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ABSTRACT

The inhibition effect of Newbouldia leavis leavegact on the corrosion of aluminium in 0.2-
1.0 M HCI and 0.1-1.0 M $5Q, solutions was investigated by the gravimetric teghe. The
results show that Newbouldia leavis is a good iitbrband exhibits more efficient in 1.0 M HCI
than 0.5 M HSQ.. It was shown that the presence of Newbouldiaisdaaf extract inhibited the
corrosion of aluminium in the test solutions ane timhibition efficiency depended on the
concentration of the plant extract as well as oa time of exposure of the aluminium samples in
H,SQ, solutions containing the extract. The experimerdata complied to the Langmuir
adsorption isotherm and the value and sign of thiebG free energy of adsorption obtained
suggested that inhibitor molecules have been spewoiasly adsorbed onto the aluminium
surface through a physical adsorption mechanisme @tsorption of Newbouldia leavis on
aluminium surface obeys Langmuir adsorption isather

Keywords. Corrosion inhibition, aluminium, adsorption mecisam, Newbouldia leavisfree
energy of adsorption.

INTRODUCTION

The use of inhibitors is one of the most practicathods for protection against corrosion,
especially in acidic medifl]. Among numerous inhibitors that have been testetl applied
industrially as corrosion inhibitors, those thaé aron-toxic or low-toxic are now far more
strategic than in the recent past. In the 21stucgnthe research in the field of “green” or “ec
friendly” corrosion inhibitors has been addresdedard the goal of using cheap, effective
compounds at low or “zero” environmental impact.
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Plant extract is low-cost and environmental safeJ ao the main advantage of using plant
extract as the corrosion inhibitor is due to batbremic and environmental benefits. Up to now,
many plant extracts have been used as effectiv®sion inhibitors of iron or steel in acidic
media, such aézadirachta[2], Vernonia amygdaling3] , henna[4—7], Nypa fruticans Wurmb
[8] , Zenthoxylum alaturf®,10], Damsissd11], Mentha pulegiunfl2], olive [13], Phyllanthus
amarus[14], Occimum viridig15,16], lupine[17], Lasianthera africand18], Strychnos nux-
vomica[19], Justicia gendarussi0], Oxandra asbecki1], Ferula assa-foetid§22], coffee
[23], fruit peel[24] and Halfabar [25]. Besides steel, aluminium in acid6,27] and alkaline
media[27-29] zinc in HCI solution30], and Al-3Mg alloy in neutral NaCl solutidB1] were
protected against corrosion using some plant estrathe inhibition performance of plant
extract is normally ascribed to the presence inr tb@mposition of complex organic species
including tannins, alkaloids and nitrogen basegyaaydrates and proteins as well as hydrolysis
products. These organic compounds usually contalar dunctions with nitrogen, sulfur, or
oxygen atoms as well as those with triple or coajad double bonds or aromatic rings in their
molecular structures, which are the major adsanptienters. In our laboratory, much work has
been conducted to study the inhibition by some tpiawves extract on the corrosion of steel in
acidic media. It has been reported that the leaxéscts ofJasminum nudiflorum Lind[32],
Acer buergerianuni33] and Phyllostachys sulphurel@4] behave as good inhibitors for steel in
1.0 M HCI solution. Moreover, extensive work hagmelone in both acidic and alkaline media
using Euphorbia hirtaandDialum guinnenséeave extracts as inhibitors [35,36]. The inhiti
performance could be attributed to adsorption afdhoids on aluminium surface. In order to
extend the earlier worljewbouldia leavideaf extract is chosen to use as the corrosioibiton

on the basis dilewbouldia leaviss rich in flavonoid437].

