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Inhibitory effect and adsor ption parameter s of extract of leaves of Portulaca
oleracea of corrosion of aluminium in H,SO, solution
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ABSTRACT

The inhibitory effect of the extract of leaves oftBlaca oleraceaon the corrosion of aluminium was investigated
by the weight loss method at the temperature ranfg805 K to 315 K in 2 M $$Q, solution. The inhibition
efficiency (IE %)was found toincrease with increaseboth the inhibitor concentration and temperauihe
increase in IE% with rise in temperature is sugiyesbf chemical adsorption process. The unchangddevof
activated energy, Ea, with change in concentrataomd increase in Gibb's free energy value with rige
temperature are further evidence supporting theppsed chemical adsorption mechanism. The evaluatat of
adsorption values are all positive, an indicatidmt the heat of adsorption process onto aluminumiasa is
endothermic.The negative values of entropy of atiti, 41S*,4,Signify that the activated complex in the rate-
determining step represented an association, rathan dissociation.The data obtained best fittesl tlangmuir,
Freundlich, EI-Awady and Temkin adsorption isoth&rm
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INTRODUCTION

Aluminium is second to iron in terms of applicati@mong the metals. The metal and its alloys atensively used
in automotive, aviation and aerospace, ship bugldimilitary hardware and household appliances.dct, fthe
usefulness of aluminium and its alloys is due &rtgood physical and mechanical properties sudtigisstrength-
to-weight ratio ease of recycling, excellent maafgnproperties and outstanding resistance to cimmofl - 3].

However, exposed of the metal to aggressive enwiegnis can lead to substantial loss due to corrgdion

Corrosion, an irreversible interfacial reactionaofaterial (metal, ceramic, and polymer) on exposoraggressive
environments, affects the performance efficiency ofiaterial and also leads to reduction of itsiserlife [5, 6].A

lot of technological efforts have and are stilldgeideveloped to mitigate corrosion of service malkerthrough

proper selection of the materials, change in deghglosophies and more importantly adoption of edmprevention
techniques [6].Aside the economic viewpoint, camngontrol is also important from environmentatlaesthetical
angles [7]. One of the methods usually employedotmbat corrosion is the application of corrosiohiliitors and

most of the well-known inhibitors are organic compds. Naturally occurring substances, especially glant

extracts as inhibitors for corrosion process ofarials, have continued to receive attention asassphent for
synthetic ones, which have several detrimentaktffen the environment and human beings, as wéddlaisrs like

cost and renewability [8, 9]. Most of the effectiaad efficient organic inhibitors are those hetesoe containing
elements such as oxygen, nitrogen, sulphur, angpbtoous, in their structures, which allow them &adusorbed
onto the metal surface [10 -13]. Most inhibitossidtion by being adsorbed onto the metal surfadetévact with

anodic and/or cathodic reaction sites and influetihee oxidation and reduction corrosion reactiond @nevent

transportation of water and corrosion active speoi@o the metal surface [14 — 16].
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In this work, the inhibitory effect of ethanol lems/extract oPortulaca oleracean corrosion reaction of aluminium
was investigated in the range of 305 K to 315 KiM2H,SO, medium. Adsorption mechanisms were deduced
through adsorption isotherms using data obtaineetftten. This submission is in furtherance of ountcibution to

the sustained global interest in the search foffeendly inhibitors for corrosion of metals.

MATERIALSAND METHODS

Commercial aluminium wire,obtained from open markeas melted in a furnace to get rid of impuritieda
moulded into desired sheetat Department of Mechéliagineering, University of Agriculture, Makurbligeria.
The sheets were mechanically press-cut to form aasipeach of the dimension 2.1x2.1 x 0.35 cm atidyahole
drilled at the edge of each sample for the purpafseuspension in the corrodant. The coupons’ sagfasere
thoroughly polished to mirror finish using diffetegrades of emery paper, washed with distilled wategreased
by washing with ethanol, dried with acetone, arghtpreserved in a desiccator. Subsequently, thalinieight of
each coupon was taken. All reagents used in thidysivere of analar grade while doubly distilled evatvas used
for all solution preparations.

