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ABSTRACT

Herein, the optimization of inhibitive action of the ethanol extract of oil fRianalima nitida
leaves, towards acid corrosion of zinc, was tested using weight loss and thermometry methods. We
found that the extract acés a good corrosion inhibitor for zinc corrosion in 0.1 M HCI solutions. The
inhibition action of the extract was discussed in view of Langmuir adsorption isotherm. This revealed
that spontaneous processes govern the adsorption of the extract on zice. $igfain, the inhibition
efficiency (E) increases in line with corresponding increase in extract concentration. The temperature
effect of the corrosion inhibition on tH& was also studied. This indicated that the presence of the
extract increases theeded activation energy of the corrosion reaction. Furthermore, in our work, an
optimal inhibition efficiencylE (%) of 86.78 was obtained at optimum inhibitor concentration of 1.2
gb*, optimum temperature and time of 3K3 and 8 lours, respectively. From the calculated
thermodynamic parameters, it can be said, thenPibedlima nitidaextract provides.good protection
to zinc against pitting corrosion in chloride ion containing solutions.
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1. INTRODUCTION

Corrosion is an electrochemical process that gradually returns metals such as zinc to its
natural state in the environment. In other words, corrosion can be said to be destruction of
material resulting from exposure and interaction with the environmestaltnajor problem
that requires immediate confrontation for safety, environment, and economic reasons. This ugly
menace was also identified by (Thompsdral, 2007). Zincis a componerf awide variety
of alloys used since ancient times. Buildingustty frequently uses zinc alloys in roofing of
house and other construction work because of its ductility and malleability. Therefore, zinc
alloys are widely used in the production of many components andasimg fittings in
automobile manufacturing ad the mechanical industry, thanks togtsd protectioror super
plasticity.

Zinc, in spite of the so called super plasticig/not spared by corrosion, especiafier
prolonged period of exposure in corrosive environment, such as HCl.dserg¢lasongsa lot
of efforts have been made using corrosion preventive praciicdshe use of green cosion
inhibitors is one of therfAnuradhaetal., 2007). The use of green inhibitors foetcontrol of
corrosion of zinand alloys which are in cortawith aggressive environment is an accepted
and graving practiceas confirmed by\(aldezet al, 2003; Tayloy 2007; Khaleckt al, 2008;

Bothi et al, 2008. Large numbers of organic compounds are being studied to investigate their
corrosion inhibitionpotential. Relation of these studies shows that organic compounds are not
only expensive, Wt also toxic to living beings.

Plant extracts and organic species have therefore become important as an environmentally
acceptable, readily available, and renewablgrce ér a wide range of inhibitor&@jendraret
al., 2004; Mesbalet al, 2007; Okaforet al, 2007). They are the rich sources of ingredients
which have very high inhibition efficiencyandm c e t er med A Gebrnieetal, | nhi bi
2008; Radije et al, 2008;Refeayet al, 2008). Oguzieet al., 2006,experimentally suggested
thatgreen corrosion inhibitors are biodegradable and do not contain heavy metals or other toxic
compounds. The successful use of naturally occurring substances to inhibit the corrosion of the
metals in acidic and alkaline environment have been reported byreseagch groups (Sharma
et al, 2009;Mabrouket al, 2011; Eddyet al, 2012). Research efforts to find naturally organic
substances or biodegradable organic materials to be used as effective corrosion inhibitors of a
wide number of metals has been ofhéhe key areas in this research work (Hryniewietzal,

2016, 2017).

