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Abstract: Corrosion inhibition of aluminium using differentxteacts of
vernonia amygdalina was studied using gravimetrethad. The result of the
study revealed that different concentrations ofaets of vernonia amygdalina
inhibit aluminium corrosion. The inhibition efficiey of extracts increases as
concentration of extracts increases. This studgaéd that inhibition efficiency
decreases as temperature increases. The appar¢intten energy, E of the
inhibited corrosion reaction of aluminium was grerathan the values obtained
for the blank. ThedG,ys values obtained at 303k and 333k were negative
indicating spontaneous adsorption of inhibitor & tsurface of aluminium. The
experimental data were corroborated with Langmurveell as Flory — Huggins
adsorption isotherms. The inhibition efficiencyeafracts was in orderC,HsOH

> distilled HO > IM HCI at 303k and ¢i:O0H > IM HCI > distilled HO at
333k.
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INTRODUCTION

The study of aluminium corrosion in different acidind alkaline environments has attracted conditkera
attention in view of important application of thestal. Aluminium is a hard, strong, white metalisit
highly electropositive and resistant to corrosi@tduse of hard, tough film of oxide it forms on the
surfacé This surface film is amphoteric; hence the metalld¢alissolve readily in both strong acid and
alkaline media. Hydrochloric acid solutions are mally used for pickling of aluminium and for its

120 | 1JGHC; 2012, Vol.1, No.2, 120-132.



Evaluation... Alinnor 1.J. and Ukiwe L .N.

chemical and electrochemical etching processes ribamnally lead to substantial loss of metal to
corrosion.

Corrosion behaviour of aluminium has been studied in acid media2. It has been reported that
addition of halide salt to sulphuric acid solution containing organic inhibitor, effectively inhibits
iron corrosior. Halides have been reported to inhibit corrosibisame metals in strong acids and this
effect depends on ionic size and charge, the elgatic field set up by the negative charge of mmn
adsorption sites and the nature and concentrafibaliae ioné *

It has been reported that aluminium surface filssdiution have been protected from aggressiveauid
alkaline media by the application of sulphur, oxyger nitrogen containing organic compounds as
corrosion inhibitors to hinder the corrosion reastiand thus reduce corrosion fdteThese organic
compounds function by forming a protective adsorptiayer on the metal surface which isolates the
corroding metal from the action of the corrodent.

The use of chemical inhibitors for prevention ofrosion of metals have been giving researchers af lo
concern in view of its toxicity and poisoning ofitig organisms in the environment. In view of this
harmful effect of chemical inhibitor, the use ofapl extracts as an inhibitor of corrosion is being
considered. Green corrosion inhibitors are bioaéaiple and do not contain heavy metals or othet tox
compounds. The use of plant extracts to preventosimn has become important because they are
environmentally acceptable, readily available amtkwable source for a wide range of needed iningbito

Vernonia amygdalingbitter leaf) is widely distributed in tropical Afa especially, Nigeria. It belongs to
Asteraceae family and its genus is vernonia. Th®dgof the Eastern Nigeria call it Olugbo, while th
Yorubas of Western Nigeria call it Ewekoro. It is@all shrub and hairy herb having height of 30-120
cm. It is planted through the root system in thet fjuarter of the year and can be harvested afieryear
when it is fully grown and maturédt has multiple health benefits and has also doapplication for the
treatment of emesis and diabétes

MATERIALSAND METHOD

Material Preparation: Aluminium sheets of the type AA 1060 and purity 386 were obtained from
Material and Metallurgical Engineering Workshopd&erl University of Technology, Owerri, Nigeria.
Each sheet which was 0.1 cm in thickness was medibnpress-cut into coupons of dimension 3 cm x 3
cm. The coupons were descaled using wire brushcétoae, weighed and stored in a moisture-free
desicator prior to use. The solvents used for dteetion ofvernonia amygadalinéeaf were ethanol, IM
HCI and distilled water, respectively. All the sehts used in this study were of analytical reageade.

Extraction of Plant: Sample leaves ofernonia amygdalinavere obtained from a farm near Nekede
River, Owerri, Nigeria. The leaf samples were wasted dried under the sun and ground to fine powder
The ground samples of leaf were extracted with Bbxéxtractor for 3 h using IM HCI, ethanol and
distilled water, respectively. After extraction tkamples were cooled and filtered. The filtrateaiatd
was used to prepare inhibitor concentrations in ridwege between 200mg/l and 1000mg/lI in HCI
corrodents.

