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ABSTRACT

The influence of aqueous extract of Tridax procumbens leaves (TPL) on corrosion of aluminium in 0.5 NaOH
solution was studied using chemical and electrochemical techniques. It was found that the inhibition efficiency
increased with the increase of Tridax procumbens extract upto 900 ppm. Beyond this concentration there is no
improvement in the inhibition efficiency. Electrochemical measurements revealed that TPL extract acts as a mixed
type inhibitor. Adsorption of TPL extract was found to follow Langmuir adsorption isotherm. The results obtained
from chemical and electrochemical measurements are in reasonably good agreement. The protective film formed on
the surface of aluminium by the adsorption of water-soluble chemical constituents of TPL extract was confirmed
using scanning el ectron microscopy studies.

Keywords: Corrosion inhibitorsTridax procumbens leaves extract, Aluminium corrosion, Langmuir agsion
isotherm, mixed type inhibitor.

INTRODUCTION

Aluminium presently finds extensive use in indwdtras well as domestic applications due to it lggdight,

strength, durability and formability. By naturepmdinium is a highly reactive material. It has aywhigh affinity

with oxygen [1]. When a new aluminium surface ip@sed in the presence of air (or an oxidising ggéntvery

rapidly acquires a thin, compact, hard, tightly exdiing, protective, self healing film of aluminiunxide (about 0,5
in air). In non-stagnant water, thicker films (ofdnated oxide) are produced. Alkali destroys thetqmtive
aluminium film very quickly because Olibns are positively adsorbed [2] and hence disgoiuate of aluminium
is very high. The presence of the oxide layer maltaminium very suitable for many applications. §film is

relatively inert chemically. It is on the inactiyiof the surface film that the good corrosion riegise of aluminium
depends [3].

The use of chemical inhibitors has been limitedalbse of the environmental threat. Due to envirorielen
regulations, plant extracts have again become itapbibecause they are environmentally acceptabledily
available and renewable source for a wide rangeeefled inhibitors. The green inhibitors are thalaiks and
flavonoids and other natural products obtained froatural sources like plant. It can be extractedshmple
procedures with low cost and also includes synthmimpounds with negligible toxicity. By using lesvextracts,
inhibitive properties of mild steel, carbon steglyminium in acid as well as basic medium was swd##,5]. For
instancebamboo leaf extract [6], cocosnucifera L. [7], rosemary oil [8], pine apple leavenanascomosus L.) [9],
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olive leaves [10], Natural honey [11] have been studied as effectoreosion inhibitors in medium. This is reports
the influence of aqueous extract Bfidax procumbens leaves extract for the corrosion of aluminium ibN
alkaline solution by cnemical and electrochemieshhiques. The effect of temperature on the carnosate of
aluminum in presence of an optimum concentratiothefextract was also investigated and some themaodic
parameters for activation process were computedieedssed.

MATERIALS AND METHODS

Material preparation

Aluminium specimens of 4.1cmx 1.1cm x 0.11cm coritg 0.348% Fe, 0.080% Cr, 0.024% Mn, 0.023% TI,
0.021% Zn, 0.015% Cu and remainder Al were usedhemweight loss studies.. The aluminium specinfenshe
electrochemical measurements were machine cutiéstoelectrodes of dimensions, 4.1cm x 1.1cm xdbrlénd
coated with epoxy resin (araldite) leaving a swefarea of 1 cf The corrosive medium, 0.5M NaOH solution was
prepared from analytical reagent grade NaOH artdleiiswater.