The aim of this study is to optimize the inhibitive propertie®iafalima nitidaleaves
extract onto zinc in hydrochloric acid media usagesponse surface methodology (RSM).
Seveal studies have already been carried out and have remained focusedRicrahma
nitida leaves extract for their various pharmacological activities. FilBttyalima nitidaplant
is a tree that can reach a height of 35 meters, but is usually lssa.dbmmonly used herbal
remedy intheWest Africa. All parts of the plant are bitter throughout its distribution area. The
seeds, barks, rogtand leaves have a reputation as a febrifuge and remedy for masanell
as also being extensively used for pain relief and treatment of chest and stomach problems,
pneumonia and intestinal worms (Nagatral, 2012). A decoction of the leave is taken as a
treatment for measles. TiRecralima nitidaleave contains manyrganic compounds, such as
phenolics, terpenoids, and tannins as their major phytocompoands also saponins,
flavonoids and alkaloids in moderate amount to scavenge free radicalsngaiatoxification.
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Presently, to the best of our knowledge remrted work inthe area of environment has
been carried out on the corrosion inhibitive properties oPlbealima nitidaleaves extract.
Therefore, the aim of this research is to carry out a thorough investigation towards that, in 0.1
M HCI using the leags extract of the study was done using thermometer, weight loss
(Gravimetric) methodand FTIR analysis. The effect of temperature and concentration on the
rate of corrosion were also studied, and some thermodynamic and kinetic parameters were
calculatedtoo. Application of central composite design (CCD) for optimization using statistical
approaches such as RSM can be employed to maximize indepeadable factorsighibition
concentrations, temperaturand time) affecting corrosion inhibition processe order to
secure optimal expected responses, such as weight loss, corrosion rate and inhibition efficiency
(E.E. Oguzie2006; MabroukE. M. et al, 2011)

2. EXPERIMENTAL METHODS
2. 1.Materials

Gravimetric and thermometriests were performed @9.988% 4, other components
(wt%) were: Pb 0.003, Cd 0.003, Fe 0.002, Sn 0.001, Cu 0.00, Al 0.001. The sheet of zinc was
cut into coupons (2.6 m 2l6cm 1 0.015cm), cleaned and polished with emery paper to
expose shining polished surface. The coupoarewlegreased with acetone in order to remove
any trace of oil and impuritieand finally washed with double distilled water, dried in air and
then stored in desiccators prior to use.

The aggressive solution 1.0 M HCI was made from analytical grade dhdriz acid
(37%), and distilled watePRicralima nitidaleaves collected from Uke in Anambra, Nigeria
weresundried for three days. The dried leaves were ground to increase the surface area and
stored in a closed container. For every of the extraction process, 30 grams of each of the ground
Picralima nitidaleaves were measured and soaked in 100 ml of etf@and8 hours. At the
end of the 4&irs, each plant mixture was filtered. The filtrate is the mixture of the plant extract
and the ethanol. The extract Bfcralima nitida leaves obtained in ethanol solvenivas
concentrated, distilled off the solveatd evaporated to dryness. The plant extract was weighed
and stored for the corrosion inhibition study.

2. 2.Fourier Transform Infrared (FTIR) Analysis of Picralima nitida extract and
Corrosion Production

The zinc was immersed in the H@kdium in the presence of tRecralima nitidaleaves
extract. At the end of the corrosion study, the corrosion products in the beakers weteccolle
with aid of sample bottleSHIMADZU FT-IR spectrophotometer, model: IR affinityL, 5/NA
2137470136 S))used for the determination of the functional groups of the leaves extract of
PNL (pure) and corrosion products in the presence of the PNL extract (O2G0&,
Nwabunneet al, 2011; Nnannat al, 2013;Rubite Okorosaye, 2004). Comparative analysis
of various FTIR produced peaks were carried out in order to determine the exact functional
groups for the corrosion inhibition process.
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2. 3. Thermometric Method of the Corrosion Inhibition Study

The measurements were carried out using a thermostaBdCator the zinc in free and
inhibited HCI. The temperatures of the system containing the zinc and the test solution were
recorded regularly until a steady temperature velag evaluated using eqn. (Dgnhg, 2012;
Patelet al, 2013; Alinoet al, 2013; Satapatht al, 2009)

VARV

YO ‘
0

p

where T andT; are the maximum and initial temperaturdS)( respectivelyandt is the time
in minutes elapsed to reath.
The inhibitor efficiencywas determined using e@):

ob YOHQQ
P Yo od ™™ S

where RNree andRNygq are the reaction numbers for the zinc dissolution in free and inhibited
corrosive mediunrespectively.

