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Abstract

The inhibiting effect of Ailanthus altissima agusaextract, as a corrosion inhibitor for
Zn in a 0.5 M HCI solution, has been evaluated ksigit loss (WL), hydrogen
evolution (HE), potentiodynamic polarization (PPglectrochemical impedance
spectroscopy (EIS) and electrochemical frequencydulaion (EFM) techniques.
Obtained results showed that this extract offereoldgprotection against Zn corrosion,
and exhibited high inhibition efficiencies. The Mas found to increase with an
increasing extract dose. Results revealed that ékisact acted as a mixed-type
inhibitor, and adsorbed onto the Zn surface follayiTemkin isotherm. Obtained
results were justified from the study of surfacerphmlogy.

Keywords: ailanthus altissima extract; HCI; Zn, corrosiohibition, WL, HE, PP, EIS,
EFM and surface morphology.

Introduction

A corrosion inhibitor is a chemical that interawatsll with a metal surface, by an
adsorption process, to form a thin film/layer thmbtects the metal surface
reducing the movement/diffusion of ions to thedgtor increasing its electrical
resistance [1-2]. Zn is one of the most importati-ferrous metals, which finds
extensive use in metallic coating. Zn corrodes golation with a pH lower than
6 and higher than 12.5, but, within this range, tberosion is very slow [3].
Under aggressive conditions, Zn metal undergoesosion, gaining white
colored rust [4, 5]. Normally, white rust is obsedvin galvanized materials, and
its occurrence remains a serious commercial probleraontrolling or slowing
down the formation of white rust, the search fownehibitors is essential [6]. A
significant method to protect the metals from csiwa is the addition of species
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to the solution in contact with the surface, in erdo inhibit the corrosion
reaction and reduce the corrosion rate. To this #r@duse of organic compounds
containing nitrogen, oxygen, and/or sulfur, in ajogated system as inhibitors
to reduce corrosion attack, has received detattedtzon [7-11]. Recently, a new
type of corrosion inhibitors is being developedtmply with the environmental
regulations on industrial consumption and develagm#hus, natural products,
pharmaceutical ingredients and environment-friequiyducts have gained much
attention as substances for green corrosion imngithat have high inhibition
efficiencies [12, 13]. Plant extracts and orgaspecies have therefore become
important as an environmentally acceptable, readigilable, and renewable
source for a wide range of inhibitors [14-21]. Thase the rich sources of
ingredients which have very high inhibition effio@es and are hence termed
‘Green Inhibitors’ [22]. Green corrosion inhibitors are biodegradable andato
contain heavy metals nor other toxic compounds.[23]
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Scheme 1Structures isolated from the leaves of Ailanthtissima extract.

The successful use of naturally occurring substmnaanhibit the corrosion of
metals in acidic and alkaline environments has breported by some research
groups [24-30], to mention but a few. Organic sabsés or biodegradable
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organic materials to be used as effective corrosibibitors for a wide number
of metals have been one of the key subjects inresearch group [31]. An
example of green inhibitors is Ailanthus altissimdyich has exhibited various
biological properties, such as anti-proliferatiegtotoxic, anti-plasmodial, anti-
malarial, anti-viral, antibacterial, anti-fungalnda analgesic activities [32].
Previous phytochemical investigations of A. altissirevealed the presence of
alkaloids, terpenoids, steroids, and flavonoids].[38nong these compounds,
quassinoids and indole afiecarboline alkaloids are common major constituents
of A. altissima[34-36]. Alkaloids from A. altissima are reportear ftheir anti-
herpes [37] and anti-mycotic properties [38], and their action on the rate of
intestinal blood flow in rabbits [39]. Indole afecarboline alkaloids have shown
inhibitory activity on cyclic adenosine monophosighg CAMP) phosphor
diesters [40]. Further studies on the basic compisnef the leaves of A.
altissima have been carried out. Altissima wasatgeal into a new canthinone-
type alkaloid (1), and includes 15 known compoui@theme 1).

This research aims to study the effects of adsmrind corrosion inhibition of
A. altissima leaves extract on a Zn metal surface 0.5 M HCI environment.

Experimental

Preparation of specimens

The Zn metal specimens have the following compmsitiL.03% Pb, 0.04% Cd,
0.001% Fe, 0.003% Cu and the remainder being Zmp&s with the size of 2

cm x 2 cm were used for WL and electrochemicalisgidZn metal specimens
were polished with a series of emery papers ofouargrades from 400 to 1200,
degreased with absolute ethanol and dried.