Preparation of extract of Tridax procumbens leaves

The Tridax procumbens leaves extract (TP) were collected and cut intalspieces and they were dried in an air
oven at 78C for 1h. They were ground well into powder. Frduisf 20g of the sample was refluxed with in 200ml
distilled water for 1hour. The refluxed solution svitered carefully and the filtrates were heatedsand bath to
evaporate fully the moisture content to get thedlinhibitor sample [12]The inhibitor concentrations of 100, 200,
300, 400, 500, 600,700, 800 and 900ppm were prepardouble distilled water using 0.5M NaOH soluatio

Techniques used for the study

Weight loss measurements

Weight loss measurements were carried out as thescalsewhere [13Aluminium specimens were immersed in
100ml of inhibited and uninhibited solutions forhts at 36C. The corrosion rate (mmpy) and the inhibition
efficiency were calculated using the following etijoias:

. kwW
Corrosion Rate (mm =
( py)

where, K = 87.6 (constant), W = weight loss (mg}; Area (cm), T =time (h), D = density in (gfym

Inhibition Efficiency (%) = (W g — W, / Wg ) x100

where, W and W are weight loss per unit time in the absence aaggnce of TP .

Weight loss measurements were also performed siugaimmersions from 1h to 24h in an optimum comeion

of the TP at 3%C. From the initial and final weight of the speciméhe loss in weight was calculated and the

efficiencies of inhibitor at various immersion tim@ere calculated.

Determination of surface coverage
The degree of surface covera@gwas calculated from the weight loss measurenestlts using the formula [14];

— WB - Wl

WB
Where, W is the weight loss in the absence of the extigtis the weight loss in the presence of the extrBog
data were tested graphically for fitting a suitaletherm.

Surface Coverag¢)

Potentiodynamic polarization studies

Potentiodynamic Polarization measurements werdechout using EG & PAR potentiostat/galvanostat ¢elo
173) analyzer a universal programmer in a conveatithree- electrode glass cell. A platinum foilsofiface area
2cnf was used as the auxiliary electrode and a satlcatiemel electrode as the reference electrodeh Boodic
and cathodic polarization curves were recordechinabsence and presence of an optimum concentati®RL
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from a cathodic potential of -1700mV to an anodatemtial of -500mV (vs. SCE) at a sweep rate of 1per
second. From the polarization curves, Tafel slopesosion potential and corrosion current werewaled.
The inhibition efficiency was calculated using themula;

Inhibition Efficiency (%) = (| corr — *corr / lcorr )X100
Where, Lo and I*,,, are corrosion current in the absence and pres#nideL extract

Electrochemical Impendance studies

The cell set up was the same as that used foripatimn measurements. A time interval of 10 to liButes was
given for the system to attain a steady state apemuit potential. Then over this steady state ptiad A.C.
potential of 10mV was superimposed. The A.C. freqyevas varied from 100MHz to KHz. The real parf) @d
imaginary part (Z") of the cell impedance were mgad in ohms for various frequencies. The &d G, values
were calculated.[15]

Cui = 1/ 2nfnalR

Where Rids charge transfer resistance and Cdl is doubler legtpacitance. The experiments were carried otltein
absence and presence of an optimum concentratiomhdfitor. The percentage of inhibition efficienayas
calculated using the equation [15].

R%- R
[ e —— x 100
R

Where R and R are the charge transfer resistance in the presenttabsence of AVL extract.
RESULTS AND DISCUSSION

Weight loss method

The weight loss studies was performed with varicoiscentrations ofPL extract ranging from 100-900 ppm to
study the influence of various concentrationsTBL extract and immersion time on the corrosion irtiohbi of
aluminium in 0.5N NaOH solution at %0 for a period of 2 hours. The corrosion paramebétsined from weight
loss measurements for aluminium in 0.5N NaOH sotuitontaining various concentrations L extract are
given in Table -1. It was found that with the rieeconcentration offPL extract from 100 to 900 ppm, the weight
loss of aluminium decreased, and the inhibitioncifficy increased 42.38% to 93.35%. Beyond thixceatration
(900 ppm), there is no improvement in the inhibitefficiency. This result indicated that 900 ppnthie optimum
concentration to get maximum corrosion protectiondluminium in 0.5N NaOH usin@PL extract. The variation
of inhibition efficiency with various concentratisiof TPL extract on aluminium in 0.5N NaOH as shown in Fig.1