The Portulaca oleracedeaves were soaked in absolute ethanol for 48shaith occasional shaking and filtered
thereafter using a cotton wool. The ethanol wagperated from the filtrate in a thermostated watathbat about
351K and the residue preserved in a desiccator. M B,S0O, solution was prepared and used as the blank and
Portulaca oleracedeaves extract so obtained was then used to prequdntions containing 0.1, 0.2, 0.3, 0.4, and
0.5 g/dniin 2 M H,SO,, respectively.

Weight L oss M easur ement

In the weight loss experiment, 100ml beaker coimgin0 ml 2 M HSO, which acted as the corrodant was placed
in the thermostated water bath at 305 K , with apom was suspended in it with the aid of a thréedi to retort
stand. The coupon was retrieved from the corrodalution after 8 hours of immersion and dipped idiately in
saturated ammonium acetate solution to terminaectinrosion reaction, and was then washed sevarat twith
distilled water, dried in acetone and then kepé idesiccator to cool to ambient temperature andeighed. The
weight loss, which is an average of triplicate nbeasients, is as given by equation (1) [14-16].

W= W,— W, 1)

wheraV is the weight loss of the coupon in grarké,the initial weight and\the weight after retrieval.The
procedure was then repeated at 307 K, 309 K, 31dnd 315 K and each of these served as the blatheat
respective temperatures. The same procedure wastezpafter the introduction of various concertdretiof the
inhibitor into the acid solution maintained at satm@peratures.

Inhibition efficiency, surface coverage and corrosion rate
The inhibition efficiency IE% was calculated using equation (2).

IE% = [1-2]x100 )
2

wherdV, andW, are the weight losses in grams of aluminium coupatihe presence and absence of the inhibitor,
respectively, in the acid solution at the sameptnature. The degree of surface coveraqeis given by the
equation (3) [16].

f=1-:1 3)

W

The corrosion rat€Rpf rate of the aluminium was determined for the iension period from weight loss using
equation (4) [7, 17, 18].

CR (mgcrifht) =22 (4)

At

wheraWL is the weight loss in milligrams (mg), A the compsurface area in ciand t the immersion time in hours.
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RESULTSAND DISCUSSION

Effects of concentration of inhibitor and temperature on the corrosion of the metal in the acid solution

Table 1 shows that the corrosionrate is higheh@hlank than in the presence of theextractandateedecreased
with increase in the extract concentration.The elese in weight loss with increase in concentratibthe extract
depicts inhibitive propensity of the extract ingtlaicid medium. However, the corrosion rate in@eéagith increase
in temperature. The S- shaped curve of figure plo& of IE% against log of concentration (at 315 Kis an
indication of the formation of a protective barriey the inhibitor molecules on the aluminium suefacand
signifyinginhibitive action of the extract [19, 2Qhhibition efficiency, IE%, increases with incegain the both the
concentration of the inhibitor and temperature (€&). The increase in IE% with rise in temperatigsrsuggestive
of chemical adsorption mechanism ChemisorptionZ2]1,

Tablel: Variation of corrosion ratewith concentration and temperature

Conc. Corrosion Rate
(g/dn) (mgecm2h?)
305 K 307K 309 K 311 K 313 K 315 K

Blank 0.0957 0.1382 0.1807 0.2232 0244 0.3295
0.1 0.0850 0.1169 0.1488 0.1807 a3 0.2338
0.2 0.0820 0.1129 0.1382 0.1701 ™A 0.2225
0.3 0.0775 0.1063 0.1276 0.1594 ara 0.2115
0.4 0.0744 0.1032 0.1169 0.1460 S (>t 0.2020
0.5 0.0638 0.0892 0.1119 0.1359 418 0.1807

Table 2: Valuesof inhibition efficiency, IE%, at various concentrations and temper atures

Conc. IE%
(g/dnr) 305 K 307 K 309 K 311K 313 K 315K

0.1 11.11 15.38 17.65 19.05 21.74 29.03
0.2 14.32 18.31 23.53 23.81 28.43 32.47
0.3 19.02 23.08 29.41 28.57 31.33 35.81
0.4 22.22 25.33 32.29 34.46 35.87 38.71
0.5 24.33 30.33 38.08 39.10 42.13 45.16
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Fig. 1. A plot of IE % against log C at 315K

Activation energy and thermodynamic parametersfor the inhibition process
The value of apparent activation enery,, was calculated using the Arrhenius equation asrgby equation (5).

