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ABSTRACT

This work examined the inhibitive and adsorption properties of leaves extract of bitter leaf (Vernonia amygdalina)
as corrosion inhibitor of Al in 1M NaOH. Leaves extract of bitter leaf was characterized using Fourier transform
infra-red (FT IR) spectroscopy to identify peaks of the functional groups. Weight loss, potential dynamic
polarization, Fourier transform infra-red and scanning electron microscopic analyses were used for the corrosion
inhibition study. The FT IR analysis of the bitter leaves extract revealed the presence of C=C-H, Ar-H (bending out
of plane), C-H (bending in plane), stretched C-O, stretched C=C, stretched C=N, stretched C=0, stretched C=C,
stretched C=N, stretched C-H and stretched O-H functional groups. Adsorption of the extract on the Al surface was
spontaneous and occurred according to the mechanism of physical adsorption. The optimal conditions for the
corrosion inhibition of the Al in NaOH are concentration of the inhibitor of 1.0 g/l, temperature of 303 K and
immersion time of 1hr. The optimum inhibition efficiency of the bitter leaves extract is 80.54 %. Leaves extract of
bitter leaf is a mixed-type inhibitor of Al in NaOH medium.

Keywords: Corrosion inhibition, adsorption, Bitter leaf, NaOH

INTRODUCTION

Aluminium is the third most abundant element foumahature; first two are oxygen and silicon. ltais important
and widely used metal in the transport, constractackaging and electrical sectors. Aluminium asdlloys are
of economic importance because of their low caghthess and good corrosion resistance at modenageratures
[1]. They are also widely used in many industrieshsas reaction vessels, pipes, machinery and chétmtteries
because of their advantages [2]. Aluminum and liisys are low cost and remarkable materials in gidal
technology because of their light weight, high thal and electrical conductivity as well as highistsce to
corrosion in a wide variety of corrosion environeefB8]. Aggressive alkaline solutions such as Na@ddd for
cleaning aluminium metallic structures often coe@ilich structures. Corrosion is the degradatica roktal by an
electrochemical reaction with its environment [#he fundamental cause or driving force for all osion is the
lowering of a system’s Gibbs energy. The conseqe®mt corrosion are numerous, and the effects ersdfe,
reliable and efficient operation of equipment gustures are often more serious than the simpke ddé® mass of
the metal. Failures of various kinds and the needXpensive replacements may occur even thoughartiwaint of
metal destroyed is quite small. Thus, there is rieedorrosion control such as application of ceroa inhibitor.

Although many studies have been carried out orasigitcorrosion inhibitors, most of the inhibitore a@ynthetic
chemicals which are very expensive and hazardotisetenvironment. Most of the research works dor@obgnize
the dynamic nature of some passive films, corrogiomucts or deposits from other sources; nor dy #wven
consider the possibility of a change in the surfageditions during the course of the experimentatks. It is
important to use natural product of plant origin agi-corrosive agent since it is environmentalbceptable,
inexpensive and readily available. The aim of thigk is to examine the corrosion inhibition of alimmm in 1M
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NaOH using leaves extract of bitter le&fe(nonia amygdalina). Vernonia amygdalina popularly belongs to the
family of Asteraceae. It is cultivated in Nigeria mainly for its nutriti@al value. The plant (especially the leaf) has
been found useful in pharmaceutical application®[Y].

MATERIALSAND METHODS

2.1 Extraction of the Plant Extracts

Leaves of bitter leaf were collected from AkpugouBu state, Easter part of Nigeria. The leavehefiitter leaf
were sun dried for three days. The dried leavesweound to increase the surface area and storedclnsed
container. 30 grams of each of the ground plarmeleavere measured and soaked in 2000ml of ethandBfhours.
At the end of the 48 hours, plant mixture was ffdte The filtrate obtained is a mixture of the plartract and the
ethanol. The ethanol solvent was distilled off. Td@ncentrated plant extract was weighed and stéoedhe
corrosion inhibition study.