Table -1 Corrosion parameters obtained from weightoss measurements for aluminium in 0.5N NaOH solutih containing various
concentrations of TPL extract

Con_c.entration of Weight loss(mg) Corrosion rate, IE% Surface coverage

Inhibitor (ppm) Cr (mmpy) area, 0
Blank 0.2515 404.63 - -
100 0.1449 233.12 42.38 0.42
200 0.1145 184.21 54.47 0.54
300 0.0916 147.37 63.57 0.63
400 0.0663 106.66 73.63 0.73
500 0.049 78.83 80.51 0.8
600 0.0333 53.57 86.75 0.86
700 0.0241 38.77 90.41 0.9
800 0.0205 32.98 91.84 0.91
900 0.0167 26.86 93.35 0.93
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The effect of immersion time from 2 hours to 24 towas also studied. The inhibition efficiency waand to
decrease from 93.35 % to 82.52 %. The effect of énsion time on percentage inhibition efficiencyatdminium
in 0.5N NaOH at 3% in presence of an optimum concentration (900 ppMJPL extract is given in Table-2
(Fig.2). Though 82.52% inhibition efficiency wastaimed even at 24 hours of immersion time, the manrn
inhibition efficiency was found at 2 hours. Henasing weight loss method, it was found thBL extract acted as
corrosion inhibitor for aluminium in 0.5N NaOH medi at an optimum concentration of 900 ppm for agokeof 2
hours at 36C.

Potentiodynamic polarization method

Fig.3 shows the polarization curves for aluminiumG.5N NaOH solution in the absence and presencanof
optimum concentration ofPL extract and their corresponding potentiodynami@apohtion parameters are given in
Table 3. It can be seen from the table that theos@n potential was not shifted significantly irepence of the
extract suggesting that thEPL extract control both anodic and cathodic reactions to ihilve corrosion of
aluminium by blocking active sites on the aluminisorface. Hence, it is inferred that the inhibitiaction is of
mixed type [16]. On the other hand, the corrosiorrent density was markedly decreased upon thdiaddif the
extract in 0.5N NaOH solution. The extent of itdase, increased with the addition of 800ppm efektract and
the maximum inhibition efficiency of 67.86% was ebged as in weight loss method.
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Fig.1 Variation of inhibition efficiency with vario us concentrations of TPL extract on aluminium in GNNaOH solution

Table — 2 Effect of immersion time on percentage mbition efficiency of aluminium in 0.5N NaOH at 30°C in the presence of an
optimum concentration (900ppm) of TPL extract

Inhibitor Efficiency (%)
System Time (h)
1 2 3 4 5 6 7 24
900ppm of TPL

92.1 93.3 92.2 92.1 92.5 91.4 90.1. 82.52
Extract
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Fig.2 Effect of immersion time on percentage inhittion efficiency of aluminium in 0.5N NaOH at 30°C mpresence of an optimum

concentration (900ppm) of TPL extract
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Fig. 3 Potentiodynamic polarization curves for alunmium in 0.5N NaOH solution in the absence and presice of an optimum
concentration of TPL extract (1)Blank (2)800ppm ofTPL extract

Table -3 Potentiodynamic polarization parameters foaluminium in 0.5N NaOH solution in the absence ath presence of an optimum

concentration of TPL extract

- Tafel
Inhibitor
(ppm) Ecorr(MV) | lcor(MA) IE% Ba (MV)/dec Bc (MmV)/dec
Blank -1647.775 8133.057 - 435.4 269.4
800(TP) -1616.017 2613.731 67.86 391 239.9
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AC-impedance measurements

