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ABSTRACT

The effect of Euphorbia hirta leaf extract on th@rosion of aluminium in 0.5M HCI was
investigated by using the gravimetric techniquevds shown that the presence of E. hirta leaf
extract inhibited corrosion of aluminium in the te®lutions and that the inhibition efficiency
depended on the concentration of the plant exteactvell as on the time of exposure of the
aluminium samples in 0.5M HCI solutions containitige extract. The experimental data
complied to Langmuir adsorption isotherm and thtugaand sign of the Gibb's free energy of
adsorption obtained suggested that inhibitor molesthave been spontaneously adsorbed onto
the aluminium surface through a physical adsorptiwechanism.

Key words: Corrosion inhibition, aluminiumEuphorbia hirta adsorption mechanism, free
energy of adsorption.

INTRODUCTION

Acid solution are often used in industry for cleayi descaling and pickling of metallic
structures, processes which are normally accom@dnjeconsiderable dissolution of the metal.
A useful method to protect metals and alloys degdioin service in aggressive environments
against corrosion is addition of organic or inorgaspecies to the solution in contact with the
surface in order to inhibit the corrosion reactemd hence reduce the corrosion rate [1]. A
number of organic compounds [2-10] are known toapplicable as corrosion inhibitors for
aluminium alloy in acidic environments. Such compas! typically contain nitrogen, oxygen or
sulphur in a conjugated system and function viaoguten of the molecules on the metal
surface, creating a barrier to corrodent attacke atisorption bond strength is dependent on the
composition of the metal and corrodent, inhibitdrusture and concentration as well as
temperature [3]. Despite the broad spectrum of mogaompounds, the choice of appropriate
inhibitor for a particular application is restridtdy several factors. These include increased
environmental awareness and the need to promoteamentally friendly processes.
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Another factor is the vast variety of possible osron systems coupled with the specificity of
action of most acid inhibitors which often necestei$ the use of combinations of additives to
provide the multiple services required for effeetoorrosion inhibition [11]. Consequently, there
exists the need to develop a new class of corrosibibitors with low toxicity and good
efficiency. The exploration of natural products mnt origin as inexpensive eco-friendly
corrosion inhibitors is an essential field of stutty addition to being environmentally friendly
and ecologically acceptable, plant products aredost, readily available and renewable sources
of materials. The extracts from their leaves, baskeds, fruits and roots comprise of mixtures of
organic compounds containing nitrogen, sulphur@ngen atoms and some have been reported
to function as effective inhibitors of metal andlogl corrosion in different aggressive
environments [12-17]. [13] assessed the influencextracts fromZenthoxylum alatunteaf
extracts on the corrosion of mild steel in phosghacid. Li and co-workers investigated the
inhibitive effect of beberine, extracted froBoptis chinensi©n mild steel corrosion in 1 M
sulphuric acid [16]. Extensive studies of corrosiahibition efficiencies on plant extracts of
Occimum viridis Telferia occidentalis, Azadirachta indi@adHibiscus sabdariffavere carried
out by Oguzie [18]. The corrosion inhibition effayaof these extracts is normally ascribed to the
presence, in their composition, of complex orgapecies such as tannins, alkaloids, essential
oils, flavonoids and nitrogen bases. Despite tleatgavailability and varieties of plant materials,
only relatively few have been thoroughly investeghtThe present report continues to focus on
the broadening application of plant extracts fottattie corrosion control. The inhibiting effect
of Euphorbia hirtaplant extract on aluminium alloy (AA8011) in 0.5 NCI was investigated.
This study has dual purposes, first to establighefifiectiveness of the plant extracts as corrosion
inhibitors and secondly to attempt deduction of itit@bition mechanisms through adsorption
isotherms. This work is done at high concentraliimit to determine optimum concentration and
compare for the two extracts. The equation forasan rate is given by

CR = kAW/pAt (1)

MATERIALS AND METHODS

Materials

Aluminium alloy specimens having weight percentagenposition as follows; Si-0.240%, Fe-
0.241%, Cu-0.035%, Mn-0.102%, Ti- 0.019%, Pb-0.014%:0.043% and the remainder being
Al were used. The specimens were of dimensions & 2nam and thickness 1.32 mm. The alloy
specimen were polished mechanically using SiC erpapers of grade nos 220, 400 and 600,
washed thoroughly with distilled water and degrdasgéh ethanol and acetone, air dried before
being immersed in the acid solution. The blank @dent was 0.5 M HCI solution. Stock
solutions of the plant extract were prepared byirmpiweighed amounts of the dried and ground
plant material for 3 hours in the 0.5 M HCI. Thdusions were cooled and then filtered and
stored. From the respective stock solutions, imbibtest solutions were prepared in the
concentration range of 0.1 - 0.3 g/L using excess as solvent at room temperature and 60°C
using water bath.