2.2 Metals Preparation

The sheets of aluminium were cut into coupons (%cdtm x 0.06cm). The coupons were cleaned followed
polishing with emery paper to expose shining pelistsurface. To remove any oil and organic impug;tigne

coupons were degreased with acetone and finallyheeasith distilled water, dried in air and thenrstb in

desiccators. Accurate weight of each coupon waantalsing electronic weighing balance and the initigight was
recorded.

2.3 Thermometric method of the Corrosion Inhibition Study

The measurements were carried using a thermostat 86°C for the Aluminium in free and inhibiteldaOH. The
temperatures of the system containing the Aluminamd the test solution were recorded regularlyl ansteady
temperature value was obtained. The reaction nuiitiéy was evaluated using Equation (1) [8, 9].

RN =T

@)

Where T, and T are the maximum and initial temperatures’Gj respectively, and t is the time in minutes edaps
to reach T,.

The inhibitor efficiency was determined using Edquai{2) [8].

IE% = 1—;?&3100 )
Y Free

Where RNe. and RNy are the reaction numbers for the Al dissolutiorfree and inhibited corrosive medium
respectively.

2.3 Weight Loss (Gravimetric) Method

2.3.1 Weight loss method using one factor at a time

Considering one factor at a time, the weight logshod was carried out at different temperaturesveittd various
concentrations of the plant extracts. Accordinghis method, weighed Al coupons were separatelyénsad in
250 ml open beakers containing 200 ml of 1.0M Na@®Hnk). Also, Al coupons were immersed in 250 ko
beakers containing 200 ml of 1.0M NaOH with vari@esicentrations of the plant extracts. The vanmtbweight
loss was monitored periodically at various tempeest and in the absence and presence of variougmcations
of the bitter leaves extract. At the appropriateeti the Al coupons were taken out, immersed inoaegtscrubbed
with a bristle brush under running water, dried aadeighed. The weight losaw), corrosion rate (CR) and
inhibition efficiency (IE) were calculated usingetEquations (3), (4) and (5) respectively.

AW =W, — W, @3)
W, — W;
CR=—N @
1E% = %0" %1100
Wo (5)
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Where wand w are the initial and final weight of metal sampiespectivelyuy andwy, are the weight loss values
in presence and absence of inhibitor, respectivelis the total area of the specimen and t is themérsion time.
The degree of surface coverage was obtained usenfplowing Equation (6) [10].

0= o~y

Wy (6)

w; anduy, are the weight loss values in presence and absénaleibitor.

The experimental data were used to evaluate therptitsn and thermodynamic properties. The activagoergy,
heat of adsorption and free energy of adsorptidB.{) for the corrosion inhibition were determined acling to
the methods used by previous works [11, 12, 131%416].

2.3.2 Weight loss method using response surface method (RSM)

Response surface method in design expert softwaseused to design the experiment for the weiglst tosthod.
Inhibitor concentration, temperature and time were considered factors while weight loss, corrogiare and
inhibition efficiency were the expected responskthe study. The RSM was used to analyze the resgsorThe
ANOVA and graphical analyses of the inhibition eiincies were carried out. The mathematical madeisrms of
coded and actual factors were obtained. The modelrims of coded factors was used to make predetidout the
response for given levels of each factor. The hiyels of the factors were coded as +1 and theléwels of the
factors were coded as -1. The optimum inhibitiorap#eters were obtained.

2.4 Potentiodynamic Polarization Study

Electrochemical test were conducted using a patstati/galvanostat 263 electrochemical system watikst, with
a conventional three-electrode corrosion cell. Apfpite rod and a saturated calomel electrode (S@E used as a
counter and reference electrodes, respectivelyspicimen fixed in epoxy resin with a surface aréd @nt
exposed to the test solution, served as the worklagtrode. Electrochemical measurements wereecagut in
aerated and unstirred solution at the end of 1880immersion, which allowed the open circuit pdien(OCP) to
attain steady state. Temperature was fixed at 3G+Potentiodynamic polarization studies were cotetliin the
potential range £250 mV versus corrosion potetia scan rate of 0.333mV/s.

