CAT’'S WHISKERS ( Cleome gynandra) AND GARDEN HUCLEBERRY
(Solanumscabrum) LEAF EXTRACTS AS CORROSION INHIBITOR OF
) N MILD STEEL IN HYDROCHLORIC ACID SOLUTIONS

Supported by
A

TERTIARY EDUCATION TRUST FUND

A.l. Onen™ and D.U. Yakubu?
!Department of Chemical Sciences, Federal Univerditykari, PMB 1020, Taraba State, Nigeria
2Department of Chemical Science and Technology, Bééalytechnic, PMB 35, Mubi, Adamawa State, Nigeria
*Corresponding addressifredonen@yahoo.com

Received:June 25, 2016 Accepted: September 08, 2016

Abstract:

The inhibition of corrosion of mild steel in hydifdoric acid solution bySolanumscabrum and Cloeme

gynandra leaf extracts has been investigated via weigtt fosasurements and potentiodynamic polarization
studies at 308, 318 and 328K. The inhibition effiies (%) increased with concentration of inhitsitand
decrease with increasing temperature while actwmatenergy of corrosion increases with increasing
concentration. The average value of Ea (6.57 kjama 4.18 kJmd) for the two extracts, respectively were
lower than 40.0 kJmdt implying that the inhibitors are physically adsed on the mild steel surface. The
mean values of Qads were found to be -12.22 aid dmof' for the inhibitors, respectively indicating that
the adsorption process is exergonic. Inhibitionnafd steel corrosion bySolanumscabrum and Cloeme
gynandra follows first order kinetics. Physical adsorptimechanism is proposed for the inhibitors.
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Introduction

Many synthetic compounds have shown
anticorrosion activity, though most of them are hiyg
toxic to both human beings and environment. Thetgaf
and environmental issues of corrosion inhibitorisiag
from industries have always been a global concguth
inhibitors may cause reversible (temporary) orviersible

2013; Rajah and Sethuraman, 2008; Ebestsal., 1998;

goodEl-Etre, 2006; Okafor and Ebenso, 2007; Ogwieal.,

2010) have contributed significantly to the green
mitigation by investigating several plants and tthei
different body parts as corrosion inhibitors.

In this study, the effect of extracts of the leafsCleome
gynandra and Solanumscabrum as inhibitors are evaluated

(permanent) damage to organ system like kidneys owith a view to determining their effectiveness asrasion

livers, disturb a biochemical processand enzyméesys
(Hammoutiet al., 2013). The toxicity may manifest either

inhibitors of mild steel in acidic medium.

during the synthesis of the compound or during itsMaterials and Methods

applications (Hammougt al., 2013).

From the standpoint of safety, the development ai-n
toxic and effective inhibitors is considered margortant
and desirable nowadays, which are also called eeodly

or green corrosion inhibitors (Manimegaktial., 2000).

These toxic effects have led to the use of nat@diucts

Sampling and sample preparation

Mild steel sheets of AA120 and purity 98% was aldi
from Mubi metropolis. Each sheet (0.1 cm in thicks)e
was mechanically press-cut into coupons of dimerssi®

x 4 cm. The coupons were descaled using wire bansh
degreased in absolute ethanol, dried in propanone,

as anticorrosion agents which are eco-friendly andweighed and stored in moisture-free desiccatorsr o

harmless. In recent years, many alternatives éendty

use. Methanol, ethanol, and distilled water were th

corrosion inhibitors have been studied and develope solvents used for the extraction process. All suydor

(Loto et al., 2014; Nooket al., 2016).

A compound or material deposited as a film on aamet
surface that either provides physical protectiomiras}
corrosive attack or reduces the open-circuit paént
difference between local
increases the polarization is called ‘corrosionibitbr’
(Sybil, 2003). Inhibitors are used to control trerosion
of metallic materials by controlling metal dissadut and
consumption, generally by forming a film on the atet
surface (Aggarwal and Avinash, 2002). Inhibitore ar
added to many systems, namely, cooling systemisergf
units, chemicals, oil and gas production units)dspiand
so forth. The use of chemical inhibitors has relgeln¢en
limited because of the environmental threat thesepmthe

society. Due to the known hazardous effects of most

synthetic corrosion inhibitors are the motivatiar the
use of some natural plant products as corrosioibiitoins
(Cyril and Adams, 2012).