GRAVIMETRIC METHOD

In the weight loss experiment, a hole with diaméé&rcm was drilled in each aluminium coupon sa tha
it could hang freely in solution. The aluminium poms were suspended in beakers containing 200 ml of
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test solution maintained at 303k-333k with glaseksoand rod in a thermostated water bath. The weigh
loss was determined by retrieving the coupons ftest solutions at 3 h intervals. The coupons after
retrieving from test solutions were scrubbed witistte brush under running water, dried in acetand
weighed. The difference in weight waaken as the weight loss of aluminium. From the weight
loss, the inhibition efficiency (% I.E) of the eatt and the corrosion rate (CR) of aluminium were
calculated using Eq. 1 and 2, respectively.

CRinh

%ILE=|1— X 100 L1
CRgL

CR (= ghtcm?) = A W/AT 2

Where CRy, and CR, are corrosion rate of aluminium in presence ansemabe of the inhibitor,
respectively. A is area of coupon in ¢l is the period of immersion in hours and AW =W,

— W,. Where W is the initial weight of aluminium and Ws the final weight of aluminium. The degree
of surface coverage was calculated using:

0=1- CRinn . ..3)

CRar

Where 0 is surface coverage, GRis corrosion rate for aluminium in presence of litar, CRs_ is
corrosion rate for aluminium in absence of inhibito

RESULTSAND DISCUSSION

Weight loss consideration: Figs 1 and 2 represented data of weight loss agamscentration for
aluminium corrosion in IM HCI in absence and preseof different concentrations of used inhibitor,
vernonia amygdalin@V.A) at 303K and 333K, respectivellyigs 1 andFigs.2 show that as concentration
of inhibitor increases the weight loss of aluminisamples decreases. The result indicates that tveigh
loss of Al samples increases as temperature inesess shown in Fig.2. The decrease in weight Isss a
inhibitor concentration increases indicates thahponents of inhibitor retards corrosion of Al saewl
This may probably due to adsorption of inhibitotmthe surface of aluminium and thereafter impede
corrosion either by merely blocking the reactidesi(anodic and cathodic) or by altering the meisiman

of anodic and cathodic processes. The result iteidhat weight loss of Al sample in different exts of
inhibitor were in order: IM HCI>distilled ¥D>C,HsOH at 30C and Distilled HO>IM HCI> C,HsOH at
60°C. The highest weight loss observed with distil® extract of inhibitor at 61 may be attributed to
desorption of inhibitor components from aluminiuanface as temperature increases.

Inhibition Efficiency and Surface Coverage: The percentage of Inhibition efficiency (% I.E) was
calculated and represented as shown in tables 2 ad03k and 333k, respectively. The result shows
that different extracts of inhibitor inhibits cosion of Al sample in hydrochloric acid solutionhéresult
revealed that % I.E increases as concentrationhabitor increases. A paramefiemwhich represents the
part of metal surface covered by inhibitor molesulas calculated for different inhibitor conceritras

and represented ihable-1 andTable-2.
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Fig. 1. Variation of weight loss of aluminium in HCI at various concentrations of
1M HCI, ethanol and distilled water extracts of Vernonia amygdalina at 303K .
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Fig. 2: Variation of weight loss of aluminium in HCI at various concentr ations of
1M HCI, ethanol and distilled water extracts of Vernonia amygdalina at 333K.

Table- 1: Effect of variousinhibitor Extractson % |.E and @ for Al corrosionin IM HCI at 303k

Concentration IM HCI extract of| Distilled water extract Ethanol extract of
Mg/L Vernonia amygdalina| of Vernonia| Vernonia amygdalina
amygdalina

% IL.E. 0 % I.E. 0 % I.E. 0
200.00 81.80 0.8176 89.20 0.8916 96.10 0.9606
400.00 84.90 0.8492 91.10 0.9105 97.60 0.9764
600.00 87.30 0.8731 91.30 0.9130 98.30 0.9830
800.00 89.00 0.8901 93.40 0.9388 98.7086%99
1000.00 92.00 0.9225 94.30 0.9431 99.10 @991
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Table- 2; Effect of various I nhibitor Extractson %|.E and 8 for Al corrosionin IM HCI at 333K

Concentration IM HCI extract of Distilled Ethanol extract of
Mg/L Vernonia amygdaliarm water extract of | Vernonia amygdalina
Vernonia amygdalina
% I.E. 0 % I.E. 0 % I.E. 0