2.5 FT IR Study of the Corrosion Inhibition Process

Fourier transform infrared spectrophotometer (SHINAJ, Model: IR affinity — 1) was used to study the
functional groups of the pure bitter leaves extraotrosion product in the presence of the bittawés extracts. The
metals were immersed in the NaOH medium, in thegee and absence of the plant extracts. At theoktite
corrosion study 30 minutes, the corrosion prodittthe beakers were collected with the aid of sanipittles.
Comparative analysis of various FT IR produced pewafere carried out so as to determine the apprepria
functional groups for the corrosion inhibition pess.

2.6 Metal Surface Study using SEM Analysis
Morphological observation of the corroded Al samsplere carried out using scanning electron micnog¢SEM —
model: Rhenom Prox, Phenom World Eindhoven, Nedineld).

RESULTSAND DISCUSSION
3.1 Results of the Corrosion Inhibition as Detemmitny Thermometric Results
The effect of concentration of the bitter leavefraot (inhibitor) on the reaction number (RN) ahé inhibition

efficiency (IE) of the Al in the NaOH medium is gented in Table 1. Increase in concentration ofithéitor
lowers the reaction number. Also, the inhibitioficdncy increases with increase in concentratibthe inhibitor.

Table 1, Effect of concentration of the extract on theinhibition efficiency, |E (%)

Inhibitor conc., g/l RN IE (%)
0.0 0.8667
0.2 0.4040{ 53.39
0.4 0.3039| 64.93
0.6 0.2222| 74.36
0.8 0.1464| 83.11
1.0 0.1068| 87.68
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3.2 Experimental results of weight loss method
The experimental results of weight loss (g) andasion rate (mg/cfhr) using one factor at a time are presented

Table 2.
Table 2 Data of corrosion inhibition of Al in NaOH with bitter leaves extract
Concentration of bitter leaves extract

T | Parameter| 0.0 0.2 0.4 | 0.6 ‘ 0.8 | 1.0 0.0 ‘ 0.2 | 0.4 ‘ 0.6 ‘ 0.8 | 1.0 0.0 | 0.2 | 0.4 ‘ 0.6 | 0.8 ‘ 1.0

g/l g/l g/l g/l g/l g/l g/l g/l g/l g/l g/l g/l g/l g/l g/l g/l g/l g/l

303K 318K 333K

ty Weight 0.29 | 0.17 0.13| 0.11 0.1 009 03 043 0477 0516.150] 0.147] 0.73] 0.48] 0.43 042 041 04
ty loss 068 | 0.36| 0.33] 0.25( 0.14 0.1 081 048 041 0{3Mm.35 [ 0.32 1.7 1.07 0.9 0.84 076 0.7
ts 0.860 | 0.430] 0.340 0.290 0.180 0.160 1.060 0.550440] 0.410| 0.393] 0.36 2150 1.180 0.920 0.900 0.84m837
ty 435 | 255 19.5 16.5 15 139 54.01 345 26|55 44 9o3.22.05| 1095 72.01 6451 63.01 6151 57
t, CR 51 27 24.75| 18.79 12 11.26  60.15 3 30[75  27.75 .2526 24 127.5| 80.29 67.5 63 57 53.2
ts 43 21.50] 17.000 1450  9.0d 8.0p 5300 27|50 24.00.52] 19.65| 18.00 107. 59.00 46.00 4500 42000 541.

t1 = 0.3333 hr, t, = 0.6667 hr, t; = 1.0000 hr

In Table 2, the weight loss increases with incraasgperature but decreases with increase in comdtiemt of the
bitter leaves extract. The graphical representaticthe inhibition efficiency of the bitter leavesgtract as corrosion
inhibitor is shown in Figure 1 below.

