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ABSTRACT

The inhibitive action of henna éwsonia /nermis) leaves on mild steel in acetic acid solution
have been investigated by weight-loss, A C impedasgd potentiodynamic polarization
measurements. The study indicates that as acidentmation increases corrosion rate
increases. The corrosion inhibition efficiency e&ses with increase in concentration of
extract. The result obtained revealed that herma&keextract act as an efficient inhibitor. The
adsorption of the henna leaves extract obeyed Lamgmdsorption isotherm. The calculated
thermodynamic parameters indicated that the adsorpvas a spontaneous, exothermic
process accompanied by an increase in entropy.o@atland anodic polarization curves
show that henna leaves extract is a mixed-typdoitdri
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1. INTRODUCTION

Corrosion of metal/alloy, which can be define as tieterioration of materials due to their
reaction with the environment. It is a common peoblin industry and it has received a
considerable amount of attention. Mild steel iselydused as constitutional material in many
industries due to its good mechanical property kawd coast. However, the main problem
using mild steel is its dissolution in acidic madiult is found that organic acids are present
in produced water and was reported as a severakooin corrosion of mild steel pipeline in
oil and gas industries [1-4]. Generally lower maolec weight organic acids can lead to
corrosion of mild steel pipeline [5]. The use diilmtor is one of the most important methods
for protection of mild steel against corrosion mdamedia. The extract of plant leaves also
known as green inhibitors such Bewbouldia leavig6], Carica Papayaand Camellia
Sinensif’], Euphorbia hirta[8], Tithonia diversifolia[9], Cola Acuminataand Camellia
Sinensis[10], Vernonia Amygdaling11,12] among other have been studied for corrosio
inhibition of metal in various media. All these diies reveals that the plant extract contain
organic compound like those contains N, S and Qvedanhibition efficiency. The main aim
of present work is to find out corrosion inhibitiefficiency (I.E.) of agueous extract of henna

leaves as green inhibitor for mild steel in acati@ solution.

2. RESULTSAND DISCUSSION

2.1. Weight loss measur ement

Effect of different concentration (1, 0.5, 0.25 dnhdl g/lit) of henna leaves extract was studied
in 0.5, 1.0, 1.5 and 2.0 M acetic acid solutiomaaim temperature of 3@3 K for exposure
period of 24 h.

The obtained results are presented in Table-1. chmmsion loss has been increased from
486.41 to 891.75 mg/dmin 1.0 to 2.0 M acetic acid solution. It has bedserved that the
corrosion rate increases with increase in the a&oicentration. It can be concluded that

corrosion rate is directly proportional to the acahcentration.
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Table 1. Effect of acid concentration on corrosion loss (@hyl inhibition efficiency (I.E.) of

henna leaves extract on mild steel

Acid concentration

Inhibitor g5 M 1.0M 15M 20M

Concen-  “c[. I.E. CL ILE. CL I.E. CL |.E.
tration mg/dm® % mg/dm® % mg/dm® % mg/dm® %

(g/lit)

Blank 486.41 629.47 767.76 891.75

0.1 119.22 75.49 157.37 75.00 19552 7453 22413 74.86
0.25 95.37  80.39 123.99 80.30 152.60 80.12 181.21 79.68
05 81.07  83.33 109.68 82.26 13352 82.60 157.37 82.35
1.0 66.76  86.27 85.84  86.36 104.92 86.33 123.99 86.09

Effective area of specimen: 0.2097 dmmersion period: 24 h Temp.:303 + 1 K

The I.E. increases as the follow:

Wu-wi
wWu

IE% =

N {1 R —— (1)

Where, w and w are the weight-loss of the metal in uninhibited andibited acid

respectively. The I. E. increases as the inhilmtorcentration increases.
Adsor ption isotherm and ther modynamic measur ements:

In order to study the adsorption of henna leavésaety on mild steel surface, best agreement
was obtained with Langmuir adsorption isotherm. dranir adsorption isotherm is an ideal
isotherm for physical and chemical adsorption [4B,&s well, This isotherm can be
represented as,

Cin 1
= rri T (2)

Where, Kgs is the equilibrium constant of the adsorption pssand (@ is the inhibitor
concentrationThe value of surface coverage(® =W, - W, / W,) were calculated directly

from the percentage I. E. of the compounds by wdmgs method.