Weight loss experiments

The cleaned and dried specimens were weighed biefonersion in the respective test solutions
of 0.5 M HCI using JA 1003A electronic weighing &ate with the accuracy of £0.005. Tests
were conducted with different concentrations ofibitbr. At the end of the tests, the specimens
were carefully washed in absolute ethanol haviredusitric acid to quench further corrosion
from taking place, and then reweighed. Triplicatpeziments were performed in each case and
the mean values reported.
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RESULTS AND DISCUSSION
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Figure i. Corrosion rates of aluminium alloy AA8011in various
concentrations of Euphorbia hirta
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Figure ii. Inhibition efficiency of various concentations Euphorbia
hirta extract on aluminium alloy

Weight losses and corrosion rates

The weight loss of the aluminium alloy in 0.5 M H®ith and without the various
concentrations of plant extract is determined atesurs of immersion at 30°C. The corrosion
rate values were evaluated as shown in Figure ivahges of the inhibition efficiencies were
obtained as shown in Figure ii. Corrosion rate @alof aluminium alloy decrease when the
inhibitor concentration increases. The inhibitidificeency increases with increasing inhibitor
concentration, reaching optimum value (81%) atglL3concentration of the extract.

Inhibition efficiency and adsorption considerations
The characterization of the corrosion rate of ahiom alloy in the inhibitor/corrodent solution
was carried out by an assessment of the inhibéfbaiency (1%) using Equation 2:
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Pinn

1% = (1 - ) x 100 (i)

Pblank

Wherepinn and ppiank correspond to the corrosion rates in the presandeabsence of inhibitor
respectively. Figures. 2 shows bar chart of infohitefficiency to concentration of inhibitor for
Euphorbia hirta with optimum value of inhibition efficiency of abt 81% at 0.3 g/L
concentrations oEuphorbia hirtaplant extract. In accounting for the observed miote effect,

it should be noted that the extract comprise metof organic and resinous matter (Table 1)
some of which have good corrosion inhibiting al@ft The complex chemical compositions
make it rather difficult to assign the inhibitingtion to a particular constituent or group of
constituents. Nevertheless, the net adsorptiomefektract organic matter on the metal surface
creates a barrier to charge and mass transfer,pitmiscting the alloy surface from corrodent
attack. The degree of protection varies for diffierextracts, with notable sensitivity to the
inhibitor concentration. Nevertheless, maximum ltion efficiency of 81% was observed at
concentration of 0.3 g/L for the extract. The intie properties of tannins have been attributed
to the reaction of the polyphenolic fraction of ttaanins moieties, which ensures effective
protection of the metal surfaces. The triterperand other constituents also posses functional
groups which are capable of chelating with alunmmidons and thus facilitate strong
coordination on the alloy surface [18]. Having atxmieed the effectiveness of these plant
materials in the present study, subsequent studiesable precise interpretation of the nature
and composition of the absorbed inhibitor layerl w@g achieved from in depth studies of the
corrosion morphology and characterization of th&vacmaterials in the absorbed layer is
envisaged.

Table I: constituents of E. Hirta Leaf

0] Triterpenoids
(i) Alkaloids

(i) Tannins

(iv) Glycosides
(V) Sterols

(vi) Essential oil
(vii) Flavones

(viii) Phenols

Langmuir adsorption isotherms

Further elucidation of adsorption mechanism from éxperimental data requires estimation of
the adsorption modes of the inhibiting species (iyemolecular or ionic). The predominant
adsorption mode will be dependent on factors sgde extract composition, chemical changes
to the extract and the nature of the surface chargenetal. A negative surface charge will
favour the adsorption of cations whereas anion ratism is favoured by a positive surface
charge. The ability of CI- ions in hydrochloric ddb be strongly adsorbed on the metal surface
and hence facilitate physical adsorption of inlwbitations is an important consideration. The
plot of the ratio of concentration to surface cager C/0) against concentratiorCy displayed a
straight line for tested inhibitor (Figure iii). Bl ii shows the correlation coefficient of the
Langmuir adsorption isotherm. The linear plot witgh correlation coefficient (0.983) and slope
of about unity (0.95) clearly reveals that the acef adsorption process Buphorbia hirta
extract on the aluminium alloy surface obey thedrmuir adsorption isotherm. Therefore, one
can infer that physisorption occurred.
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Figure iii. Langmuir isotherm for Euphorbia hirta adsorption
on AA8011 aluminium alloy in 0.5M HCI