IE (%)
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Figure 1, | E versus concentration and temperature at varioustimes; Al in NaOH with bitter leaves extract

The Figure 1 is a graph of inhibition efficiencyrses concentration (at various times in series,13)2 The

inhibition efficiency increases with increase imé of immersion. It also increases with increaseoimcentration of
the inhibitor (bitter leaves extract) but decreaséh increase in temperature. These observatiomsnaagreement
with previous studies [17, 18, 19].

The degree of surface coverage of the Al in the Nafiedium with bitter leaves extract is presented ables 3
below. The degree of surface coverage increasdsimgtease in concentration of the bitter leavesaex but it
decreases with increase in temperature.

Table 3, The degree of surface coverage (0) of Al in NaOH with plants extracts

Inhibitor conc. (g/)| 8 at 303 K| #at318 K| # at 333 K
0.2 0.5000 48.11 45.12
0.4 0.6047 58.49 57.21
0.6 0.6628 61.32 58.14
0.8 0.7907 62.92 60.93
1.0 0.8140 66.04 61.07

3.2.1 The corrosion rate and temperature relationship
The relationships between corrosion rate and teatpes for the corrosion inhibition of the Al in N&lOwith the
bitter leaves extract is presented in Figures ®welThe Arrhenius equation was used to evaluateeffext of
temperature on the rate of corrosion. The Arrheagigation is expressed by Equation (5) [11, 20].

CR = Ae~ /rr

i

()

Where CR is the corrosion rate of the metal, Avespre-exponential factor, IS the activation energy, R is the gas
constant. Equation (7) can be linearized to formdign (8).

In(CR) = tnd — (Fe/p)(3)
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RZ=0.9041 B 0.2g/l of the extract

= 4 R2=0.9134
oA R2 = 0.9398 0.4g/1 of the extract

£2 % _R?2=0.9996
0 R?=0.9985 < 0.6g/l of the extract
0.0029 0.003 0.0031 0.0032 0.0033 0.0034 . 0.8g/l of the extract
1/T 1.0g/l of the extract

Figure 2, TheInCR (mg/cm?hr) versus UT (K™

In Figure 3, the linear relationships were obsenitti R close to 1 in all the various concentrations &f Hitter
leaves extract. The corrosion inhibition processysbArrhenius law [20]. Thus, the corrosion rateéeisiperature
dependent.

3.2.2 The activation energy and heat of adsorgtothe corrosion inhibition
Considering the corrosion rates of the metal aafid T, as CR and CR, then Equation (8) can be expressed by
Equation (9) [11, 16].

CR,

E
In{ “%2/pp | = ("/303R) G~ 3) (9)

The result of the activation energy for the comasinhibition of the Al in the NaOH with bitter leas extract is
presented in Table 4.

Heat of adsorption values for the corrosion inldoitof the Al in the media are presented in Tableetbw. The
values of the heat of adsorptionsQvere calculated using Equation (10) below.

— gz _ E__ ] . I_z'r'_ 1
Q... = 2.303R [log(l_gzj log (1_&_) 2 mol (10)

Where R is the gas constafi,and6, are the degree of surface coverage at temperalyi@sd T, respectively. As
shown in Tables 3, the calculated heat of adsawp¥imlues were negative indicating that the adsomptf the
extract on the metal surface is exothermic [11].

Table4, The activation energy and heat of adsor ption for the corrosion inhibition of Al in NaOH by various concentrations of bitter
leaves extract

Conc. of the plant extract (g/ Activation ener@y,(kJ/mol) | Heat of adsorption, g (kJ/mol)
0.2 65.008 -5.477
0.4 64.103 -3.766
0.6 72.931 -9.712
0.8 99.201 -24.745
1.0 106.555 -28.693

In Tables 4, the values of the heat of adsorptienewnegative indicating that the adsorption of@ktzact on the
metal surface is exothermic. The result is in agw@ with that of previous study [11].