The inhibiting effect oNewbouldia leaviplant extract on aluminium alloy (AA8011) in 1.0 M
HCl and 0.5 M HSQO, was investigated. This study has dual purposes, o establish the
effectiveness of the plant extracts as corrosidrbitors and secondly to attempt deduction of
the inhibition mechanisms through adsorption isottee Moreover, this work seeks a
comparison of the two environments used. This werklone at high concentration limit to
determine optimum concentration of the extract. @éeation for corrosion rate is given by

¢= kAW/pAt (D

Wherek = Rate constant equal 58%y, mpymeans mils per year
W = Weight loss in mg

p = Density of material in g/ctn

T = Exposure time in hours

A = Exposed area of couporfin

noting that 1 iA= 6.5416 crh

MATERIALSAND METHODS

Aluminium alloy AA8011 specimens having weight partage composition as follows; Si-
0.240%, Fe-0.241%, Cu-0.035%, Mn-0.102%, Ti- 0.0196-0.014%, Zn-0.043% and the
remainder being Al were used. The specimens wedinaénsions 2 cm x 2 cm and thickness
1.32 mm. The alloy specimen were polished mechHtyiaaing SiC emery papers of grade nos
220, 400 and 600, washed thoroughly with distiliedter and degreased with ethanol and
acetone. The specimens were then air dried befeireglimmersed in the acid solution. The
blank corrodent was 0.5 M,80O,and 1.0 M HCI solutions. Stock solutions of thenplaxtract
were prepared by boiling weighed amounts of theddand ground plant material for 3 hours in
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the 0.5 M HSO, and 1.0 M HCI. The solutions were cooled and thilégred and stored. From
the respective stock solutions, inhibitor test Bohs were prepared in the concentration range of
0.1 - 0.4 g/L using excess acid as solvent at rimnperature and 60°C using water bath.

Gravimetric experiment

The cleaned and dried specimens were weighed béfomgersion into the respective test
solutions of 0.5 M K5O, and 1.0 M HCI using JA 1003A electronic weighirgance with the
accuracy oft+0.005. Tests were conducted with different coneiains of inhibitor. At the end
of the tests, the specimens were carefully washebsolute ethanol having used nitric acid to
guench further corrosion from taking place, andhtheweighed. Triplicate experiments were
performed in each case and the mean values reported

RESULTSAND DISCUSSION

Gravimetric technique and corrosion rates

The corrosion rates of the aluminium in 0.5 MS@, and 1.0 M HCI in the absence and
presence oNewbouldia leavi¢eaf extract were determined at room temperatu®8K3. Figures

1 and 2 shows the time variation of corrosion rafate aluminium in 0.5M k80O, and 1M HCI
with and without théNewbouldia leavi¢eaf extract, while Figures 3 and 4 shows the Waneof
the corrosion rates of the aluminium in 0.5M3@, and 1M HCI with inhibitor concentration.
Figures 3 and 4 show clearly that the leaf extratards the corrosion rate of the aluminium in
the test solutions.

Figure 5 illustrates the variation of the corrosrates of the aluminium in 0.5 M,BO, and 1M
HCI with inhibitor concentration for an exposurmé of 8 hours. Moreover, it can be seen from
Figure 5 that the corrosion rate decreases wittease in the concentration of the inhibitor. The
inhibition efficiency of theNewbouldia leaviseaf extract on the corrosion of the aluminium in
0.5 M H,;SO, and 1M HCI containing different concentrationsttod leaf extract was computed
by using the relation [38,39,40].

1% = (1- pinh/pblank) )

where 1% represents the inhibition efficiency exgsesl in percentagg;,, Iis the corrosion rate
in the presence of the inhibitor whilg,,x IS the corrosion rate in the absence of inhibitor.
Optimum values 0f92% at 0.4g/L and 95% at 0.4g/L for 0.5 M3, and 1M HCI respectively
for concentration oNewbouldia leaviextract was obtained as shown in Figure 5. Thelteesu
show thatNewbouldia leaviseaf extract is a good inhibitor, and exhibits mefecient in 1.0 M
HCI than 0.5 M H SQ,.