The corrosion behavior of aluminum in 0.5N NaOHtle absence and presenceToifdax procumbens leaves
extract was investigated by AC- impedance methdfihtbout the charge transfer resistancg @Rd double layer
capacitance (§. From these parameters, the inhibition efficiemes calculated. The AC impedance Nyquist
graphs (Fig.4) for aluminium in 0.5N NaOH in thesahce and presence of an optimum concentratiofridéx
procumbens leaves extract and their corresponding impedaacenpeters are given in Table.4. It can be seen from
the figure that the obtained Nyquist plots are as®mi circular in nature due to charge — transfecess mainly
control the corrosion of aluminium. From the Nyduilsta it can be seen that there is an increaseeircharge
transfer resistance or polarization resistancg (Rlues and decrease in double layer capacitabgevalues in
presence of inhibitors, indicating that there &able adsorption layer formed on the aluminiumaingtrface. The
maximum R, value of 7.83® cn? and minimum @ value of 20.33uF/cn? were obtained at the optimum
concentration 900ppm of the extract gave a maximninibition efficiency of 70.73%. This result has ogb
agreement with the results obtained from non-abetiemical weight loss method and electrochemical
potentiodynamic polarization and AC — impedancehoes.
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Fig.4 Impedance diagrams for aluminium in 0.5N NaOHsolution in the absence and presence of an optimuconcentration of TPL
extract (1) Blank (2) 900ppm of TPL extract

Table — 4 Impedance parameters for the corrosion afluminium in 0.5N NaOH in the absence and presenc# an optimum
concentration of TPL extract at 36C

Nyquist
Inhibitor ya
m
(ppm) R (ohmenf)  IE% Ca (nF/cnt)
Blank 2.293 - 0.101
900(TP) 7.834 70.73 20.33

Effect of Temperature

The effect of temperature in the range of@@o 70C on the corrosion behavior of aluminium in 0.5NQM&
solution in the absence and presence of an optimomeentration of the extract was studied using hteigss
method. Table-5 shows the corrosion rate and itibibiefficiency of aluminium in 0.5N NaOH solutidn the
absence and presence of the TPL extract at difféeemperatures. It can be seen from the tablethigaincrease in
corrosion rate is more pronounced with the riseemperature for the uninhibited alkaline solutibart the inhibited
solution suggesting that the extract was adsorbethe aluminium surface at all temperatures stu@@dThe
effect of temperature on the corrosion inhibitioh auminium in 0.5N NaOH in presence of an optimum
concentration ofridax procumbens |eaves extract as shown in Fig.5

19
Pelagia Research Library



G. Kiruthiga and Shanmugam Rajendran Der Chemica Sinica, 2015, 6(9):14-24

Table -5 Corrosion of aluminium in the absence angresence of an optimum concentration of TPL extrac(900ppm) in 0.5N NaOH at
various temperatures obtained by weight loss method

System TemperatureOC) Corrosion Rate (mmpy) Inhibition Efficiency(%6)
30 385.16 -
40 681.51 -
Blank 50 1011.65 -
60 1793.24 -
70 2116.94 -
30 30.24 92.14
40 80.76 88.14
TQF?E FI)EE)dTac():: 50 174.07 82.79
60 427.31 76.1
70 888.63 57.9
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Fig.5 Effect of temperature on the corrosion inhibiion efficiency of aluminium in 1N NaOH in presenceof an optimum concentration of
AVL extract

Mechanism of corrosion inhibition

The energy of activation, ;zand enthalpyAH values calculated for the corrosion processethénabsence and
presence of the inhibitors are given in the Table$he E and AH values for the corrosion processes, in the
presence of inhibitors are higher (more positiventthose of the blank. Higher the values gihEpresence of the
extract compared to that in the absence of thaeixtvas attributed to physical adsorption [17]. Tiegative values
of heat of adsorption ({) prove that the adsorption of the inhibitors oa thetal surface is a spontaneous process
[18]. The positive value of enthalpy of adsorptiid suggests that the reaction is endothermic anddserption of
the extract on the metal surface takes place. Himmature survey, it was found that Pyrrolizididdkaloids
containing nitrogenous compounds present in theekea@xtract offridax procumbens [19] as shown in fig. the
inhibition mechanism involved in this is due to @msorption of inhibitor on the surface of the rhatad forming a
compact protective thin layer on the aluminium acef It provokes the corrosion of aluminium in 0.8IdOH
solution.
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Table.6 Calculated values of activation energy(#, enthalphy of adsorption AH), and Qa4sin the absence and presence of an optimum
concentration of TPL extract