3.2.3 Fitting of Data into Adsorption | sotherm
a. Fitting of data into Langmuir isotherm

Data were fitted into Langmuir isotherm as exprdsaeEquation (11) [11, 13 14].

c 1
E:E—I_C (1))

Where C is the concentration of the inhibitor, KHe adsorption equilibrium constant a&his the degree of surface
coverage. In logarithmic form, Equation (11) is egsed as shown in Equation (12).

iogg = logC —logK 12)
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As shown, plot of log(C8) versus log(C) shows linear graphs (Figure 3).

0.2

0.2 ®
BTG g

-> 303 K; bitter leaves

o6 o0a .
e _—

-
So= - -
= - - 333 K: bitter leaves
= /'/ Linear (202 K; bitter leaves)
e — Linear (333 K; bitter leaves)
e

-0.5

Log C
Figure 3, TheIn(C/ 8) versusInC for the corrosion inhibition of Al in NaOH with bitter leaves extract

b. Fitting data into Frumkin isotherm
Data were fitted into Frumkin adsorption isothexxpressed according to Equation (13).

lng(((,‘] . [%)) = 2.303logK + 2a8 (13)

Where K is the adsorption-desorption constant arid the lateral interaction term describing thesfiattion in
adsorbed layer. In Figure 5, Plot of log((®)fL-0))) versus6 shows linear graph (Figure 4). The linear
relationship shows that Frumkim isotherm was obeyed

= 1 __ 05

% o5 &

- * 303K = 0 & 333K

— =

D D

=R £ os 0] 1

% 0.5 0 1 Linear (303 %F,'n - — Linear

] 1 K) ] 1 {232K)
e e

@ (b)
Figure 4, The log(C* (6/(1-0))) versus 0 for the corrosion inhibition of Al in NaOH by bitter leaves extract; (a) at 303 K, (b) at 333K

c. Fitting data into Temkin isotherm
Data were fitted into Temkin isotherm as expressefquation (14) (Nwabanne and Okafor, 2011).
g=— L303logK  2.303logC (14)

2a 2a

Where K is the adsorption equilibrium constants #éhie attractive parametérjs the degree of surface coverage, C
is the concentration of the inhibitor, and K is th@sorption equilibrium constant. In Figure (5) thraph ofo
versus logC shows linear relationship indicatingt fhemkin adsorption isotherm was obeyed.

> 303 K: bitter leaves
- 222 K; bitter leaves

Linear (303 K; bitter leaves)

,,,,,,,,,,,,, Linear (333 K; bitter leaves)

Log C

Figure5, Plot 8 versusInC for the corrosion inhibition of Al in NaOH with the bitter leaf extract

d. Fitting data into Flory-Huggins isotherm
Data were fitted into the Flory-Huggins isothermeapressed in Equation (15) [11, 12].

log(3) =logK +xlog(1— 6) (15)

where x is the size parameter and is a measuteeafiumber of adsorbed water molecules substituyea ¢iven
inhibitor molecule. Plots of 10§(C) versus In(1 ©) gave linear relationships (Figure 6). The gragihewed that
Flory-Huggins isotherm was obeyed.
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1
(=) + 303K (=) ‘ * 333K
— T
L=} o, 0
= )
=1 -0.5 1 — Linear .6 0.4 0.2 1 —— Linear
Log(1-8) (303 K) Log(1-6) (333K)

(b) (b)
Figure 6, Log(6/C) versuslog(1-0) for the corrosion inhibition of Al in NaOH by bitter leavesextract; (a) at 303 K, (b) at 333 K

As shown in Figures 3 - 6, the data obtained fréva tlegree of surface coverage were used to testhéor
applicability of different adsorption isotherms;dganuir, Frumkin, Temkin and Flory-Huggins isotherrhgnear
graphs were observed in all the cases. The dedréetermination (correlation coefficient?Rs close to one (1).
The data were best fitted in the Langmuir isotherm.