2. 4.Weight loss (gravimetric)method using one factor at a time

The weight loss methodas carried out applying one factor at a time. Considering the
said method, the weight loss method was carried out at different temperatures and with various
concentrations of thePicralima nitida extract. Weighed zinc coupons were separately
immersed in 80 ml open beakers containing 200 ml of 1.0 M HCI. More so, zinc coupons were
separately immersed in 150 ml open beakers containingr2@d 1.0 M HCI with various
concentrations of PNL extract.

The variation of weight loss was monitored periodically aious temperatures in the
absence and presence of various concentrations of the extracts. At the appropriate time, the
coupons were taken out, immersed in acetone, scrubbed with a bristle brush under running
water, dried and reveighed. The weight loss waalculated as the difference between the initial
weight and the weight after the removal of the corrosion product. The experimental readings
were recorded. The weight lo€Bw), corrosion rateR) and inhibition efficiencylg) were
determined using theqrs (3), (4), and (5), respectivelf¥he surface coverage was obtained
using equation 5 (Etre,2003):
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where wi andw are the initial and final weight of zinc samplesspectivelyW; and Wp are
the weight loss values the presence and absenceardiibitor, respectivelyA is the total area
of the zinc sample artds the immersion time.

2. 5.Effect of Temperature on the Corrosion Rate
Effect of temperature on the corrosion rate was described using Arrhenius equation

CR=AgBRT (7

where CRis the corrosion rate of the zin&,is the preexponential factorza is the activation
energy,Ris the universal gas constaBtuation(7) can be linearized to form e@):

086y 0B 08, ..EY Y

Considering the corrosion rate of the zindaand T, asCR; andCRy, then eq(8) can
be expressed by eq. (9) [18, 20]. As follows:

08 o'Y Oon P P ©
oY ¢y Y Y Y

Thermodynamic parameter for the adsorptimocess The heat of adsorptio®ads
(kJ@nol ) was calculated using e.0) [21}
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where Ris the gas constanix and ¢ are the degreseof surface coverage at temperatiite
andTa, respectively.

2. 6.Consideration of theadsorption isotherm

The data obtained for the degree of surface coverage were used to test for the applicability
of different adsorption isotherms (Langmuir, FrumKiemkin and FloryHuggins isotherms).

1) Langmuir Isotherm
Langmuir isotherm can be expressed by(&d)) (Umoren and Ebens2007).

1o

P,
o ° PP

where C is the concentration of the inhibitd€,is the adsorption equilibrium constant agid
the degree of surface coverafielogarithmic form, eq. (11) can be expressed in eq: (12)

| 'I'E;Q 1 16C 1 ToC P C
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2) Frumkin Isotherm
Frumkin adsorption isotherm can be expressed according {4 8y.

i1 60
o) o —

C® Tmooé Qug| — po

where K is the adsorptioh desorption constaj@nda is the lateral interaction term describing
the interaction in adsorbed layer.

3) Temkin isotherm
Temkin isotherm can be expressed by(&4) [19]:
¢® mol0C ¢&® mioi6C
W &)

PT

where K is the adsorption equilibrium constaats the attractive parameteyjs the degree of
surface coveragendC is the concentration of the inhibitor

4) Florry -Huggins Isotherm
The FloryHuggins isotherm can be expressed by( 5.

‘|'|'§ 1 70C ol T — pU

where xis the size parameter and is a measure of the number of adsorbed water molecules. The
free energy of adsorptioGad9) was catulated according to eq. (1&{adomet al, 2009;
Cabotet al, 1991):

DGads= - 2.30RTlog (55.K) (16)

where R is the gas constant, is the temperatureK values obtaiad from the isotherms
(Langmuir, Frumkin, Temkirand FloryHuggins isotherrs) wereused to obtain the values of
&Gagsaccording to eq. (16).