Preparation of Ailanthus altissima extract and of the aggressive solution

An agueous extract of A. altissima was preparedriyding 100 g of its dried
leaves, with distilled water, filtering the suspemimpurities, and making up to
1000 mL. The extract was used as a corrosion itdniim the present study. The
corrosion medium was 0.5 M HCI, prepared from AgRade HCI (37%), with
bidistilled water. Its concentration was checkedngisa NaCQOsz standard
solution.

Measuring methods

WL measurements

The pre-weighed Zn metal specimens were suspend2d®0 mL beaker with a
0.5 M HCI solution for 180 min. Then, the metal cpgens were removed from
the corrosive solution, washed with bidistilled et cleaned, dried and
reweighed. From this, the metal WL was determinedha difference between
the initial weight and the weight after 180 min iension in the acidic solutions.
The experiments were repeated with both acidshenabsence and presence of
different inhibitor doses. Each experiment was atpe thrice, and the average of
the three values was taken as the final value.%ha inhibition efficiency (IE)
and the degree of surface coverag)enfere calculated using equation (1).

311



A.S Fouda et al. / Port. Electrochim. Acta 36 (2018) 309-323

% IE =O x 100 = [(VW - Wi) / Wo] X 100 (1)

where W, and W are the WL per unit area in the absence and presehthe
extract.

Electrochemical measurements

Zn electrodes were cut from Zn sheets with 0.08 timickness. The electrodes
had the dimensions of 10 x 10 mm; they were webihflone side to a copper
wire used for electric connection, and mounted poxy resin, to expose
geometrical surface areas of 1Z%rRrior to these measurements, the exposed
surface was pretreated in the same manner as foexfyferiments.

PP measur ement

The electrochemical experiments were carried out ainthree electrode
electrochemical cylindrical Pyrex glass cell withpkatinum counter electrode
and a saturated calomel electrode (SCE) as referd@ine working electrode had
the form of a square cut from Zn sheet (Pcrithe exposed area was treated as
before. A duration time of 30 min was given for thstem to attain a steady
state, and the open circuit potential (OCP) wagdhoBoth cathodic and anodic
polarization curves were potentiodynamically reearthy changing the electrode
potential between -0.5 V and -2 V, at the scanoatemVs?; the % of inhibition
efficiency (IE) and the degree of surface cover@jevere calculated from the
electrochemical measurements by equation (2):

% IE =O x 100 = [1-(inv/ifree)] X 100 (2)

where in = corrosion current in the extract presence,igdag corrosion current
in the extract absence.

ElSand EFM measurements

Experiments for EIS measurements were conductdtienfrequency range of
100 kHz to 10 mHz at open circuit potential (OCP)e amplitude was 5 mV.
Experiments for EFM measurements were carried eurgutwo frequencies: 2
and 5 Hz. The base frequency was 1 Hz with 32 syct® the waveform
repeated after 1 s. A perturbation signal with almgé of 10 mV was used.

The electrochemical measurements were carried ®uigua potentiostat/
galvanostat/zera analyzer (Gamry PCI 300/4). Tisudes Gamry framework
system based on the ESA400, and a personal compitheDC 105 software for
potentiodynamic polarization, EIS 300 software B8, and EFM 140 software
for EFM measurements. Echem Analyst 5.58 softwaas wsed for plotting,
graphing and fitting data.

Results and discussion

WL method

The WL-time curves of Zn specimens in a 0.5 M H&ulson, with and without
different doses from A. altissima extract, wereedained after 180 min of
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immersion at 25 °C, as shown in Fig. 1. From thet,pWL for systems
containing A. altissima extract was found to be dowompared to the blank,
indicating that different doses of extract actuafifaibited the corrosion of Zn
metal in 0.5 M HCI to an appreciable extent.

Table 1 and Fig. 1 show that the corrosion IE iasesl with higher extract doses
and temperatures, due to the inhibitor adsorptin the Zn surface.

Table 1. WL measurements for Zn metal in a 0.5 M HCI solutiwith and without
different doses of A. altissima extract, at tempeearanges from 250 45°C.