Inhibition efficiency

Clearly, the inhibition efficiency oNewbouldia leaviseaf extract increases with exposure time
for the inhibitor concentration considered. Thisuléis consistent with the findings of [36] who
showed that the inhibition efficiency &uphorbia hirtain the corrosion of the aluminium alloys
AA3003 in 0.5 M HCI increases with exposure times shown in Figure 5, the inhibition
efficiency increases with increase in inhibitor centration, tending to saturate at higher values
of inhibitor concentration. This indicates that thiectiveness of thé&lewbouldia leavideaf
extract in retarding the corrosion rate of alummiun the test solutions does not improve
indefinitely with increase in inhibitor concenti@ti. A point is reached at which an increase in
the inhibitor concentration produces only a veryaBimcrease in inhibition efficiency. A similar
conclusion has been reached by [41, 42] who stutlednhibitive effect of thiosemicarbozides
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on the corrosion of steel in phosphoric acid areitthibitive effect of Solanum melongena L.
Leaf extract on the corrosion of aluminium in tetrasulphate (VI) acid respectively.
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Figure 1. Timevariation of the corrosion rates of aluminium in 0.5M H,SO,. The blank and inhibited with
Newbouldia leavis leaf extract of concentration 0.4g/L.
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Figure 2. Timevariation of the corrosion rates of aluminiumin 1.0 M HCI. The blank and inhibited with
Newbouldia leavis leaf extract of concentration 0.4g/L.

The result that the inhibition efficiency dlewbouldia leaviseaf extract increases with increase
in inhibitor concentration suggests that some ef itiolecules of the inhibitor are adsorbed on
the metal surface thereby protecting the “coversdiface from further corrodent attack.
Increasing the inhibitor concentration increasesdhgree of surface covera@ge,of the metal
surface defined as:
9 = 1- _Pinh_ 3)
Pbiank

The Newbouldia leavisleaf extract consists of a mixture of complex orgacomponents
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including flavonoids, several phenolic compounfiscérotene — linoleic acids) and some other
organic compounds. The plant extract also contaose nutritional minerals including
potassium, magnesium, copper and zinc [43-46].
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Figure 3. Variation of corrosion rate of aluminium in 0.5M H,SO, with different concentrations of
Newbouldia leavis extract.
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Figure 4. Variation of corrosion rate of aluminium in 1.0 M HCI with different concentrations of Newbouldia

leavis extract.

It is interesting to note that a number of the abpamed organic compounds exhibit antioxidant
activity. For example, nasunin (a flavonoig@)carotene — linoleic acids (phenolic compounds)
are antioxidants. Results of earlier studies sugies$ tannins and some antioxidant compounds
in plant extracts contribute to inhibition of steekrosion in some acidic medium [15, 46, 47]. In
fact, plant/leaf extracts which have proven cowonsnhibiting abilities in corrosive media are
known to contain one or more more of the followiagganic substances, namely tannins,
triterpenoids, flavonoids, amino acids, alkaloidaponins, phenols, glycosides, essential oils,
carotenoidsf-carotene, ascorbic acid, crude proteins among®fi®, 35, 38, 39, 40]. Some
research workers [48-50] have demonstrated thah@racids are indeed effective corrosion
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inhibitors. It is therefore reasonable to expedit tthe presence of amino acids, antioxidant
organic compounds (nasunin — a flavonoid, caffet ehlorogenic acids —phenolic compounds),
crude proteins or indeed any other of the complgamic substances in tiNewbouldia leavis
leaf extract could in combination with the othenstituents be responsible for the inhibition of
aluminium corrosion in 0.5 M 0, and 1 M HCI. Moreover, the presence of some metall
ions particularly M§" may enhance the corrosion inhibiting action ofél@act. This is because

it has been observed that some inorganic ions cpdatly C&", Mg** and Zi* ions
synergistically increase the inhibition efficienafyorganic substances [38, 51, 52]. Nevertheless,
it is not possible at this point to identify therfpeular constituent or group of constituents af th
plant extract that are adsorbed onto the metaaserfin any case, the adsorbate molecules on the
metal surface constitute a barrier to charge andsnieansfer between the metal and the
corrodent, thereby protecting the metal surfacenfomrrodent attack. The larger the degree of
surface coverage resulting from enhanced adsormifomolecules of the plant extract, the
greater the protection to corrosion offered byittbitor [39].
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Figureb5. Variation of inhibition efficiency with concentration of Newbouldia leavis leaf extract for aluminium
in0.5M H,SO,and 1.0 M HCI