3. RESULTS AND DISCUSSION
3. 1. FTIR Spectrophotometer

FTIR Spectrophotometer is a strong instrument that can be used to identify the type of
bonding, especially functional group (s) preserheorganic compounds:ig. 1 shows thdR
spectrum of the ethanolic extractRitralima nitidaleaves extract. Initial absorption at 3952.4
to 3543.24cn ! (associated hydroxyl) was overlapped by the strong stretching bongHof O
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Fig. 1. FTIR spectrum ofa) pure extract oPicralima nitidaleave(b) corrosion product of
zinc in HCI medium withPicralima nitidaextract.
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The peaks at 3477.62 to 3261ct6  are attributed tthemedium and often broad stretch
band of amines and amidésH. Wave bang3141.8 and 3053.0& ! are variable stretch of
alkyl and aldehyde bond group;HC The absorption band at 2971.8@r ! stands for strong
and very broad stretch of carboxylic acid (free bond of alcohol). Wave band of 2¢&194
2829.14cmr ! are twopeaked medium stretch bond of aldehydd, C. The peak at 2404.54
to 2030.12 cm' represerg variable and sharp stretch bond of alkyne and nitrite, C=N. Wave
band 1837.48 cm' 1658.65 cm® arestrong representatigef stretch bond of acids, esters
anhydridesand aldehydes, C=0. The absorption bands 15978 &#89.54 cm' are multiple
sharp, medium peaks stretch of aromatic bond, C=C. This showBithalima nitidaleaves
extract contains mixtures of compoundsat is, alkaloids, flavonoids, phenolics, phytates,
terpenoids, tanninand steroids (Satapatkyal., 2009).

3. 2.Results of the Corrosion Inhibition as Determined by Thermometric Studies

The effect of concentration éficralima nitidaleaves (inhibitor) extract on the reaction
number RN) and the inhibition efficiencylE) of zinc in the 0.IM HCI medium is presented
in Table 1 It was revealed that increase in concentration of the inhibitor lowers the reaction
number. This is in agregent witha previous observatiorL{prini et al, 2008). More so, the
inhibition efficiency increases with increasing concentration of the inhibitor.

Table 1. Effect of thePicralima nitidaleaves extract on tH&(%) of zinc in
0.1M HCI medium

Inhibitor concentration (gi%) RN IE (%)
0 0.1714

0.2 0.0863 49.65

0.45 0.0686 59.98

0.7 0.0423 75.33

0.95 0.033 80.74

1.2 0.027 84.25

3. 3. Weight loss measurement

Fig. 2represents the relation between time and inhibition efficiency of zinc M GICI
at various concentratisnof Picralima nitida leaves extragtwhile Table 2 represerd
experimental results dheweight loss and corrosion rate using one factor ate.tim

Inspection of Fig. 2 reveals that the loss of weight increases linearly with increasing time
in all tested solutions. However, the slopes of the obtained lines which represent the rate of
weight loss, are affected blyeaddition ofPicralima nitidaextract. The presence of the extract
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causes a sharp decrease in the rate of weightiEssat different concentrations of the extract
were calculated using the equatiof)(1

o 0 0

(0)€ o p T p X

where Wi and Wy are the weight loss values the presence and absence of inhihitor
respectively.

100
90
80 —4— 0.2 g/l
70 —m— 0.45 g/l
60
g 50 0.7 g/l
W == 0.95 g/l
30 == 1.2 g/l
20
10
0
0 5 10 15 20
Time (hr)

Fig. 2. Plot of IE(%) of zinc in HCI versus time at various concentragiohPNL extract.