The plot of extract concentration C versu® @as shown in Fig.1, straight line with almost

unit slope was obtained indicating that the sydi@iows Langmuir adsorption isotherm [13].
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Fig.1. Langmuir adsorption isotherm for henna leaves ekira0.5 M acetic acid

In order to get basic information about the inteosc between the inhibitor molecule and

mild steel surface the Langmuir adsorption isoth&ralso establish in the range of studied
temperature. The correlation between the extracteatration and surface coverage is given
Fig.2. The linear plot of C versus@8Xbr each temperature has slope value close to nde a
the Kygs Was obtained from the intercept. The standard émergy of activatiolG®,gs IS

related to Kqsaccording to following equation [15].

—AG°,4s
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Fig.2. Langmuir adsorption isotherm plot for the adsonpid henna leaves extract in 1.0 M

acetic acid solution at different temperature
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The negative value dAG°,gssuggest that adsorption of henna leaves extraahitth steel
surface is spontaneous. As the value/AB°,qsranges from -17.99 to -18.12 kJ ol
concluded that the extract is physically adsorbedhe mild steel surface and thus create an
electrostatic interaction [16]. Generally the amuB0 kJ mol of AG°,¢svalue is associated
with electrostatic interaction between charge mdk@nd and the charged metal surface.
(physisorption), while the higher than -40 kJ thafer to charge sharing or transfer from the
inhibitor molecules to the metal surface to fornsomrdinate type of bond (chemisorption)
[17].

The heat of adsorptiohH®,4scan be calculated from the Vant Hoff equation [d8follows:

_H°
In Kyq4s = R;ds + constant = —mmmmmmmmmmem- (4)

Where R is gas constant and T is absolute temperatu

The AH®4sis obtained from the plot of Indésversus 1/T (Fig.3) [19]. As the the experiment
proceed at the standard pressure and the solutiocentration is not very high close to
standard condition, the heat of adsorption canearded as the standard heat of adsorption

AH° gsunder experimental condition.
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Fig.3. Von't Hoff plot of henna leaves extract in 0.5adetic acid

Entropy of adsorption can be calculated from theatign as follow.
AGadS = AHoadS - TASOadS """""""""" (5)

All the thermodynamic parameters wered listed iblg@2.
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Table 2. Thermodynamic parameters for the adsorption of Adéeaves extract on mild steel

surface
Temperature K ads AH° AS® AG°
(°C) kJmol™ k J mole! Jmole? k J mole™
40 18.18 -17.24 2.43 -17.99
50 15.38 2.74 -18.12
60 12.19 2.43 -18.04

The negative value diH°,4ssuggest that the process of adsorption of inhilmtomild steel
surface is exothermic. It can be assume that ttrease in temperature leads to the increase

in desorption of the adsorbed inhibitor molecutarirthe mild steel surface [21].

The value ofAS is positive. Generally adsorption is an exothermiocess and always
accompanied by a decrease of entropy. The reasobecaxplain as; the process adsorption
of inhibitor molecule is accompanied by the dedormpbf water molecule from the mild steel
surface. The adsorption occur as the result of tdubben adsorption process between
inhibitor molecule present in solution and the watelecule previously adsorbed on the
metallic surface[20]. And the thermodynamic valudstained are algebraic sum of the

adsorption of inhibitor molecule and desorptiowater molecule [21,22].