Table 1: Values of Langmuir isotherm parametersfor aluminium alloy

Plant extract Intercept | Slope K (x 107 R’ AG° (kJmol ™)
NL in 0.5M H,SO, 1.09 0.02 8.3 0.989 -7.76
NL in 1M HCI 0.032 0.05 9.7 0.994 -11.85

Table 2: Calculated values of inhibition efficiency (1%), apparent activation energy (E.) and heat of adsorption (Qaqs) Of
Newbouldia leavis extract on AA8011 aluminium alloy in 0.5M H,SO, at different temperatures

S 1S 0

Extract concentration (g/L) Inhggt}cl:on effid ené:go((:l %) Ea (kJmol™) | Qags (kJmol™)
Blank
0.10 76.86 50.20 62.85 -559.89
0.15 79.62 58.65 54.04 -506.36
0.20 80.29 61.69 41.52 -463.76
0.25 81.41 65.35 51.76 -421.06
0.30 82.41 69.72 38.16 -355.01
0.35 85.16 71.14 29.26 -422.33
0.40 92.47 76.25 31.41 -670.54
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Table 3: Calculated values of inhibition efficiency (1%), apparent activation energy (E.) and heat of adsor ption (Qags) Of
Newbouldia leavis extract on AA8011 aluminium alloy in 1M HCI at different temperatures

—= — 5
Extract concentration (g/L) Inhgkg}cl:on efﬂqenggo((:l %) Ea (kJmol™) | Qags (kImol™)
Blank
0.10 77.54 52.32 17.78 -452.78
0.15 80.29 56.04 14.86 -582.38
0.20 81.91 59.86 9.65 -580.64
0.25 84.47 63.24 37.14 -557.65
0.30 89.86 61.45 41.63 -575.30
0.35 91.86 69.80 25.52 -857.31
0.40 95.03 73.45 22.46 -748.22
Table 4: Major constituents of Newbouldia leavis
Plant Major constituents
Newbouldia leavis flavonoids, tannins, terpenes, steroidal and aeardiycosides

[45, 46].

Adsor ption considerations and Adsor ption | sother ms

In the situation where it is suspected that thébitibn of metal corrosion occurred as a result of
the adsorption of molecules of plant extracts dhtometal surface, it is instructive to investigate
the possible adsorption mode by testing the expariat data obtained with several adsorption
isotherms. Such an exercise will greatly elucidate’s understanding of the corrosion inhibition
mechanism. The generalized expression for sevdsargption isotherms usually tested is of the
form [41, 55, 56].

f(6,x) exp(—ab) = kC (4)

where f @, x) is the configuration factor whose functionatrh depends on the physical model
adopted and assumptions made in deriving the isotlteis the degree of surface coverage, x is
known as the size ratio which gives the number afew molecule replaced by the inhibitor

molecule,a is a molecular interaction parameter whose vakpmedds on the type of molecular

interactions in the adsorption layer and the degre@omogeneity of the surface, C is the
inhibitor concentration while k is the adsorptioqu#ibrium constant which is temperature

dependent according to the relation [41, 56-59].

k

1 ( AGadS)
= 555 P\"Trr

where AG,,4s IS the standard free energy of adsorption, Rhésrolar gas constant and T is
absolute temperature. Several adsorption isothesns tested for fit with the experimental data.
These include the Langmuir, Frumkin, Temkin, Frdioshdand the Flory-Huggins isotherms.
Incidentally, the Langmuir isotherm gave the bésivith the experimental data. The Langmuir
isotherm equation is of the form [39, 47, 55-57]:

(5)

Clo=1 +¢C (6)