Table 2. Corrosion inhibition of zinc in 0.M HCI with Picralima nitidaleaves extract

Time Temperature In?ézléor Weight Corrosion__rate Inhibition Degree of
(h) (K) (gl 1)' loss (9) (mg/cntCh) efficiency (%) surf.cov.
0 0.521 4.824 - -
0.2 0.245 2.269 52.98 0.5298
12 303 0.45 0.217 2.009 58.35 0.5835
0.7 0.187 1.731 64.11 0.6411
0.95 0.1 0.926 80.81 0.8081
1.2 0.071 0.657 86.37 0.8637
0 0.545 5.046 - -
0.2 0.323 2.991 40.73 0.4073
12 313 0.45 0.264 2.444 51.56 0.5156
0.7 0.19 1.759 65.14 0.6514
0.95 0.145 1.343 73.39 0.7339
1.2 0.117 1.083 78.53 0.7853
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0 0.61 5.648 - :
0.2 0.391 3.62 35.9 0.359
0.45 0.31 2.87 49.18 0.4918

12 323 0.7 0.23 213 62.3 0.623
0.95 0.175 1.62 71.31 0.713
1.2 0172 1.503 718 0.718

The values ofEs andgs differentPicralima nitidaextract concentrations are given in
Table 2 The tabulated data revealed that, fheralima nitida leave extract acts as a good
corrosion inhibitor for the acid corrosion of zinc. The corrosion inhibition increases with
increasing extract concentratiorhd analysis of th@icralima nitidaextract revealed that the
ethanolic extract contains toluene, formulasig; molecular weight, 92, cyclohexane having
formula GH1s, molecular weight 112, hexane, L;$clopenta deine, molecular weight, 156. It
also catains at least ten nerolatile acids including eicosane and citric acids. The adsorption
of the compounds on the electrode surface makiearrier for mass and aige transfersas
confirmed by El-Etre,2003). The outcome of this situation leads to a protection of the metal
surface from the attack of the aggressive anions of the acid. The extent of protection increases
with increasing of the surface fraction occupied by the adsorbed molecules. As dwd extr
concentration is increased, the number of the adsorbed molecules on the surface increases.
Table 2 represents also the values of adsorption isotherm parameter. Frohalle a
parameter q), which was estimated from tli values, could be used tgoresent the fraction
of the surface occupied by the adsorbed molecules. Inept examination of Table 2 reveals that
the values ofyincrease with increasing inhibitor concentrations. The dependence of the fraction
of the surface occupied by the adsorbed ks on the inhibitor concentratiot) {s shown
in Fig. 3. A plot of C/gversusC gives a straight line wita unit slope. The results indicate that
the adsorption of inhibitor molecules on the zinc surface falomngmuir isotherm. In ther
words, theesult suggests that there are no interactions or repulsion forces between the adsorbed
molecules. Itis of interest to note here that,glialues obtained from the other used techniques
also obey the Langmuir adsorption isotherm.

The standard adsorptidree energy@Gad9 was calculatedsing the following equation
(Umoren and Ebens@p07):

‘ P Aob YO
v WwWww Y'Y Py
where 999 is the concentration of water in solution expresseliih Bis gas constant, ard
- absolute temperature. The mean values of standard adsorption free ddesgy Was
- 46.4018 Kol !. The negative value dGagsguarantesthe spontaneity of the adsorption
process and stability of the adsorbed layer on the metal surface. It is generally knotine that,
values ofDGags Up to - 20 kJinol ! is consistent with electrostatic interaction between the
charged molecules and thkargel metal (physisorption) while those arouidd kJ@nol ! or
higher are associated with chemisorptiassa result of sharing or transfer of electrons from
the molecules to the metal surface to form a coordinate type of bond. Other researchers,
howe\er, suggested that the range @&aqs of chemical adsorption processes for inhibitor in

-149



World News of Natural Sciencd$ (2017)139161

agueous media lies betweedl and- 42 kJ@nol 1. Similar results were gotten biJoren and
Ebenso2007; Khadonet al, 2009).