Thermodynamic parameters for the adsorption of TP on aluminium surface [ Temperature range 313K -333K]

C?]ngt Of Ea AH Qads
inhibitor 1 1 1
kJmol kJmol kJmol
opmy | (Imol™)  (kamol™) (kamol ™)
Blank 39.29 36.77 -
900 71.22 68.7 -37.67

Thermodynamic parameters for the adsorption of TP on aluminium surface [ Temperature range 313K -333K]

Conc. Of
inhibitor
(ppm)
Blank 41.19 39.32 -
900 72.19 69.59 -36.39

Ea AH Qads
(kImol™) (kImol™) (kImol™)

1000 -
900 -
800 -
700
600 -
500
400 -
300
200 -
100 -
0 | | |
0 200 400 500 800 100G

c/6

Concentration (ppm)

Figure — 6: Langmuir adsorption isotherm of variousconcentration of TPL
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The adsorption of these compounds on the aluminuriace made a barrier for mass and charge transfers
situation led to the protection of aluminium sugidoom the action of aggressive ions of the all@bolution. The
degree of protection increased with surface cowerag the adsorbed molecules. As the extract corateort
increased, the number of adsorbed molecules osutface increased. Surface covera@ewhich was estimated
from the inhibition efficiency values using weigbss method could be used to represent the fracfidine surface
occupied by the adsorbed molecules. The valuesudhee coverage6) for various concentrations diridax
procumbens leaves extract are given in Table-1. The use of adsorptsmtherm provides useful insight into the
corrosion inhibition mechanism. A plot of @Cersus C gave a straight line with unit slope sstg that the
adsorption of various concentrationsTafdax procumbens leaves extract on the surface of aluminium in 1N NaOH
solution follows

Langmuir adsorption isotherm (Fig.8).

Surface Analysis

Surface examination of the aluminium specimens weaee using VAGH3 SBH —Scanning electron microscope
(SEM) with the magnification of 1000X. The alumimuspecimens after immersion in 1IN NaOH solution Zor
hours at30°C in the absence and presence of opticomtentration of th@ridax procumbens |eaves extract were
taken out, dried and kept in a desiccator. Theiiase was examined by SEM studies are shown i®k&g& b).

SEM HV: 10.0 KV WD: 17.74 mm VEGA3I TESCAN

View field: 135 pm Det: SE 20 pwrm

SEM MAG: 1.02 kx Date(mJidiy): 02/20/14 NATIONAL COLLEGE, TRICHY

Fig.7: SEM image of aluminium (pure metal)
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SEM HV: 10.0 kW = - VEGAZ TESCAN

Z | &

I\_"’
L .
SEM HW: 20.0 kW WD: 16.35 mm VEGA3 TESCAN

View field: 118 pm Det: SE 20 pm
SEM MAG: 1.18 kx | Date(m/idiy): 0TI29/M15 NATIOMAL COLLEGE ,TRICHY

Fig.7b: SEM image of aluminium immersed In 0.5M Na® solution with TPL extract
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CONCLUSION

The results obtained in the present investigateonte summarized as given below:

« The present study deals with the corrosion intohitof aluminium by using green inhibitor, viZlyidax

procumbens leaves extract in 0.5M NaOH medium.

< When an aqueous solution of TPL is used as irgribit has a maximum of 93.35% IE for 2h duratior8&C

of 900ppm concentration.

% The TPL extract control both anodic and cathodéctiens by blocking the active sites of aluminiwmface and
thus the inhibition is of mixed type.

« The TPL extract inhibit the corrosion of aluminium0.5N NaOH solution by strong adsorption of itemical
constituents on the aluminium surfaces obeys Lamgadsorption Isotherm.
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