200.00 29.70 0.2974 13.00 0.1301 45.10 0.4514
400.00 34.90 0.3486 22.30 0.2233 64.90 0.6490
600.00 39.60 0.3963 22.90 0.2290 72.50 0.7247
800.00 45.00 0.4500 35.80 0.3577 78.00 9®B77
1000.00 56.70 0.5666 41.20 0.4115 84.60 (845

The result indicates tha& increases as inhibitor concentrations increaselse increase in inhibition
efficiency and surface coverage as concentratioextfacts increases may be attributed to complex
chemical composition of extracts. The increasdnimbition efficiency with increase in inhibition
concentration suggests that inhibitor species vaelsorbed on the aluminium sample/solution interface
where the adsorbed species mechanically screecotiied part of aluminium surface from the action of
corrosion medium.

The result indicates that ethanolic extract shoigidr inhibition efficiency and surface coverageewh
compared to values obtained for distilled water &WMdHCI extracts, respectively. The higher inlidn
efficiency and surface coverage of ethanolic extmr@ay be attributed to more complex chemical
composition of ethanolic extract when comparedMdCl and distilled HO extracts, respectively.

Alinnor reported that ethanolic extract @Ernonia amygdalinaleaf contains alkaloid, saponins,
flavonoids, tannins etc. The adsorption of thesemmunds from the extracts onto the aluminium serfac
reduces the surface area available for corrosioereby increasing inhibition efficiency and surface
coverage, respectively.

Table-2 shows inhibition efficiency and surface coverage Al corrosion at 333k. The result indicates
that inhibition efficiency and surface coverager@ases as concentration of the extracts incredses.
%I.E andd were lower when compared to values obtained at 808ble 1. The decrease in % |.E &hd
at higher temperature of 333k when compared to 308 be attributed to increase in average kinetic
energy of components of extracts, thus making gdsor between the components of extracts and Al
surface insufficient to retain the species at gdsite. This could result in desorption of spea#ghe
surface of aluminium surface, instead of collidargl combining with it. The result indicates thatréase

in temperature may be attributed to decrease ipilisgaof extract components — aluminium surface
complex. It has been reported thatorking on corrosion of mild steel in,80, using ethanolic extract of
Piper Guinensisreported decrease in inhibition efficiency at l@ghtemperature. It has also been
reported” working on corrosion of mild steel in,80, using Telferia occidentaliobserved decrease in
inhibition efficiency at higher temperaturdoor working on corrosion inhibition of mild steiel acidic
solutions with aqueous extract of Fenugreek leagpsrted decrease in inhibition efficiency at highe
temperature’*James et al. working on corrosion of aluminium i8lkvith aqueous extract of Aloe vera
leaf reported decrease in inhibition efficiencyhaher temperature.

Figs.3 and Fig.4 shows the plot of inhibition efficiency againsffdient concentrations of inhibitor at
303k and 333k, respectively. Fig. 3 shows thathition efficiency was high when compared to values
obtained in Fig.4 at higher temperature. The itiubiefficiency of different extracts of inhibitat 303k
were in order gHsOH>distilled HO>IM HCI whereas at 333k the order is as followsl{OH >IM HCI>
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distilled H,O. The observed trend indicates that at higher ésatpre there were desorption of distilled
H,O components of extract from the aluminium surféloereby decrease in inhibition efficiency.

ADSORPTION CONSIDERATION

The adsorption of an inhibitor species, Inh, on #heminium surface in aqueous solution should be
considered as exchange reaction:

Inh.ag + xHO <=—> inh.ads + xHO(aq) LA

Where x is size ratio that is number of wateranales displaced by one molecule of organic inbibit
When equilibrium is reached as shown in Eq. (4% ipossible to obtain different forms of adsorption
isotherm. Langmuir adsorption isotherm was fountlécsuitable for these experimental findings argl ha
been used to describe the adsorption characteoistite inhibitor used. Langmuir adsorption isothes
expressed in Eq. (5)

Cin /0 = 1/K + G (5)

Where G, is inhibitor concentration, K is equilibrium coast of adsorptionf is degree of surface
coverageFigs. 5 and Figs. 6 shows the plot of &, /6 versus Gy at 303K and 333k, respectively for
ethanol, IM HCI and distilled $D extracts of inhibitor studiedrigs. 5 andFigs. 6 were linear showing

that adsorption of inhibitor is consistent with @sption of Langmuir adsorption isotherm meaninge¢he
is no interaction between the adsorbed species.