Temp Conc. WL C.R.
0 % IE
°C ppm mg cn? mg cni? min*?
0.5 M HCI 1.720 0.0140
50 0.811 0.0068 0.528 52.8
100 0.733 0.0061 0.574 57.4
200 0.672 0.0056 0.609 60.9
25 300 0.607 0.0050 0.647 64.7
400 0.518 0.0043 0.699 69.9
500 0.389 0.0032 0.774 77.4
0.5 M HCI 1.850 0.0150
50 0.966 0.0080 0.478 47.8
100 0.839 0.0070 0.546 54.6
30 200 0.782 0.0065 0.577 57.7
300 0.710 0.0059 0.616 61.6
400 0.611 0.0051 0.670 67.0
500 0.478 0.004 0.742 74.2
0.5 M HCI 2.100 0.0180 . S
50 1.207 0.0100 0.425 42.5
100 1.028 0.0086 0.510 51.0
35 200 0.955 0.0080 0.546 54.6
300 0.848 0.0071 0.596 59.6
400 0.735 0.0061 0.650 65.0
500 0.594 0.0050 0.717 71.7
0.5 M HCI 2.490 0.0210 . S
50 1.623 0.0135 0.348 34.8
100 1.428 0.0119 0.426 42.6
20 200 1.311 0.0109 0.473 47.3
300 1.162 0.0097 0.533 53.3
400 1.035 0.0086 0.584 58.4
500 0.839 0.007 0.663 66.3
0.5 M HCI 4.310 0.0359
50 3.116 0.026 0.277 27.7
100 2.848 0.0237 0.339 33.9
45 200 2.672 0.0223 0.380 38.0
300 2.500 0.0208 0.420 42.0
400 2.258 0.0188 0.476 47.6
500 1.941 0.0162 0.550 55.0

Adsorption isotherms and thermodynamics parameters
The interaction mechanism between the extract aedntetal surface can be
explained using adsorption isotherrisvas computed for the different doses of
the extract from WL measurements, as follows: %=IB x 100, assuming a
direct relationship betweet and IE. The obtaineé values were applied to
various adsorption isotherm models. By far, thet b#swas found to obey
Temkin adsorption isotherm (Fig. 2), which may benfulated as in equation
(3):

a0 = In KagsC 3)
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where a is a molecular interaction parameter ddpgndipon molecular
interactions in the adsorption layer and the degfesurface heterogeneity, a4
is the binding constant of adsorption reaction, @nd the extract dose.
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Figure 1. WL-time curves for the corrosion of Zn metal iro 01 HCI, in the absence
and presence of different doses of A. altissimaaekiat 25°C.
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Figure 2. Temkin isotherm plot for the extract adsorptioncodn metal in 0.5 M HCI
at 25 °C.
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Figure 3. Log keorr VS. 1000/T for the dissolution of Zn metal in Wb HCI in the
absence and presence of different doses of Asimitésextract.
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The relation between log C afdt 25 °C in 0.5 M of HCI with various doses of
A. altissima extract is shown in Fig. 3. This figuevealed that a straight line
was obtained with the slope close to unity, indigatthat the inhibitor obeys
Temkin adsorption isotherm.

The relation between the binding constanigskand the standard free energy
adsorption chang&G°ags can be obtained from equation (4):

log Kuds= - l0g 55.5 AG°ad 2.303 RT 4)

where R is the universal gas constant, T is thelates temperature, and the
value 55.5 is the concentration of water in theutoh. Fig. 3 also shows a
straight line curve for the Temkin adsorption igsth plot at 25°C, with a
correlation coefficient of 0.891 being about unithe values of obtainefiGCgs
are recorded in Table 2, which suggested mixed rptden (physical and
chemical adsorption) of A. altissima extract orite Zn surface in HCl acid. The
negative sign indicates that the adsorption ofldssaama extract molecules onto
the Zn surface is stable and a spontaneous prptHss

Table 2 Binding constant (ki and standard free energy of adsorptid@, ads, for the
plant extract in 0.5 M HCI at 25 °C.