3.2.4 The adsorption parameters for the corrosion inhibition

The parameters of the Langmuir, Frumkin, Temkin &fidry-Huggins isotherms are presented in Tables 5.
Considering the fitted data to the Langmuir isothethe R values are very close to unity, indicating strong
adherence to Langmuir adsorption isotherm [15, TB¢ application of Langmuir isotherm to the ad$iorpof the
bitter leaves extract on surface of the Al indisafeat there is no interaction between the adserdatl adsorbent.
From the Frumkin adsorption parameters, the laietataction term«) gave positive value suggesting attractive
behaviour of the inhibitor on the Al surface [1Efom the Temkin adsorption parameters, the attragiarameter
value (@) is negative, indicating that repulsiorstxin the adsorption layer [11, 16]. The valuetaf size parameter
(x) is positive. This shows that the adsorbed smeof the plant extract is bulky [11]. The free rgryeof adsorption
(AG,q9 Was calculated according to Equation (16) [1], 12

AG_,. = —2.303RTlog(55.5K) (16)

@ds

Where R is the gas constant, T is temperature.K'fialues obtain from the isotherms (Langmuir, Temlglory-
Huggins and Frumkin isotherms) were used to deterifie values chAG,qsaccording to Equation (16). The values
of AG,gsare presented in Tables 5.

Table5, Adsor ption parametersfor the corrosion inhibition process

Adsorption Isotherm| Temperature (k) R2 Log K K AGags(KJI/mol) | Isotherm propert
Langmuir 303 0.9946| -0.0896  0.813¢ -9.6

Isotherm 333 0.9929| -0.1982 0.633f -9.9

Frumkin 303 0.9925| -1.1795 0.0661 -3.3 2.05556
Isotherm 333 0.9456| -1.4772 0.033 -1.7 ¢ 2.86175
Temkim 303 0.953 1.742 55.204 -20.2 -2.492
Isotherm 333 0.894 2.791| 618.01p -22.5 a -5.118
Flory-Huggins 303 0.8502| 0.6023 4.009 -13.6 0.9611
Isotherm 333 0.8604| 1.2825 19.1646 -19.3 X 3.4241

In all the cases, the values 86,45 are negatives, indicating that adsorption of tlatpextract is spontaneous and
occurred according to the mechanism of physicabigudi®n [11, 18].

3.3 Graphical analysis of the inhibition efficientl (%), as determined using RSM
The analysis of inhibition efficiency of the inhibi is presented in Figure 7.

Predicted vs. Actual

s 8

Frecac
8
N Y O

a) b)

379
www.scholar sresear chlibrary.com



Omotioma M. et al Der Pharma Chemica, 2015, 7 (11):373-383

Intitiioneffidersy @)

[rTm———

A: Inhibitor cone. (/)

0

Figure7, |E (%) of bitter leaves extract as corrosion inhibitor of Al in NaOH

a) Predicted versus Actual IE (%), b) IE (%) versuoisibitor concentration and temperature c) IE (@6)ysus
inhibitor concentration and time, d) IE (%) versesperature and time

In Figures 7, the graphical representation of t&dvIResults is presented. Predicted versus acto#d pie used to
test the significance of the models order. The ipted versus actual plot shows linear graph. Treplgs (3-D
surface plots) show the relationship between tltofa and responses of the designed experiment.fadters
include inhibitor concentration, temperature amdetiof the Al immersion, while the response is thkihition
efficiency. The result shows that increase in catretion of the inhibitor increases the inhibitiefficiency. Also,
inhibition efficiency increases with increase iméi, but reduces as temperature rises. The ANOVhefesult of
the response surface method is shown in Tabledbel

Table 6, ANOVA for the corrosion inhibition of Al in NaOH by bitter leaves extract

ANOVA for Response Surface Quadratic model; inhibition efficiency
Analysis of variance table [Partial sum of squares- Typelll]
Sum of Mean F p-value