The adsorption of inhibitor extracts on aluminiuanface follows Flory — Huggins isotherm in Eq.'{6)

o

0
Log = logk + xlog (1Q)
Cinn
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Fig. 3: Variation of inhibition efficiency with concentration of 1M HCI, ethanol and
Distilled water extracts of Vernonia amygdalina at 303K
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Fig. 4: Variation of inhibition efficiency with concentration of 1M HCI, ethanol and
distilled water extracts of Vernonia amygdalina at 333K.
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Fig, 6: Langmuir adsorption isotherm at 333K for 1M HCI, ethanol and distilled water
extracts of Vernonia amygdalina.
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Where0 is degree of surface coverage,,@& inhibitor concentration, x is humber of waterletules
replaced by one inhibitor molecule and k is eqtiiliim constant for adsorption proce§$gs.7, Figs.8
andFigs.9 shows Flory — Huggins adsorption isotherm forafiht extracts of inhibitor with IM HCI,
ethanol and distilled water at 303k and 333k, respaly. The values of x and k calculated for IM HC
extract of the inhibitor were 1.05 and 0.001 foBRB0and 0.95 and 0.32 for 333k, respectively.

The values of x and k obtained using ethanol ekthmhibitor were 1.43 and 0.001 for 303k, ané(.
and 0.13 for 333k, respectively. The values of & kmusing distilled water extract of inhibitor wete93
and 0.001 for 303k, and 1.17 and 0.39 for 333kpaetively. The result indicates that values for erev
more than unity at 303k, indicating that each maleof inhibitor is attached to one active site on
aluminium surface.

Values of free energy of adsorptidkG,4s of IM HCI, ethanol and distilled water extracts ofhibitor on
aluminium surface were calculated using Eq*®(7)

AG,qs= -2.303RT log (55.5k) .. (7)

-2.4 4 L]
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2.6 -
-2.8 4
- -
1 333K
-
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-
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.0

Fig. 7: Flory-Huggins adsor ption isotherm at 303K and 333K for 1M HCI extract of
Vernonia amygdalina.
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Fig. 8: Flory-Huggins adsor ption isotherm at 303K and 333K for ethanol extract of
Vernonia amygdalina
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Fig. 9: Flory-Huggins adsor ption isotherm at 303K and 333K for distilled water extract of
Vernonia amygdalina.

Where R is gas constant, T is temperature ana§ugdibrium constant of adsorption, given as

0
k = ——

1-0
and 55.5 is the concentration of water in the smutThe values oG,y calculated from Eq. (7) of
different inhibitor extracts were recordedTiables 3, 4 and 5, respectively. These values&G,4s

were negative in both 303k and 333k indicating smoeous adsorption of inhibitor on surface of
aluminium” and propose mechanism is by physical adsorpfi@q< 40 kJ/mol}® *°

Table- 3: Values of thermodynamic parametersfor adsor ption of Ethanol Extract of Vernonia
amygdalina on the surface of aluminium in IM HCI.

Concentration of  Activation Heat of Free energy change, Free energy Change,
Vernonia energy, & adsorption Qs AGags(kJ/mol) of AG,4s (kJ/mol) of
amygdalina(lmg/L)  (kJ/mol) (kJ/mol) adsorption at 303k  adsorption at 333k
Blank 19.39 - - -

200.00 93.04 -94.78 -18.17 -10.58

400.00 94.83 -86.92 -19.50 -12.82

600.00 97.24 -86.41 -20.34 -13.80

800.00 98.26 -85.54 -21-01 -14.62

1000.00 99.27 -84.27 -21.99 -15.83
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Table-4: Values of thermodynamic Parametersfor Adsorption of Distilled water Extract of
Vernonia amygdalina on the surface of aluminium in IM HCI

Concentration of  Activation Heat of Free energy change Free energy change,
Vernonia energy, & adsorption Qs AGags (kJ/mol) of AG,4s (kJ/mol) of
amygdalinailmg/L)  (kJ/mol) (kJ/mol) adsorption at 303k adsorption at 333k
Blank 19.39 - - -

200.00 77.65 -112.07 -15.43 -5.86

400.00 79.84 -99.74 -15.96 -7.67

600.00 80.43 -99.70 -16.04 -7.76

800.00 82.95 -90.39 -16.79 -9.50

1000.00 84.72 -88.54 -17.19 -10.13

Table-5: Values of thermodynamic Parametersfor Adsor ption of IM HCI Extract of Vernonia
amygdalina on the surface of aluminiumin IM HCI