Plant extracts have become important corrosiorbitdrs
because they are environmentally acceptable, imesipe
readily available and renewable sources of materiant

this study were of analytical grade. The extra23, 4o,
60, 80, and 100 mg/L) were prepared in 0.1M HCI and
used as inhibitors. Similarly, concentrations df2).0.04,
0.06, 0.08 and 0.1M HCI solutions was prepared a&di u

anodes and cathodes ands corrodent.

Weight loss measurements
The procedure reported earlier by Oretral. (2013) and
corroborated by Oguziet al. (2014) was adopted for the
weight loss measurement.
Corrosion protection efficiency measurements
Corrosion rates were described by weight loss pesitle
per unit area per unit time.These rates were catied|for
different concentrations of inhibitors in HCI usirige
formula:
AW, — AW
——0 =7 (1)

DAT
Where: W; andW, are weight losses for mildsteel in the
presence and absence, respectively of the inhibitetCl
solution (Aydogdu and Aydinol, 2006 is the density
(g/cn®), A is the area of mild steel bars @mT is the

Thecorrosion rate =

products are organic in nature, and some of thdime of exposure (hours).

constituents including tannins, organic and amic@sa
alkaloids, and pigments are known to exhibit intoityi
action.
procedures with low cost. Many workers (Hammett!.,

The percentage inhibition efficiency, olvas calculated
using the expression;

Moreover, they can be extracted by simple
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Electrochemical experiment was carried out using th ® 15 sosk
procedure of Cangt al. (2013) with Autolab Instrument 2 01 —’—318K
(model 302). All experiments were conducted at 308K § —+—3st
The exposed electrode area to the corrosive solwtias = 0051
0.28 cm. Potentiodymic polarization curves were obtained 0 T T T T )
by changing the electrode potential automaticaiy (- 0.02 0-04. 0.06 0.08 0.1
6000 to - 400mV) at open circuit potential. Measueat Concentration of Corrodent, Mol/dm-3HCl

was performed using a computerinterface fitted \Rigmo

. Fig 1: Plot of mean weight loss of mild steel against
version software.

various concentration of corrodent, HCI at 308, ah8l

. . 328K
Results and Discussion

Effects of temperature on weight loss

The percentage inhibition efficiencies, corrosiaterand

surface coverage for different concentrations of ldadl 0.06 -
inhibitors are given in Tablel. The mean weightslas 0.05 A

mild steel in hydrochloric acid increases with tiae the '

corrodent concentration and temperature were isecta 0.04

(Fig. 1). With an incregse in corrodent concemmniapd 0.03 4 . —e— 308K
temperature, more active molecules of the react@uis —— 318K
and mild steel surface) become available for tletien. 0.02 - —a— 328K
Thus, the observed trend may also be due to thiettat 001 ’\-‘\‘\0\‘

rates of chemical reactions generally increase \aithl '
concentration and temperature. . T T . )
20.00 40.00 60.00 80.00 100.00

o

Mean weight loss of mild steel (g)

Table 1: Corrosion Parameters for Mild steel Concentration mg/L of Solanum Scabrum
Corrosion in 0.1M HCI with inhibitors
(Solanumscabrum and Cloeme gynandra) at 308, 318 Fig. 2: Plot of mean weight loss of mild steel against
and 328K various concentration of inhibit&@olanumscabrum at 308,
Inhibitor Inhibition Corrosion Surface 318 and 328K (Similar plot was obtained fdg.
Conc. Efficiency (%) Rate (x10) Coverage ) gynandra)_
(mg/L) 308K 318K 328K 308K 318K 328K 308K 318K 328K
Blank - - - 56.4676.30 86.60 - - -
S. Sacabrum w 87
20  93.0489.50 87.89 3.93 8.01 10.480.93 0.90 0.88 R 96
40 93.4190.81 88.12 3.72 7.31 10.290.93 0.91 0.88 Z 94 308K
60 94.1491.08 88.34 3.31 6.81 10.100.94 0091 0.88 § 92 - m318K
80 95.2491.3489.23 269 6.61 9.32 095 0.91 0.89 £ 90 - 208K
100 96.3492.13 90.58 2.07 6.01 828 0.96 0.92 0.91 S 88 -
C. gynandra Zg 86
20 91.5889.76 88.57 4.76 7.81 9.90 0.92 0.90 0.89 £ 84 -
40  92.6790.8188.79 414 7.01 9.71 0.93 091 0.89 = g8 -
60 93.0491.60 89.01 3.93 6.41 952 093 0.92 0.89 20.00 40.00 60.00 80.00 100.00