Source Squares | Df | Square | Value | Prob>F
Model 2053.56| 9 228.17 11154 <0.0001 Significant
A-Inhibitor conc. | 117484 | 1 | 1174.84 | 574.33 | < 0.0001
B-Temperature 435.73 1 | 43573 | 213.01 | < 0.0001
C-Time 258.06 1 258.06 | 126.16 | < 0.0001
AB 107.60 1 107.60 | 52.60 | < 0.0001
AC 4.59 1 459 2.24 0.1650
BC 1.08 1 1.08 0.53 0.4840
A2 68.76 1 68.76 33.61 0.0002
B"2 4.64 1 4.64 2.27 0.1628
Ccn2 21.94 1 21.94 10.73 0.0084
Residual 20.46 10 2.05
Lack of Fit 20.46 5 4.09
Pure Error 0.000 5 0.000
Cor Total 2074.01| 19
Std. Dev. 1.43 R-Squared 0.9901
Mean 54.40 Adj R-Squared 0.9813
CV.% 2.63 Pred R-Squared 0.9307
PRESS 143.67 Adeq Precision 44.534

3.3.1 Mathematical models of the inhibition efficiency

The mathematical models for inhibition efficiencytbe bitter leaves extract as corrosion inhibtbthe Al in the

NaOH medium are shown in Equation (17a) for theedothctors and Equation (17b) for the actual factdhe

model shows the relationship among the inhibitiffitiency (IE), inhibitor concentration (A), tempsure (T) and
time (C). The model in terms of coded factors predihe response for given levels of each factbe doded model
shows the relative impact of the factors.

IE =+ 54.84 + 10.84A - 6.60B + 5.08C- 3.67A*B+ 6A4*C+ 0.37BC- 5.00A"2 + 1.30B"2 + C"2 (17a)
IE = +653.70148 +255.19119 * Inhibitor conc. -3.895* Temperature -45.43148 * Time -0.61125 * Intdipi
conc. * Temperature +5.68097 * Inhibitor conc. & +0.073496 * Temperature * Time -31.25284 * litioib
conc.”"2 +5.77576E-003 * Temperature”2 +25.41831ien2 (17b)

Considering the significant terms, the models afi&mns (21a) ad (21b) reduce to Equations (184} &)
IE =+ 54.84 + 10.84A - 6.60B + 5.08C- 3.67A*B #76A*C+ 0.37BC- 5.00A"2 + C"2 (18a)

IE = + 653.70148 + 255.19119 * Inhibitor conc. 7@69 * Temperature - 45.43148 * Time - 0.61128Hibitor
conc. * Temperature - 31.25284 * Inhibitor conc.425.41837 * Time”2 (18b)
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The Model F-value of 111.54 implies the model gngficant. There is only a 0.01% chance that arakw this
large could occur due to noise. Values of "Prob"3eBEs than 0.0500 indicate model terms are sicpnitfi. In this
case A, B, C, AB, A2, C"2 are significant modehts. Values greater than 0.1000 indicate the migdeis are not
significant. The "Pred R-Squared" of 0.9307 is@agonable agreement with the "Adj R-Squared" o818B9 the
difference is less than 0.2. "Adeq Precision" massithe signal to noise ratio. A ratio greater than desirable.

The ratio of 44.535 indicates an adequate sigria. graphical representation of the optimum pararméseshown
in Figure 8 below.

Inhibition efficiency (26)

=

A: Inhibitor conc. (a/h

Figure 8, Optimum parametersfor the corrosion inhibition process

The optimal conditions for the corrosion inhibitiafi the Al in NaOH were estimated as concentratibrthe

inhibitor of 1.0 g/l, temperature of 303 K and inmsien time of 1hr, under which the optimum inhibitiefficiency
is 80.54 %.