Concentration of  Activation Heat of Free energyAG,ys  Free energy Change,
vernonia energy, & adsorption @s  (kJ/mol) of AG,4s (kJ/mol) at
amygdalina(mg/L)  (kJ/mol) (kJ/mol) adsorption at 303k adsorption at 333k
Blank 19.39 - - -

200.00 57.10 -66.00 -13.90 -8.74

400.00 60.32 -65.82 -14.47 -9.39

600.00 63.02 -65.71 -14.98 -9.96

800.00 64.44 -64.11 -15.39 -10.78

1000.00 67.55 -67.55 -16.36 -11.86

Effect of Temperature: The effect of temperature on corrosion reactiomlafminium in absence and
presence of different concentrations of inhibit@shbeen shown in Figs. 1 and 2. The increase in
temperature decreases inhibition efficiency andrekegof surface coverage. The reason for this
observation has been explained earlier in thisystud

The apparent activation energy,, Eor corrosion reaction of Al in absence and pneseof various
concentrations of inhibitor were investigated usghenius equation (8}

Log [ Crd/Cri] = Ea/ 2.303R [1/T — 1/T;] ... (8)

Where G, and G, are corrosion rates at temperaturesid T, respectively, and R is gas constant. The
values of activation energy as shown in tables 8nhd 5 in presence of inhibitor ranges from 93®4 t
99.27 kJ/mol for ethanolic extract, 77.67 to 84Kd2mol for distilled water extract and 57.10 to5&/.
kJ/mol for IM HCI extract, respectively suggestihgt inhibitor must have first been adsorbed ofieser

of aluminium according to physical adsorption mexs followed by chemical adsorptioffEbenso ,
reported that Egreater than 80kJ/mol is consistent with mechmaro$ chemical adsorption indicating
that the range for Evalues obtained in this study especially for etfiarextract fall between two types of
adsorption, physical and chemical adsorption, retsgay. It has been reported earlier in this gttiaat
inhibition efficiency decreases as temperatureeiases, however, it will not be conclusive to aitigb
chemical adsorption phenomenon to adsorption afiorga amygdalinaon surface of aluminium, and
sincé® reported that inhibition efficiency of chemicallgdsorbed specie increases as temperature
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increases. The result revealed that apparent otivanergy obtained for blank was lower than value
obtained for different extracts of inhibitor, indiing that these extracts retards corrosion reaatio
aluminiunt®. Since corrosion primarily occurs at surface sfteg of adsorbed inhibitor, the higheg E
values in inhibited solution imply that extractsahanically screen the active sites of Al surfacreby
decreasing the surface area available for corro3ioe order of apparent activation energyotdifferent
extracts are HsOH>distilled HO >IM HCI.

The heat of adsorption (g of inhibitor on surface of Al was evaluated ustg (9
Qads= 2.303R [Iog Qg/l'ez) — IOg @1/1'91)] X T1T2/T2-T1 (9)

Where8; and 8, are the degree of surface coverage at temperaiwad T,. The calculated values of
heat of adsorption, £ of different inhibitor extracts are shown in Tabl® 4 and 5, respectively. The
values of Qysranged from — 84.27 to — 94-78 kJ/mol for ethanelitract, whereas distilled water extract
has values from - 88.54 to —112.07kJ/mol and IM ld&ract ranges from — 64.11 to - 67.55 kJ/mol,
respectively. The negative,Qvalues indicates that adsorption of inhibitor agtron aluminium surface
is exothermit®.

CONCLUSION

This study shows thaternonia amygdalin&xtract effectively inhibit aluminium corrosion presence of

IM HCI. The corrosion process is inhibited by aggmn of the extract on the aluminium surface and
inhibition efficiency increases as inhibitor contration increases. Also inhibition efficiency anaface
coverage decreases as temperature increases. atfmtivenergy of different extracts increases as
concentration of inhibitor increases. The negatigkies ofAgagsshows that the adsorption of inhibitor
extract on the surface of Al is spontaneous. Aldee negative values of,Qindicates that adsorption of
inhibitor extract on aluminium is exothermic. Thrertd of inhibition efficiency of different extractd
inhibitor was in the order: £:0OH>distilled HO>IM HCI at 303K and ¢H;OH> IM HCI> distilled HO

at 333K.
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