Extract | T / K| Kag/M? -AG’ads / kJ mol?
29¢ 4323.8: 30.7
30¢c 2030.7¢ 29.c
30¢€ 776.4* 27.%
31¢: 294 .1« 25.¢
31€ 237.7: 25.1

Effect of temperature

The effect of temperature (25-45 °C) on the cooosof Zn metal in 0.5 M
HCI, in the presence of different plant extract@kswas studied using mass-
loss measurementas the temperature is higher, trege of corrosion increases
and, hence, the additives inhibition efficiency meses. This is because
desorption is aided by an increased temperatures. @d¢havior proves that the
action of the inhibitors on the Zn surface occarstigh physical adsorption. The
apparent activation energies{Efor the corrosion process in the absence and
presence of the plant extract were evaluated frorhehius equation.

korr = A€ Era/RT (5)

where kor is the corrosion rate (mg cmin?), A is the constant frequency
factor, Ea is the apparent activation energy, R is the gastant (8.314 J mdl
K1) and T is the absolute temperature. Plotting efltdgarithm of Zn corrosion
rate in HCI acid, in the absence and presence efirthestigated extract, was
made. Fig. 3 represents a plot of log k (corrosiate) against 1/T (absolute
temperature) for Zn in a 0.5 M HCI solution, in tabsence and presence of
different plant extract doses.

Straight lines were obtained with the slope of/ZE303R.AH" is the activation
enthalpy andAS’ is the activation entropy that can be calculatethg: a
transition state-type equation:
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k = RT/Nh exp AS*/R) exp (AH*/RT) (6)

where k is the rate of metal dissolution and N wg@adro’s number. A plot of
log k/T versus 1/T for the Zn electrode in a 0.342I solution, with and without
different plant extract doses, gives a straight kvith a slope of [AH"/R] and
an intercept of [log(R/Nh) +AS" 2.303R)], represented in Fig. 4.
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Figure 4. Log keord T vs. 1000/T for the dissolution of Zn metal irbM HCI, in the
absence and presence of different doses of Asilfigsextract.

The values of activation parameters are listedabld 3.

Table 3. Activation parameters for the dissolution of Zntabein the absence and
presence of different doses of A. altissima extia€.5 M HCI.

Activation parameters
Conc. Ea AH -AS
ppm kimol? | kImol! | Jmol*K?1
1 M HCI 33.4 13.¢ 177.¢
5C 50.2 20.7 127.2
10C 50.¢ 21.C 126.¢
20C 51.2 21.2 125.7
30C 52.1 21.t 124.:
40C 54.2 22.F 117.¢
50C 59.2 24.€ 104.(

HE measurements

The dissolution reaction of Zn in 0.5 M HCI, withcawithout different extract

doses, was studied using HE method. The relatipnisetween the volume of
hydrogen evolved during the corrosion reaction tameé is represented in Fig. 5.
There is a linear relation between hydrogen volame time. The rate of HE is
small at the beginning of the reaction, and themeases with time. The rate of
reaction is small in the initial time interval, whiis called the incubation period.
During this period, the breakdown of the pre-immadrexide film on the metal

surface takes place before the start of the attadke metal.
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Figure 5. Variation of K with time on Zn metal in a 0.5 M HCI solution,time absence
and presence of different doses of A. altissimaaektat 25 °C.

Since Zn is readily soluble in aqueous acidic soh# with the liberation of
hydrogen, the rate of the latter corresponds teéarnosion rate. So, the slopes of
the straight portions of the curves, after the bation period, were taken as a
measure of the corrosion rates of Zn in free arubited acid solutions. The
curve of Fig. 5 reveals that the addition of Aisgliima extract reduces the rate of
hydrogen evolution as the inhibitor concentratisnnicreased. The IE values of
different doses of A. altissima are given in Table

Table 4. IE revealed from HE measurements for Zn metd).;h M HCI solutions,
without and with various doses of A. altissima agtrat 25 °C.

Conc.(ppm)[ 50 | 100 | 200[ 300] 40d  50(
% IE 487 | 56.4| 641 66.4 69.2 769

Open circuit potential (OCP)