3.4 The Potentiodynamic Polarization Results

The potentiodynamic polarization curves are preskim Figure 9, below. The plant extract inhibittbcathodic
and anodic reactions and acts as mixed-type immibit

E vs SCE (V)

o R
.

log i (Alecm 2)

Figure 9, Potentiodynamic polarization curvesfor Al in NaOH in absence and presence of bitter leaves extract

3.5 FT IR analyses of the bitter leaves extract and corrosion product

The peaks, intensities and assignments (functigraips) of the FT IR analyses of the pure bittewés extract
(Figure 10)and corrosion products with the bitter leaves ext(&igure 11)are presented in Table 7 below. The
spectrum of the graph shows various peaks in teerbBance versus ware length relationship [21, 22je analysis
of the bitter leaves extract revealed the preseh€=C-H, Ar-H (bend out of plane), C-H (bend irapé), stretched

C-0, stretched C=C, stretched C=N, stretched C#i®tchied &C, stretched €N, stretched C-H and stretched O-
H functional groups..

g §a5H
Ak Fa = ﬁ“ $]§ AN s =
= \fAT 7 2 Ha
\’ \/I\\ ‘ \ \J’\/ \,\4,'\ /‘\ %
\ Y
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Figure 10, The FT IR spectrum of the bitter leaves extract
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Figure 11, FT IR spectrum of the corrosion product of Al in NaOH with bitter leaf extract
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In Table 7, C-H stretched at 3205.6 tpeak shifted to 3174.74 émAlso, O-H stretched at 3622.21 ¢rshifted
to 3390.76 crl. These shifts in peaks in suggest that theretésdntion between the Al and some molecules of the
inhibitor (bitter leaves extract).

Table 7, Peak, intensity and assignment of FT IR analyses

Bitter leaves extract Corrosion product of Al in NaOH
(containing bitter leaves extract as inhibitor)
Peak (cr) Intensity Assignment Peak (€n Intensity Assignment
767.66 0.6365 ;;;H, Ar-H bend out off ;4 55 1.6854 €C-H, C-H bend
1029.97 0.7209 C-H bend in plane 921.96 2.6189 ;;ﬁeH Ar-H bend out of
1168.84 3.3746
1245.99 0.5542 C-O stretch 1261.42 5 8867 C-O stretch
1600.88 0.6621 C=C stretch, C=N stretch 1600.88 172.6 C=C stretch, C=N stretch
1786.04 0.8482 C=0 stretch 1786.04 3.1778 C=Cctiret
2156.36 2.6264 _ -
2449.53 1.6445 € stretch, €N stretch 240324 2 6979 C=C stretch, €N stretch
2742.70 1.8599 C-H stretch 2804.42 2.8647 C-Hdtret
3020.44 2.4052 C-H stretch 2989.58 2.693 C-H gtretc
3128.45 3205.60 2.2605 2.1251 C-H stretch 3174.74 5713 C-H stretch
3329.04 3437.05 2.2743 1.9957
3622 21 1.0410 O-H stretch, 3390.76 2.6024 O-H stretch

3.6 Metal Surface Study
The micrographs of the corroded metals in the @iveoNaOH in the presence and absence of the tohibre
presented in Figures.

Figure 12, The micrograph of corroded Al surfacein NaOH.
a) without bitter leaves extract b) with bitter leaves extract.

Figure 12 shows micrographs by SEM of Al specimexigosed in 1M NaOH in the presence and absendeeof t
inhibitor. Considering corroded Al in both medibete were significant differences in the morphadsgdf the Al
surfaces in the presence and absence of the imhikiniform corrosion was observed. In the abseoic¢he
inhibitor, the Al surface was strongly damaged atio corrosion in the absence of the inhibitor, inuhe presence
of inhibitor, there is a much smaller damage onsingace. This is attributed to the formation ajaod protective
film on the Al surface. The surface-nature of tberaded Al in the presence and absence of theitohibhows that
the bitter leaf extract is a good inhibitor.

CONCLUSION

From the analyses of the experimental resultsahevfing conclusions can be made:

1. Adsorption of the extract on the Al surface wasmdéppneous and occurred according to the mechanism of
physical adsorption.

2. The optimal conditions for the corrosion inhibitiaf the Al in NaOH are concentration of the bitteaves
extract of 1.0 g/l, temperature of 303 K and imrmrdime of 1hr. The optimum inhibition efficienof the extract

is 80.54 %.

3. The extract of the bitter leaves is a mixed-tygehitor of Al in NaOH medium.
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