To investigate the influence of temperature ondbreosion and corrosion inhibition process,
the weight-loss measurements were carried outffareint temperature 313, 323 and 333 K,
in the absence and presence of various concemtrafidhe extract in 1.0 M acetic acid

solution for immersion period of 2 h. Result indesthat agzhe temperature increases the
corrosion rate increased and the |.E. decreaselg¥8). The decreasing trend in the I.E.
may be attributed to temperature dependent adsafpdiesorption process influenced in the
way that, equilibrium shift towards desorption gss, resulting in a decreasing in surface
coverage [23]. The value of activation energy) (Eas been calculated with the help of

Arrhenius equation [13].

log&_i(i_l) ______ (6)

p1 2303R\Ty T,

Where,p; andp, are the corrosion rate at temperatuyard T, respectively.
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Table 3. Effect of temperature on the corrosion loss (Chgrgy of activation (E and heat

henna leaves extract as corrosion inhibitor

of adsorption (&9 for the corrosion of mild steel in 1.0 M acetmdcontaining

Temperature Energy of activation Heat of adsorption
Inhibitor Ea
313K 323K 333K ) (Qud
Concen- kJ mol” kJ mol”
Inhibitor )
tration From
. ] 323-333
(g/lit) CL I.E CL I.E CL I.E Arrhenius  313-323
mg/dm?® % mg/dm®> % mg/dm?® % M ean Polt K
Blank 858.37 1430.62 2288.98 42.04 42.47
Henna 0.1 286.12 66.67 629.47 56.00 1087.27 52.50 57.58 57.90 -38.01 -12.61
0.25 228.90 73.33 457.80 68.00 858.35 62.50 57.25 57.25 -21.70 -21.75
0.5 171.67  80.00 343.35 76.00 629.47 7250 56.24 56.29 -19.65 -16.39
1.0 11445 86.67 286.12 80.00 515.02 77.50 64.80 65.25 -40.83 -13.38

Effective area of specimen: 0.2097dm Immersion period: 2 h

It was found that the value ofyEor inhibited system was higher than that of urbited
system. The higher value of, i the inhibited system indicate the inhibitors anere
effective at lower temperature [24]. Thei& inhibited acid was ranging from 57.25 to 64.20
kJ mol*, which indicates that strong inhibition action the extract is by increasing the
energy barrier for the corrosion process, emphagizhe electrostatic character of the
inhibitor (physisorption)[25]. The corrosion raté mild steel in acetic and the temperature

were related by the Arrhenius equation as showovbE26].

o = AgEaRT

Wherep = corrosion rate, A= constant, R= gas constaatbase of the natural logarithm, and

T = Kelvin temperature.

The value of E were also calculated from the slope of the Arrbgniplot of logp versus
1000/T (Fig.- 4), shows good agreement with tHeutated values.
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Fig.4. Arhenius plot for corrosion of mild steel in 1.0&detic acid solution in absence and

presence of henna leaves extract

The values of heat of adsorption,{@were calculated by following equation [14].

Quas = 2.303R [log (-22-) — log ()] x[Z2]|  -oremerremee (8)

1—62 1_91 TZ_TI

Where 8, and6,are the fraction of the metal surface covered byitthibitors at temperature

T,and Trespectively. The negative and lower values gk&upports higher I.E. achieved by
spontaneous adsorption of the inhibitor.

2.2. Polarization measur ement

Various parameters like current density ), corrosion potential (&) as well as cathodic
and anodic Tafel slopgi{and3,) were evaluated from the Tafel polarization cufiey.-6)
and were listed in the Table-5. The corrosion aurdensity (Jor) in case of inhibited system
reduce compare to uninhibited system. The IE% \a=utated from thegdras follow.

IE % = o leorri y 100 e 9)

corr,u

Where, loruis corrosion current of unihnhibited system aggholiis corrosion current of
inhibited system.
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Table 4. Polarization perameters of mild steel in absenceprasence of henna leaves extract in
0.5 M acetic acid solution at 298 K

Inhibition efficiency (1E

Corrosion Tafel Slope (mV/decade) %)
Ecor current calculated from
System : _ ——
(mV) density , _ Weight  Polarization
) Anodic  Cathodic B
leorr (MA/CM?) B B mv) loss method
+ - m
: ¢ M ethod
Blank -0.610 244 5.195 4.659 1.0679
Henna  -0.665 46.57 5.331 4.649 1.0797 86.27 80.91
Sy | [ TR S SN I S T S S S
2.5]
] blank
-3.0
-3.5 inhibited
§— -4.0
Y
3
o -0
ke) ]
-5.5
'ﬁ+“
-6.5
e o e e e o e e e
-0.30 (.4 -0.50 -.60 .71 -5 -0.940

mV

Fig.5. Polarization curves of mild steel in 0.5M acetidddnlank and inhibited solutions