The variation of open circuit potential (OCP) of #ith time in a 0.5 M HCI
solution, in the absence and presence of diffedeses of A. altissima extract at
25 °C was followed until attainment of quasi steadyestgFig. 6). The figure
displays a common trend in OCP. The OCP values$ insreased into the
positive direction of potential, followed by senalsilization characterized by a
small change in potential. This trend indicatkat tthe corrosion reaction
quickly starts off as the sample is immersed in electrolyte (the mirror-like
sample surface appeared blurred, once the samgl@liyped into the solution),
slows down with time, and then reaches a quasdgtassate within the time
interval investigated; the shift to less negatiaéues implies increased corrosion.
The OCP plateau increased to more positive valuds migher A. altissima
extract concentration in the electrolyte. Thisnsgicative of the adsorption of
extract components onto the Zn surface, which im tinfluenced anodic
corrosion reaction. As reported before [42], itfessible to classify corrosion
inhibitors as anodic or cathodic, if OCP in theilior presence shifts at least
+85 mV or -85 mV, respectively, relatively to OCP the inhibitor absence.
However, the negative and the positive shift to O&khe highest studied dose
(30 ppm) of the extract in HCl is about 24 mV reMaly to its blank solution.
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This value is lower than 85 mV, indicating that thdract functions as a mixed-
type corrosion inhibitor, that is, both dissolutioh Zn at the anode and the
hydrogen evolution at the cathode were affectethbyextract inhibitor.
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Figure 6. Potential-time curves for Zn in HCI in the abseace presence of various
doses of the extract at 26.

Potentiodynamic polarization measurements
PP curves for Zn metal in uninhibited and inhibiteddic solutions containing

different doses of A. altissima are shown in Fig.
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Figure 7. PP curves for corrosion of Zn in 0.5 M HCI, in thlesence and presence of
different doses of A. altissima extract at 25 °C.

The values of IE increase with increasing extraxges, indicating that a higher
surface coverage was obtained in a solution witremtmanced extract dose, as
shown in Table 5.

Table 5. PP data of Zn metal in 0.5 M HCI and in the pneseof different doses of
A. altissima extract at 2%C.

Conc. -Ecorr Pa -Bc icorr % IE
ppm | mVvs. SCE | mVdec! | mV dec?! mA cm?

0 1022.0 153 274 468 -—-
50 986.5 137 270 217 53.6
100 961.1 129 247 201 57.0
200 948.7 124 241 190 59.4
300 945.8 119 238 173 63.0
400 925.2 133 236 138 70.5
500 971.5 131 224 108 76.9
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ElS measurements

The corrosion of Zn electrode in 0.5 M HCI, in thiessence and presence of A.
altissima extract, was investigated by EIS methb@=:°C. Fig. 8 shows the
Nyquist plots for Zn electrode in a 0.5 M HCI sabut, in the absence and
presence of different doses of extract at 25 °@e impedance spectra of the
Nyquist plots were analyzed by fitting the expenmrta® data to a simple
equivalent circuit model (Fig. 9), which includé tsolution resistance sRand
the double layer capacitancegq,Owhich is placed in parallel to the charge
transfer.

400 5

3501 —=— Blank

—e— 50 ppm
300 H —4&— 100 ppm|
—w— 200 ppm|

—4— 300 ppm)|
—»— 400 ppm|
—9— 500 ppm|

250 4

200 +

150

Z|mag’ ohmcem

100 $%

50

T T T T T T T 1
(o) 50 100 150 200 250 300 350 400

-2
Z a6l Ohm cm

Figure 8. Nyquist plots of Zn electrode in 0.5 M HCI, in tabsence and presence of
different doses of A. altissima extract at 25 °C.

Figure 9. The equivalent circuit model used to fit the expemtal results.

The impedance diagram shows the same trend (on&cidap loop), in the
absence and presence of different extract dosegevey, the diameter of this
capacitive loop increases with increasing concéotra. The main parameters
deduced from the analysis of the Nyquist diagram #re charge transfer
resistance, R (diameter of the high frequency loop) and theacaty of double
layer, G, which is defined as:

Cal = 1/2nfmaRct (7)

The inhibition efficiencies obtained from the impade measurements are
defined by the following relations:

% IE = [1- (et /Re)] (8)
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where R and R: are the charge transfer resistance in the exéfas¢nce and
presence, respectively. The parameters given frég dtagram are given in
Table 6.

Table 6. EIS data of Zn in 0.5 M HCI and in the presencediffierent doses of A.
altissima extract at 25 °C.

Conc. Rot Ca x104 o IEeis
ppm | Qcm? | Fcm? %
0.0 79.79 3.030 ---
50 179.64 2.708 0.556 55.6
100 197.95 2.433 0.597 59.7
200 213.78 2.290 0.627 62.7
300 246.42 2.00 0.688 68.8
400 292.14 1.953 0.727 72.7

500 376.98 1.864 0.788 78.8

From Table 6, we conclude that the values @firiRrease with an increase in the
extract dose, indicating the formation of a pratecfilm on the metal-solution
interface. The impedance diagram obtained hasracsele appearance. This
indicates that the corrosion of Zn in 0.5 M HClmsinly controlled by a charge
transfer process. The value ofq Cdecreases with increasing extract
concentrations, due to the decrease in local drgteconstant, and/or to the
increase in the thickness of the electrical doldjer.