80  93.7792.1389.46 3.52 6.01 9.13 0.94 0.92 0.89

Concentration of Solanum scabrum (mg/L)
100 94.1492.6589.91 3.31 561 8.74 0.94 0.93 0.90

The mean weight loss of mild steel decreased withF'g' 3: Plot of percentage inhibition efficiency (gblof

increase in concentrationsof the additives (the éwtpact) mild steel against various concentrations of irtbibi
and temperature as in Fig. 2. This establishes ttiea (Solanumecabrum) at 308, 318 and 328K.

additives are corrosion inhibitors for the mildedte 0.1M
hydrochloric acid. These observations are in agez¢m
with those made by several researchers (Ekpé, 1997;
Onen, 2004, 2006) and may be attributed to an @serén
the rate of ionization and diffusion of the actie@s and
also formation of film on the mild steel by the iinitors,
which passivates the alloy. Surface coverage isea
with increase in inhibitor concentration and desesawith
increase in temperature, as shown in Tablel.

Effect of inhibitor concentration on inhibition efficiency
Inhibition efficiency was determined using equati(®)
and reported in Table 1. Fig. 3 shows plot of iitoh
efficiency (%) versus various concentrations of
Solanumscabrum at 308, 318 and 328K and a similar plot
was also obtained fo€. gynandra. Inhibition efficiency
(%) increased with increasing concentration of the
inhibitors but decreased with increasing tempeeat808-
328K). This shows that the inhibitors function effeely

at lower temperatures. This trend of inhibition
effectiveness is also confirmed from the polaraati
studies (Table 3). The decrease in inhibition &fficies
with increasing temperature shows that the timddaghe
process of adsorption of the inhibitor molecules tba

FUW Trends in Science & Technology Journal, www.ftstjournal.com 498 J;
e-ISSN: 24085162; p-ISSN: 20485170; October, 2016 Vol. 1 No. 2 pp 497 - 501 -



Leaf Extracts of Cleome gynandra & Solanumscabrum as Corrosion | nhibitor

mild steel surface becomes shorter. This observasion
agreement with report by Onen (2007).

Kinetic and thermodynamic analysis of the results

Plots of logarithm mean weight loss versus timeygilat
308K in different concentration of hydrochloric @ci
(without inhibitor) and with inhibitor are shown Figs. 6
and 7, respectively. A linear variation was obsérfrem
these plots which signify first order kinetics fdine
inhibition process. The activation energies, Eegréed in

Table 3 were determined using the equation;
Ea =2303R—2 1og 22
T2-T1 p1l

4

Where: p; andp, are corrosion rates at 308K and 318K,

respectively (Onen and Nwufo, 2007).

The average value of Ea 6.57 and 4.18 for the

Solanumscabrum and Cloeme gynandra, respectively is

lower than 40.0 kJmdt implying that the inhibitors are
physically adsorbed on the mild steel surface.

The values of heat of adsorption, Qads as depitted
Table 3 were determined from the relation:

Qu = 19147 109 25— 09 -25) (2)

®)

Where: 0, and@, are surface coverage at 308K and 318K,

respectively foiT; andT, (Onenet al., 2013).
All the values of Qads with mean values of -12.2ghal*
and -4.57 kJmél for S scabrum and C. gynandra,

respectively recorded in Table 2 indicated thathbot

inhibition efficiency and heat of adsorption desed with
increase in temperature. This agrees with repérf®en,

2006; Onen and Nwufo, 2007). The negative values o

Qads also suggest that repulsive interactions oedur
between adsorbed inhibitor molecules and the nidels
The negative values of ;Q equally signify that the
adsorption is spontaneous; a property of strongitan-
metal surface interaction.

Table 2: Kinetic and thermodynamic parameters for
mild steel corrosion in 0.1M HCI with inhibitors
(Solanumscabrum and Cloeme gynandra) at 308, 318
and 328K

o Mean weight loss Activation Heat of
Inhibitor energy adsorption
Cone, Ea(kJ m01‘1) Qads
(mg/L) 308K 318K 328K (kdmot?)
308-318K 308-318K
Blank 0.273 0.381 0.446 2.44 -
S Sacabrum
20 0.019 0.038 0.054 5.81 -0.36
40 0.018 0.035 0.053 5.14 -6.11
60 0.016 0.034 0.052 5.89 -10.18
80 0.013 0.032 0.048 7.33 -17.52
100 0.100 0.025 0.042 8.67 -26.97
Average 6.57 -12.22
C. gynandra
20 0.023 0.039 0.051 4.03 -0.39
40 0.020 0.035 0.050 4.27 -5.14
60 0.019 0.032 0.049 3.98 -4.48
80 0.017 0.030 0.047 4.37 -6.36
100 0.016 0.028 0.045 4.27 -6.47
Average 4.18 -4.57