From a plot of% against C, a straight line graph was obtained witblope of 0.02 and an

intercept of 1.09 oé axis for 0.5 M HSQ,. The 1M HCI environment, a slope of 0.05 and an

intercept of 0.032 were obtained. The coefficiehtcorrelation, R?, gave the degree of fit
between the experimental data and the isothermtiequd he values obtained was found to be
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0.989 and 0.994 for 0.5M 80, and 1 M HCI respectively, which indicates a vepod fit
between the Langmuir isotherm and the experimetat. Figures 6 and 7 shows the Langmuir
isotherm plot for the inhibition of the corrosiof auminium in 0.5 M HSQO, and 1M HCI by
Newbouldia leavideaf extract respectively. Using the value of ioégt obtained frorthe graph
and equations 4 and 5 a value of -7.76 kJnaoid-11.85 kJmof was obtained for €%qs for
0.5M H,SO, and 1 M HCI respectively. The very good fit of theperimental data with the
Langmuir adsorption isothersuggests that the Langmuir adsorption modelpiglicable in the
corrosion inhibition mechanism. In the derivatidrtlee Langmuir isotherm, it was assumed that
the adsorption sites on the metal surface are umijodistributed and energetically identical and
that the maximum number of adsorbed molecules ifeissone, implying a case of monolayer
adsorption. Additionally, it was assumed that adata# molecules do not interact with one
another. The negative values of%& the Gibb’s free energy of adsorption, obtainedmsethat
the adsorption process was spontaneous.

The values of &gs obtained in this study is low enough for one toilatite the adsorption
process as due to an electrostatic interactiondeiwhe atoms/ions on the metal surface and the
adsorbate molecules [60], a mechanism which is istam with physical adsorption
(physiosorption). The obtained value of the slopthe Langmuir isotherm plot of 1.09 which is
about unity (the expected value for ideal Langmigiotherm model) authenticates the
physisorption. The value of the standard free gnefgdsorption is still within the energy range
characterising the physisorption model of adsorptib has been pointed out [56, 61-63] that
generally, values of Gus up to -20 kdmot are consistent with physical adsorption. The
interactions involved in this mechanism are moréess weak electrostatic interactions between
metal atoms and adsorbate species. In fact, tre@tds) energies involved have the same range
of energy values as the van der Waals bond endié@dsHowever, values of Gyswhich are
more negative than - 40 kJrlolare associated with chemical adsorption, alsoedall
chemisorption. The mechanism involves charge spanrcharge transfer between the atoms of
the metal and the adsorbate molecules. The assddminds are strong and the corresponding
bond energies could be as large as those chasddgf primary bonds in solids [60].

Effect of Temperature
The apparent activation energies;)(Eor the corrosion process in absence and presefice
inhibitor were evaluated from Arrhenius equation.

los 22 =
o8 T, T,

p.  2.303R

D2 E, (1 1) @

On the other hand, estimates of the heats of atisor(Q.q) were obtained from the trend of
surface coverage with temperature as follows [G4,65

—2303R[1 ( b, ) ] ( O )x LTz 8
Qads_ . Og 1_62 Og 1_61 TZ_Tl ()

p1 andp, are the corrosion rates in temperaturegid T, respectively whilé; and6, are the
degrees of surface coverage at temperatuend T, and R is the gas constant.
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Figure 6. Langmuir adsor ption isotherm for inhibition of aluminium in 0.5M H,SO, by Newbouldia leavis |eaf
extract.
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Figure7. Langmuir adsor ption isotherm for inhibition of aluminium in 1.0 M HCI by Newbouldia leavis |eaf
extract.

CONCLUSION

It has been shown in this study that the additibN@wvbouldia leaviseaf extract to HSO, and
HCI reduces the corrosion rate of aluminium in #oed. The inhibition efficiency of the plant
extracts increases with increase in concentratittrowgh it decreases with rise in temperature.
The HCI environment exhibits more efficient thapS&,. The experimental data obtained are
best described by the Langmuir adsorption isothsrgmifying the formation of a single layer of
inhibitor molecules onto aluminium alloy surfaceoidover, values of the Gibb’s free energy of
adsorption obtained suggests that the spontanebysicpl adsorption of the plant extract
molecules is the most likely inhibitory mechanisesponsible for the reduction of the corrosion
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rate of the aluminium in 0.5M %0, and 1 M HCI containinflewbouldia leaviseaf extract.
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