EFM method

Results of EFM experiments are a spectrum of ctinesponse as a function of
frequency. The spectrum is called the "inter moatiluta spectrum”, and an
example is shown in Fig. 10. It indicated the cgpanding current response in
the inter modulation spectrum. The calculated =om kinetic parameters, at
different doses of A. altissima extract in 0.5 M IHE 25 °C (forr, Pa, Be, CF-2,
CF-3 and % IE), are given in Table 7. From the dalthe corrosion current
densities decreased by increasing concentratiods aftissima extract, and the
inhibition efficiency increased by increasing egtreoncentrations. The causality
factor was calculated from the frequency spectréith@ current response. If the
causality factors are approximately equal to thezljoted values of 2 and 3, there
Is a causal relationship between the perturbatigimas and the response signal.
Then, the data are assumed to be reliable. WheB &#d CF-3 are in the range
of 0-2 and 0-3, respectively, then the EFM data \aakd. The deviation of
causality factors from their ideal values might thee to the fact that the
perturbation amplitude is too small, or that theofation of the frequency
spectrum is not high enough; also, another posslganation is that the
inhibitor is not performing very well.

I nhibition mechanism

The initial mechanism in any corrosion inhibitioeaction is the inhibitor
adsorption onto the metal surface. This adsorptitay be occurred by the
transfer of electrons to the metal surface (cherptgm), or by the charge
transfer from the charged inhibitor to the chargesetal surface (physisorption).
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Several researches carried out on the adsorptiancofrosion inhibitor onto the
surface of a metal have shown that the presenbetefo atoms (N, S, O or P) in
an aromatic system or long carbon chain, as veefl-@lectrons, will facilitate
the adsorption of the inhibitor onto the metal ao€. The inhibitive action of
naturally occurring A. altissima extract towards ttorrosion of zinc metal could
be attributed to the adsorption of its componem® dhe metal surface. The
adsorbed layer acts as a barrier between the swefalce and the acidic solution,
leading to a decrease in the corrosion rate. Frmrirtspection of the chemical
composition of A. altissima extract, it appearst tigs extract is available from
many natural organic components, as above mentiohieese components are
chemical organic compounds, with hetero atoms artonyl groups that are
rich in electrons, serving as a good adsorptiaaito the metal. The adsorption
of these compounds led to a decrease in the redotitveen zinc metal and acid
media (HCI), and, then, to a decrease in the camaste.
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Figure 10. Intermediation spectra for Zn metal in 0.5 M H&d in the presence of 400
ppm of A. altissima extract at 2&.

Table 7. Electrochemical kinetic parameters obtained by BBMZn in a 0.5 M HCI
solution, in the absence and presence of diffateses of A. altissima extract at Z5.

Conc. icorr. Pa Bc _ _ CR o
Comp. ppm | HAcm? | mV dec! | mV dec? CF-2| CF3 mmy! 9 % 1B

0.5 M HCI 442.1 219.2 452.6 2.001 3.461 487.7 --- ---
© 50 194.5 121.37 223.24 1.359 3.126 214.6 0.560 56.0
£ 100 190.1 93.46 217.61 2.001 2.964 209.7 0.570 57.0
3 200 180.4 90.72 200.66 1.593 2.565 264.4 0.592 59.2
= 300 166.7 82.38 189.68 2.021 2.7%6 200.0 0.623 60.3
< 400 151.6 73.12 174.27 1.924 2.948 167.3 0.657 6b.7

500 101.7 64.57 164.10 2.170 2.870 112.2 0.770 7)7.0

Conclusions

The investigated A. altissima extract was foundatd as a good corrosion
inhibitor for Zn in a 0.5 M HCI solution. The cheral and electrochemical
measurements confirm the inhibitive nature of Aisalma extract. IE increases
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with increasing extract doses, and decreases vgitngrtemperatures, reaching
its maximum value, 77.5 %, at 500 ppm. The adsompdif the extract molecules
onto the metal surface obeyed Temkin adsorptiothésm. The extract behaves
as a mixed type inhibitor.
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