Table ii:VValues of Langmuir parameters for AA8011aluminium alloy

Plant Extract | Intercept | Slope| K R® | AG°(kJmol™)
EH in HCI 0.0972 0.95| 10.29 0.9829 -15.82

Effect of temperature

Two main types of interaction often describe adsonpof organic inhibitors on a corroding
system viz: chemical adsorption and physical adsworplt has been suggested [18-19] that
physisorbed molecules are attached to the metttieactathodes and essentially retard metal
dissolution by stifling the cathodic reaction wresehemisorbed molecules protect anodic areas
and reduce the inherent reactivity of the met#hatsites where they are attached.

The apparent activation energiesy))(Eor the corrosion process in absence and presehce
inhibitor were evaluated from Arrhenius equation.

log— = LT, (iii)

P2 E, (1 1)
p1  2.303R

Whereas estimates of the heats of adsorptiopd(@ere obtained from the trend of surface
coverage with temperature as follows [20];

01 T1T2 .

2
Quas = 2.303R [log (1 —

pl andp2 are the corrosion rates in temperaturearid T, respectively whilé;, and6, are the
degrees of surface coverage at temperatuend T, and R is the gas constant.

_AG;ds
k=555 exp( RT ) @)
The standard free energy of adsorptiadvGG°,4s Which can characterize the interaction of

adsorption molecules and metal surface, was caézlilay equation (v). The negative values of
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AG°,4s ensure the spontaneity of adsorption process tatilliy of the adsorbed layer on the
aluminium surface. Generally, the valuesXb°,4s around -20kJ/mol or lower are consistent
with physisorption, while those around -40kJ/mohagher involve chemisorptions [21-23]. The
value of free energyAG°ads, obtained is -15.82kJritolvhich is consistent with literature
survey and therefore authenticates physical adsarpEhis implies that the plant extract adheres
on the surface of the corroding system and so giwesy strong inhibitor.

Table iii: Calculated values of inhibition efficieng/ (1%), apparent activation energy (E;)) and heat of adsorption (Qqg) of
Euphorbia hirta extract on AA8011 aluminium alloy in 0.5M HCI at dfferent temperatures

. Inhibition Efficiency (1%) 1 1
Extract Concentration 1 30C 1 60C Ea(kdmol™) | Qaadkdmol™)
Blank 0.79
0.10 73.5 65.2 71.60 -3.26
0.15 62.2 60.1 71.53 -0.73
0.20 79.9 71.1 40.27 -3.99
0.25 91.7 87.2 145.16 -4.02
0.30 87.1 82.8 74.32 -2.81

The calculated values of Ea and Qads are givenaioleg iii. Analysis of the temperature
dependence of inhibition efficiency as well as cangon of corrosion activation energies in the
presence of inhibitor gives some insight into tlesgible mechanism of inhibitor adsorption. A
decrease in inhibition efficiency with rise in teempture, with analogous increase in corrosion
activation energy in the presence of inhibitor caneg to its absence, is frequently interpreted as
being suggestive of formation of an adsorption fdhphysical (electrostatic) nature. The effect,
corresponding to an increase in inhibition efficgnwith rise in temperature and lower
activation energy in the presence of inhibitor,gagis a chemisorption mechanism [4, 7, 24].
From the foregoing, the trend for the extractoiphorbia hirtasuggests a predominant effect
physisorption of inhibiting species in 0.5 M HCI.

CONCLUSION

The extract from the leaves & hirta is found to be effective green inhibitors of aluram
alloy (AA8011) in 0.5 M HCI. The corrosion processas inhibited by adsorption of the extract
organic matter on the aluminium alloy surface adow to the Langmuir isotherm. The
phenomenon of physical adsorption is proposed tr@robtained thermodynamic parameters.
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