The value of §,r decreases significantly in presence of inhibitbis observation indicates
that henna leaves extract was effectively inhib& torrosion of mild steel in acetic acid
solution. The presence of henna leaves extractndidchange cathodic Tafel slopBc)(
significantly, indicating that inhibitor moleculedot effect the hydrogen evolution reaction.
The increase in anodic Tafel slod&)(with addition of inhibitor, shows that the adsedb
inhibitor modifies the metal dissolution procesg[2The E.r value of inhibited solution

slightly shifted. The change ind& less thant85 mv indicate that the inhibitor is of mixed
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type inhibitor[28]. The change in.&is about 55 mV in presence of inhibitor according t

uninhibited solution, reveals that the henna le@axsact act as mixed type inhibitor.

2.3. A C Impedance method

The typical Nyquist plots of mild steel in the abse and presence of henna leaves exract in
0.5 M acetic acid solution was presented in Fig.From the fig.-7 it was observed that the
diameter of the semicircle increases in the casénlmbited acid solution, indicated an

increase in corrosion resistance of system.

4["] 1 1 1 i 1 1 ] I L
350 1
300 r
i
= 250 -
= ,
=200 inhibited
N 150 ) : :
4 .1. " I
1004 7w, “}
] 5 %
50 -
] f"'\ blank .
4 h‘ L
0 '"'I""‘I""r""I""l""l"‘"l"'I""I'F\"

0 100 z00 300 400 300 o600 T00 500 200 1000

Z' / ohm

Fig.6. Impedance diagrams obtained for mild steel in 0.&détic acid solution in the absence

and presence of henna leaves extract at 1.Gcgfitentrations

The value of charge transfer resistancg) (Rere calculated from the difference in impedance
values at lower and higher frequencies. From tHeevaf charge transfer resistance;R
obtained for inhibited and uninhibited acid solatithe value of I.E. of henna leaves extract
was calculated from the following equation.

IE 0 = Rt Retit 5 100 e (11)

ct,i
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The double layer capacitancey)Gvas calculated from the equation as below.

1T e (12)

C/=———
U727 frax Ret

Where fhaxis the frequency at which the imaginary comporédnihe impedance is maximum.

Table 5. Impedance parameters for corrosion of mild ste@L4nM acetic acid in the
absence and presence of henna leaves juniperstextra

Inhibition efficiency (IE %)

System Rt Cal calculated from
(Q/ cm?) (WF/ cm?)  Impedance Weight loss
measur ement method
Blank 56.22 145
Henna
_ 1399.97 0.6741 95.98 86.27
(1.0g/lit)

As the values stated in Table -6, the extract ofinheleaves increase the value ef Fhe

value of Gidecrease in presence of the inhibitor compare tohited acid solution. This

result may be attributed to the adsorption of thengonent present in the aqueous extract of

henna leaves on metal surface [27].

2.3 Mechanism of inhibition:

The result indicates that henna leaves extracopead as good inhibitor for the corrosion of

mild steel in acetic acid media. It was reporteat thenna leaves contain soluble matter
Lawson (2-hydroxy-1,4 naphthoquinone) resin anditarcoumarins, gallic acid and

Sterols[29]. Lowsone amounts are 1.02% in the le§3@]. The coloring mater is quinine.

O‘ E

O

Fig.7. 2- hydroxynaphthalene-1,4-dione
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Tannins are foud limited inhibition in acidic medizan in the alkaline medium [30]. The
other constituent of the extract is lawsone, whighpresent in relatively higher amount.
Lawson molecule is a ligand , that can chelate wéhous metal cations forming complex
compounds [31]. Therefore, the formation of instdubomplex compounds, by combination
of the metal cations and lawsone molecule adsodrethe metal surface, it is a probable
interpretation of the observed inhibiton actiorlafsone.