CR = Aexp Ea/RT (5)

where CR is the corrosion rate of aluminium, A ish&nius constant or Pre-exponential factor, Rhésuniversal
gas constant and T is absolute temperature. Lseg#on of equation (5) gives equation (6).
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InCR = InA — i—T (6)

A plot of InCR against% gives a slope ofE/R, from where the values of apparent activation gnerere evaluated

(Table 3). The apparentactivation energy valueheflilank is higher than the inhibited;however i dbtchange
significantly in the presence of inhibitor, suppestof theearlier proposed chemical adsorption raaigm [4, 23,
24]. The average value of, & 76.55 kJ/mol for inhibitor is, indeed, very stto the threshold value of 80 kJd/mol,
evidently supporting the fact that the extractwhsemically adsorbed onto the aluminium surfacecodding to
reports,E, due to chemical adsorption (>80 kJ mol-1) is cdesably larger than due to physical adsorption (k80
mol)[25 - 27].

The values of heat of adsorption,gQof Portulaca oleracelaves extract adsorption onto the aluminium serfac
were obtained using equation (7) [28].

) 1
log (E) = logA + logK — zgggR (;) @)

where,0 is the degree of surface coverage, T is the testypre, and A is temperature independent constahties
of heat of adsorption were obtained from the sl(}&—) of a plot of log( ) against 1/T. Obtained values of

Qads are all positive, indicative of endothermethrm of the dissolution process of the metal samplthe acid
solution [20].

The apparent enthalpy of activationH*, and entropy of activationAS*, values were obtained through the
linearised transition-state theory equation givarst

(L) = n (&) + £ -4 ®)

where h is Planck's constant and N is Avogadrofabar.A plot ofln%R versus% will give a straight line and the

slope is equal te—Af:* and the intercept is (1\%) + ATS:, from where values ofH* and AS* were calculated and
are presented in Table 3.

Values of AH* are all positive, reflecting endothermic natwe the aluminum dissolution process in the acid
solution [4].Its value in the blank is however gezathan the inhibited solution, an indication thalibition
effectiveness increased with increase in tempezatur

The negative values &fS* in presence of the inhibitor imply that the sated complex in the rate-determining step
was association rather than a dissociation stelpceease in disorderliness took place on going fieswtants to the
activated complex [4, 29].

Values of free energy of adsorption Bbrtulaca oleraceaonto the aluminium surface were calculated ushey t
equation (9) [7, 14, 30].

AG,q = —2.303RTlog(55.5K) 9)

[}
wherek = 6]

values are all negative, a clear indication thaggtion of the inhibitor onto the metal surfacesp®ntaneous and
the increase in values with rise in temperaturestisws that the spontaneity of the adsorption irsg@aas
temperature was raised. However, the values a@nvbe20 kJ/mol, the threshold value for physical agson
mechanism. Generally, values&B,4 up to -20 kJ/mol are consistent with electrostatieraction between charged
molecules and a charged metal (which indicatesiphlyadsorption), while those above -40 kJ/mobires charge
sharing or transfer from the inhibitor moleculestibe metal surface to form a co-ordinate type afco@which
indicates chemisorption) [33]. The mode of adsorpt{physisorption and chemisorption) observed cdugd
attributed to the fact thaPortulaca oleraceacontains many different chemical compounds, whsome can
adsorbed chemically and others adsorbed physigglly

, C is the concentration of the inhibitor. Cald¢athvalues oAG.q are presented in Table 3. The
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Table 3: Thermodynamic Parameters of the adsor ption of Portulaca oleracea onto the aluminium metal surface

COﬂCEa+ Qads+AH *adAS*ads'AGads
g/dn? (kJ/mol)(kJ/mol) (kJ/mol) (I/mol)(kJ/mol)
305 K 307 K309 K311 K313 K315 K
Blank 92.60 90.02 +0.4523
0.1 76.95 83.25 74.37  -0.303910.75 11.78 12.28 12.6013.11 14.21