Table 3. Adsorption parameters for the corrosion inhibition of zinc in HCI by PNL extract

Adsorption Temperature 2 DGads
isotherm (K) R LogK K (kdGnolY) Isotherm property
Langmuir 303 0.992 -0.155 0.6998 -9.220
isotherm 323 0.978 -0.108 0.7834 -10.132
Frumkin 303 0967 -1.1772 0.0665 -3.290 2.086
isotherm 323 0.993 -0.9917 0.1019  -4.653 a 1.899
Temkin 303 0.834 -1.8252 0.0150  0.461 . -2.684
isotherm 323 0.976 -1.3992 0.0399 -2.135 -2.321
HFu'O“i’;]S 303 0.622 0474 29785 -12.869 . 0.762
isog\%rm 323 0926 0427 2.6730 -13.428 1.119

FromTable 3 the values 0DGads as recorded in the present work, has been considered
within the range of physical adsorption. Limited increase in the absolute vdl@&gwfat 303
K temperature, then, heat of adsorption decreases again l&f Bitiscating that the adsorption
was somewhat favorable at the experimental temperaturéliaradima nitidaleaves extract
adsorbed according to physical mechanisms, i.e. desorpfionhibitor molecules when
temperature increased.

0,3
02 ®
y = 0.5878x + 0.1556 ’
wu [ nopdpll
Il‘n
- ; ) e ¢ 303K
> ’ ’ B 323K
S
—— Liniowy (303 K)
————— Liniowy (323 K)
-0,5
log c

Fig. 3.Plots of Langmuir isotherm for zinc in HCI with PNL extract.
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Moreover, the major characteristic Langmuir isotherm can be expressed in terms of linear
regression coefficient. The value of tleear regression coefficient is close to unity, hence
adsorption of théicralima tinidaleaves extract follows Langmuir isotherm antivRlue is
0.994 O 0.982. It is very i mpdindicatma highho not e
favorable adsompn. R? > 1 unfavorable, R= 1 linear, 0 < R< 1 favorable and if R= 0,
irreversible. Table 3 shows the various values ofoRthe entire tested isotherms model. The
values ofKagsare relatively smallindicating that the interaction between the adsorbed extract
molecules and metal surface is physically adsorbed.

A close look atTable 4 shows various inhibition concentrat®iig® 1) and their
respective activation energgJmol ). From theTable, catulatedEa value for the inhibited
solution withPicralima nitida extractare52.404 and 82.98KJtnol ! in the presence of the
inhibitor of 0.95 and 1.2 @ ! extract concentrations, while with 0.45 and 0.7Q" Y
concentration, the activation energies are 33.418 and 1RJ&B4I . The higher values da
suggest that dissolution of zinc in the presence of inhibitor is slow, indicating a strong inhibitive
action of phytocompounds of alkaloids, flavonoatsl tannins presence Ricralima nitida
leaves extracts, which leads to increasing the energy barrier for the corrosion processt(Cobot
al., 1991). Actually, toluene molecules (the main compouniafalima nitidaleave extracts
oil) are easily protoated and exist in 0. HCI medium in cationic form. Indeed, it is logical
to assume that in this study, the electrostatic cation adsorption is responsible for the good
protective properties of this compound.

Table 4. Activation Energy and Heat of Adsorption for the Corrosion Inhibitor of Zinc in
0.1 M HCI at various Inhibition Concentrations

Inhibitor concentration @ 1) Ea (kJtnol?Y) DGads (kJ@nol 1)
0.2 43.768 - 28.445
0.45 33.418 -15.054
0.7 19.434 -3.167
0.95 52.404 -21.453
1.2 82.985 -37.102

3. 4.Results of the gravinetric method using RSM approach

The expected responses of weight loss, corrosion aateinhibition efficiency to the
independent variables, such as concentration, temperangetime in respect to corrosion
inhibition of Picralima nitidaleave extractsas a green corrosion inhibitor for zinc in H&te
listed inTable5.

3. 5 Graphical Analysis of the Inhibition Efficiency, IE (%), as determined using (RSM)

Response surface methodology (RSM) was used to analyze the response. The ANOVA
and graphical analyses of the inhibition efficiencies were carried out. The mathematical models
in terms of coded and actual factors were obtained. The model in terms of aotied Was
used to make predictions about the responsthé&agiven levels of each factor.
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