Table 3: Data obtained from potentiodynamic
polarization curves shown in Fig. 5 and 10 for mild
steel electrode in 0.1M HCI in different concentrabns
of the extracts at 308K

. i corr Ep

S/no. Concentration (x109) (%)

Blank 0.1M 683.100 -
Solanum scabrum 20mg 32.620 95.22
" 40mg 7.227 98.94
" 60mg 5.897 99.21
" 80mg 4.412 99.35
" 100mg 3.542 9948
Cloeme gynandra 20mg 43.65 93.61
" 40mg 37.09 94.57
60mg 33.88 95.04
80mg 28.28 95.86
100mg 25.68 96.24

Adsorption analysis of the results
It is clear from Table 1 and Fig. 3 that the intidn
efficiency (%) and surface coverage) (increased with
inhibitor concentration and decreased with incragasi
temperature. This further confirms physical adsorpt
(physisorption) mechanism for the inhibition prozes
(Onen and Nwufo, 2008). The high surface
coverageobserved at high inhibitor concentratisrduie to
very strong interactions between the adsorbed epethe
urface coverage values imply that the adsorptiothe
wo extract (inhibitors) at the mild steel interfamay be
due to electrostatic force between the atoms onméel
surface and the adsorbates. This observation agvitles
assertion made by earlier authors (Cengl., 2013; Ekpe
et al.,, 1997; Onen, 2006, 2007; Onen and Nwufo, 2007,
2008). Adsorption plays an important role in thikiliition
of metallic corrosion by organic inhibitors. The
efficiencies of inhibitors expressed as the redativ
reduction in corrosion rate can be quantitativelated by
the amount of adsorbed inhibitors on the metaleserf It
is assumed that the corrosion reaction are prestefnben
occurring over the active sites of the metal swfeavered
by adsorbed inhibitors species, whereas the camosi
reaction occurs normally on the surface at inhikitree
area (Chaurvedit al., 2012).
Corrosion rate of the mild steel decreases witheiasing
concentration of the extracts (Fig. 4) and increaséh
temperature increasing. The inhibition efficiencisoa
increases with increasing concentration of the aeksr
(Fig. 3), suggests that the extract molecules act b
adsorption on the metal surface. Consequently, the
increasing of the inhibition efficiency was ascdb® the
increase in surface coverage. It was observed that
corrosion inhibition efficiency decreased with ieasing
temperature and the bestefficiency was obtaineg80&K
as a result of a decrease in the adsorption ofaetxtr
molecules.
The kinetics of the corrosion process is similarthe
characteristics of a diffusion process; in which at
highertemperature, the quantity of extract (inlibit
molecules present at the metal surface is lowen tia
lower temperatures. The enhancement of inhibition
efficiency at lower temperatures may be due to
highactivation energy available for adsorption, ahe
higher rate of diffusion of inhibitor molecules. i¥h
assertion is supported by several authors (Aydogyoid
Aydinol, 2006; Cangt al., 2013; Ekpeet al., 1997; Onen,
2004, 2006).
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Fig 4: Plot of Log of mean weight loss of mild steel s \"g ) \\
against various concentration of corrodent for ysdat s = S :
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~— Fig. 7: Potentiodynamic polarization curves of mild steel
8 - .\.\H\. electrode in 0.1M HCl without and with various
6 —o— 308K concentrations db. scabrum.

—@— 318K

4 ’\‘\0\‘\‘ 328K Conclusions
2 4 The inhibitors Solanumscabrum and Cloeme gynandra)

investigated retarded the acid corrosion of thed mtkel;

to some extent, being physically adsorbed on th&lme
surface. The inhibition efficiency (%) increasedthwi
increasing concentration but decreased with high
. . . . . temperature. A linear variation was observed frdra t
Fig. 5: Plog of corrosion rate of mild steel against vaso plots which signify first order kinetics for thehiition
concentrations ofSolanumscabrum at 308K, 318K and  ,rcess. On the basis of Ea values, both extréegsathe
328K (similar plot was obtained f@. gynandra) mechanism of physisorption. The values of Qadsiobta

at 308K and 318K were all negative indicating tta
inhibitors are strongly adsorbed on steel surfatg the

Polarization Measurements . adsorption was spontaneous.
Figs. 6 and 7 show polarization curves for the bittdn
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