm?)

Blank -0.5151| -0.4939] 0.002674 150.91 226.11 5.8037 6.08 X 10° -
2 -0.5771| -0.5669] 1.96X f0| 91.97 168.23 105.04 2.87X10| 92.29
4 -0.5710| -0.5631] 1.72Xx f0| 98.16 188.33 145.62 2.67X10| 93.58
6 -0.5669 | -0.5654| 1.62X 0| 103.57 188.99 169.91 2.49X10| 93.96
8 -0.5621 | -0.5579 1.46X T0o| 108.32 231.80 209.59 2.61X10| 94.55
10 -0.5622| -0.5630 1.42X f0o| 98.31 176.47 173.60 3.05X 10| 94.68

In order to evaluate the surface morphology of rsileel, SEM photographs were recorded for MS sarfac

and MS specimens exposed to test solution withvdtitbut inhibitor. The SEM photographs are giverigures 9, 10
and 11. The specimen immersed in the inhibitortsmis has apparently smooth surface when compaitbdtirat of
corroded rough and uneven surface of mild steelémed in HCI alone. This is due to the adsorptibmbibitor

molecules on the metal surface forming a protedtiyer [29].
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Fig. 7. Impedance spectra
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Fig. 8. Tafel polarization plots
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Fig. 9. Polished mild steel surface
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Fig. 10. Mild steel exposed to 5% HCI alone

Fig. 11. Mild steel sample exposed to 5% HCI havifgb inhibitor
4. Conclusion

The weight loss study clearly depicts that cormsithibition efficiency of). curcasextract increases with increase in
inhibitor concentration and decreases only marbjirzd the temperature is raised. The spontaneitigeofdsorption of
inhibitor on the metal surface is revealed by thermodynamic analysis. The enhanced adsorptiorhenntetal
surface by inhibitor with increase in concentratisrillustrated from the various graphical studi€ke adsorption of
the inhibitor on the metal surface is accrediteth®lone pair of electrons present in the hetéwma of thel. curcas
extract. This is further confirmed from IR spectstldies. The electrochemical parameters specdfyntixed mode of
inhibition. The photographs of the SEM study evitieflocus the protective nature of the extract omgld steel.
Therefore, it is obvious that the seed husk extodict. curcasis an effective, eco-friendly and alternate comwasi
inhibitor for mild steel in HCI medium.
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