0.2 73.96 80.16 7187 -GA3 9.73 10.54 1143 581 1224 12.82
0.3 77.44 63.36 7299 -@B8 9.57 10.25 11.1611.13 11.54 12.15
0.4 76.88 63.65 71.33 -0216 9.33 9.83 10.7711.09 11.33 11.72
0.5 77.54 68.59 7496  -0B1 9.07 9.90 10.8511.03 11.43 11.83

Aver 76.55 71.80 73.10  -0.38019.69 1046 11.30 11.4811.93 12.55

3.4 Adsorption Considerations

The use of thermodynamic parameters to solely chkeniae the adsorption behaviour of extracts tmfntitation,

primarily due to the fact that thermodynamic partereare molar quantities, but extracts are usualktures of

several compounds of no exact molecular mass (hebti al., 2011b). Due to this fact, thereforeommiation

obtained through adsorption isotherms are of greportance in the characterisation of adsorptiatess of plant
extracts for the protection of metal against camogeaction.Most frequently used adsorption isatigeare the
Langmuir, Freundlich, Temkin, Frumkin, Hill de Bo&arsons, Flory-Huggins, BhFlory Huggins, El-Awady and
Bockris-Swinkels’ isotherms. All these isothernmdldwa generalexpression as given by equation {30) 33]

below.

f (6,x) exp(—2af) = KC (10)

wheref@, x) is configuration factor which depends upom tphysical model and assumption underlying the
derivative of the isotherm [13, 34],is the surface coverage, C the inhibitor concéiotmax is the size ratio,d’ is

the molecular interaction parameter and K is thailigium constant of adsorption process whichémperature
dependent and it is related to the free energylsbigption by equation (9) above.

The data obtained best fitted the Langmuir, FreahdEl-Awady and Temkin adsorption isotherm moadgiig by
their values of coefficient of determinatior?, Reing close to unity in each case(Table 4). fitsitive value 0K qs

for all the isotherms is indicative of favourabldsarption. For the Langmuir isotherm (equation Hplot Ch

against C gave a straight line.However, the slogesnot unity, with non-zero intercepts, signifyingn-total
conformity to the ideal Langmuir isotherm (ILI) [94]. This is an indication of existence of molecwadsorption
within the adsorbed layer [35-36].

Langmuir §= %+ c (11)

Freundlich log6 = logK + nlogC (12)

El-Awady quf—g = logK + ylogC (13)

Temkin q = logK +logC (24)
2.303

where g is equal to -2a.

The Langmuir isotherm, originally derived for thdsarption of gas molecules on solid surfaces hasa theen
modified to fit the adsorption of solutes onto 8wid surfaces in solution [38]. Consequently, ditisorption data
were fitted to the Modified Langmuir Isotherm (Mlgyjuation (15) put forward by Villamil and Co-workg39].

clo = nlg + nC (15)

And n is obtained as the slope of the ploiCa#f against C.The values o#1G,4s Obtained through the MLI are -
13.51, -14.24, -14.09, 14.18, 15.00 and 16.41 KWJAh®05, 307, 309, 311, 313 and 315 K, respedtivEhese
values, which are however still below -20 kJ/mo& eloser to those obtained through equilibriumstant, actually
a confirmation of existence of molecular interactithin the adsorbed layer.

Values of Langmuir dimensionless separation facRrcalculated through equation (16)are show in Tahle 4
showing favourable adsorption, as they are allwelnity[14, 40].

29
Scholars Research Library



S.O. Adgoetal Arch. Appl. Sci. Res., 2013, 5 (1):25-32

_ 1
1+KC

(16)

R,
R_ is greater than 1 implies the adsorption is unfiaable, Requal to 1 is an indication of linear adsorptiomgl &
R_equal to Oit is irreversible. Rlecreases with rise in temperature (Table 5), auipp of the above observation of
increase in spontaneity with increase in tempegatur

Table4: Valuesof parametersof linearised various adsor ption isotherms for adsor ption of the extract on the aluminum surface