@) 0] +2
Fe
(\OH -

(g — QU
OH

Fig.8.
Aromatic compounds containing delocalizedelectron system in their structure are
susceptible to electron delocalization in acidicdiagespecially a ring containing only carbon
(e.g., benzene) [28]. In the case of lawsone mdedbe hydroxyl group contain a pair of
electrons, which is delocalized in acetic acid sotuthat leads to the rearrangement shown in
Fig. 8 [32]. The rearrangement occurs as hydragem migrate with a pair of electrons
from an adjacent carbon to the carbon bearing tis#tipe charge. The carbon that loses the
migrating group obtains the positive charge. Traremgement is intramolecular and starting
compound and reaction product are structural isenféig.- 8). The metal complexes are
stabilized by this rearrangement. The high intabitefficiencies of the inhibltor in acetic acid
for mild steel can be attributed by the formatidntimese stabilized complexes between

lawsone molecules and #eations present in mild steel in acetic acid media

3. EXPERIMENTAL

3.1. Method and materials:

Weight loss method

Rectangular specimens of the size X259 x0.2 cm having an area of 0.2097 sq. dm. of mild
steel with small hole of 5 mm diameter near theeumulge, were used for the determination
of corrosion rate. The specimens were polished bijiny, cleaned with distilled water
several times, then degreased by acetone for In@tes, then dried in warm air by air drier
and are preserve in dessicater till use. For wdag® measurement, one specimen only were

suspended by a glass hook, in each beaker corgdt8ityml of the test solution and was open
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to air at room temperature for 24 h. After the imnsian period, the test specimens were clean
with distilled water, dried and weighted. Triplieagxperiments were performed in each case
and the mean value of weight loss data were predantmg/sq. dm. The concentration of
acetic acid studied were taken as 0.5, 1.0, 1.52addvl without and with inhibitors having
concentration of 1, 0.5, 0.25 and 0.1 g/lit for gkei loss measurement at the room
temperature of 3@3L K.To study the effect of temperature on corro©dbmild steel, similar
experiment was also carried out at various tempezatlike 313 323 and 333 K in 1.0 M
acetic acid, using water circulated thermostatdn va accuracy o£0.5 K, for immersion
period of 2 hours. The digital balance#tf.001 gm accuracy was used. All the chemical used
were of A.R. grade. The corrosive solution was greg in double distilled water. From the
weight-loss data |.E., energy of activation,)(lBeat of adsorptionAHa.q9, free energy of
activationQAGaqg, enthalpy (Qu9 and entropy chang@&$) were calculated.

Electr ochemical measurement

Both the potentiodynamic polarization and electesultal impedance measurements were
carried out using C H instrument (CHI608C). A piatin and Ag/AgCl electrode were used
as auxiliary and reference electrode respectivehe test specimen of area Itim act as
working electrode. All the experiments were carrmat at constant temperature 298 K.
Initially open circuit potential (OCP) was measurasl a function of time, after that the

specimen was polarized in cathodic and anodic tiiinre¢o -200 and +200 mV from the OCP.

Electrochemical impedance spectroscopy (EIS) wasedaout in frequency range 1 to 100
kHz and A. C. amplitude of 5.0 mV. The measuremers varied out after stabilization of
the electrode at OCP for 30 minute at room tempegat

Preparation of henna leaves extract:

An aqueous extract of henna leaves powder hase umsh as a corrosion inhibitor. The
powder of the crushed henna leaves is extracte@ foin boiled water. After filtration, the
water was evaporated from the extract. The soldve left behind was used to prepare

various concentrations as the inhibitor.

4. CONCLUSION
1. The corrosion rate of mild steel increases withitlteease in acetic acid concentration.
2. The henna leaves extract found to be effectivebitdm for mild steel in acetic acid, and

their inhibition efficiency increase with increasdts concentration.
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3. The higher values of activation energy indicatet thl@ctrostatic interaction between
charged inhibitor molecule and the metal surfacis
Polarization measurement indicates that the hezaaes extract is mixed type inhibitor.
The results obtained from weight-loss, potentiodyite polerization and impedance

measurement techniques were in good agreement.
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