Isotherm Te&)p R Slope Intercept K AG4q (kJ/mol)
305 09635 27136 0.7318 1.3665 710,98
307 09428 2.4235 0.5090 1.9646 11.98
Langmuir 309 09681 1.8816 0.4332 2.3084 12.47
311 09467 1.8286 04223 2.3680 12,62
313 09588 1.8652 0.3250 3.0770 13.38
315 09656 1.9421 0.2053 4.8709 1467
n
305  0.9610 0.8716 -1.0188 0.0958 0.8716 -4.24
307 0.9869 0.7307 -0.8795 0.1320 0.7307 -5.08
Freundlich 309 0.9638 0.8055 -0.8063 0.1562 0.8055 555
311 0.9920 07851 -0.7875 0.1631 0.7851 -5.70
313 09726 0.6755 -0.7094 0.1953 0.6755 -6.20
315 0.9889 0.4601 -0.5839 0.2607 0.4601 -7.00
y
305  0.9676 1.0534 -0.9852 8'1(7)32 1.0534 -4.43
E1-Awady 307 09761 1.1059 -0.7505 g7 1.1059 -5.84
309 09852 1.1857 -0.7622 91729 1.1857 581
311 0.9968 1.0977 -0.7294 R 1.0977 -6.04
313 09839 1.0111 -0.6359 92813 1.0111 -6.64
315 09816 07262 -0.4666 ' 0.7262 771
a
3050.9849 2.8681 -0.2220 ;'ggzg -3.3026 -11.48
307 0.9884 22772 -0.3020 2000 26222 12,03
Tomkin 309 0.9891 1.9973 -0.2629 T30 22999 11.88
311 09985 1.9675 -0.2705 yoea2 22656 12,00
313 09852 2.0432 -0.3518 22980 a3s07 12.60
315  0.9748 25321 -0.6175 : -2.9157 14.24

Tableb.Values of dimensionless separation factor R, for Langmuir adsor ption isother m.

Conc.

(g/dn?) 0.1 0.2 0.3 0.4 0.5
305K 0.8798 0.7854 0.7092 0.6466 0.5941
307K 0.8358 0.7179 0.6292 0.5600 0.5045
309K 0.8125 0.6841 0.5908 0.5199 0.4642
311K 0.8085 0.6786 0.5847 0.5136 0.4579
313K 0.7647 0.6190 0.5200 0.4483 0.3939
315K 0.6725 0.5065 0.4063 0.3392 0.2911

The results (Table 4 ) show that the adsorptioffaftulaca oleraceaon aluminum also obeyed the Freundlich
isotherm. The average value of n which is 0.721dotstoo far from the typical value of 0.6 [14],plying that the
adsorption be reasonably modeled by Freundlichratlea isothermas supported by gootivRlues. The values of
AGyg0btained through this isotherm are, however, very fuestioning the applicability of the isothermtie
system. The fact that the adsorption also follothedisotherm is an indication of existence of molacinteraction

in the adsorbed layer, that non-totally ideal ay & suggested by Langmuir isotherm.

The adsorption process also followed the kinetertiodynamic model of EI-Awady isotherm as a plotagf%

versuslogC(equation 12) gave straight lines with slopes edoal. The reciprocal of ygives the number of water
molecules replaced by one inhibitor molecules amd0a9493, 0.9043, 0.8434, 0.9110, 0.9890 and 0.31 B05,
307, 309, 311, 313 and 315 K, respectively. Thedges are approximately unity; implying one wateleuoule was
replaced in the course of the inhibition processwelver, thedG,4yalues are not close to those obtained through
equilibrium constant.

The adherence of this adsorption process to Tera#lsorption isotherm is suggestive of molecularraggon
within the adsorption layer species [41].And th@atéve values ofd’ are indication of repulsive interaction in the
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adsorbed layer [42, 43]. The increase in the vald&,qawith rise is a feature of chemical adsorption psscand
Temkin isotherm is actually a feature of chemiadaption.

CONCLUSION

This work has shown thatethanol extract of leavfeBastulaca oleracednhibited the corrosion of aluminium in 2
M H,SO.The corrosion rate decreased with increaseeirextract concentration. The inhibition efficieriogrease
with increase in both concentration of the extrant rise in temperature. The increase in the vatdelsoth
inhibition efficiency and Gibb’s free energy witlse in temperature is suggestive of chemical adsorprocess.
The data obtained therefrom best fitted the Langnireundlich, EI-Awady and Temkin isotherm. Théaeknce
of the data to Temkin isotherm is a further suppbrthemical adsorption process.
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