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ABSTRACT

The influence of four quinoxaline derivatives (QNajnely, (E)-1-benzyl-3-(4-methoxystyryl)quinox&ittH)-one
(QN1), (E)-3-(2-(furan-2-yl)vinyl)quinoxalin-2(1H)pe (QN2), (E)-3-(4-methoxystyryl)quinoxalin-2(1tt)e
(QN3), and (E)-3-styrylquinoxalin-2(1H)-one (QN4) the mild steel corrosion in 1 M HCI was studigdvieight
loss and electrochemical methods. Results shovetdXN1 shows maximum inhibition efficiency of 93%>%10°

M concentration. Polarization study revealed tha QNs act as mixed type inhibitors. EIS measuresrsfrowed
that the studied compounds inhibit mild steel ceiwa by adsorbing on the steel surface. Resultsvetichat
inhibition efficiency increases with concentratiand decreases with the rises of the temperatura 863 to 333K.
Adsorption of QNs on the mild steel surface obélged_.angmuir adsorption isotherm.

Keywords: Mild steel, Corrosion, HCI, Quinoxaline derivatiyédS, Polarization, Thermodynamic study.

INTRODUCTION

Despite the liability of mild steel for corrosioagcid solution is frequently used during severalustdes and
industrial processes including chemical processipgiroleum production, acid pickling, acid cleaninge
production, oil well acidification and acid desoglfl—6] due to its high corrosion resistance arekpensive
properties[7—14]. The use of organic inhibitorsvasanuch attention due to their high efficiency,eea synthesis,
and cost-effective nature in order to protect thetaifrom corrosion in aggressive acid solution[l9}- Generally,
organic inhibitors inhibit metallic corrosion by sathing on the surface and thereby forming a ptivedarrier
between metal and electrolyte (1 M HCI)[20-23]. Téasorption of these inhibitors on metallic surfare
influenced by several factors such as moleculag s inhibitor, nature of substituents, nature oétah and
electrolyte[24—-28]. Organic compounds containintere@atoms including nitrogen, sulfur, and/or oxygéth polar
functional groups and conjugated double bonds baea reported as effective corrosion inhibitor[Z8-3

Quinoxaline derivatives are important class of aigacompounds with nitrogen heteroatoms and ar@matgs.
Majority of these compounds are non-toxic, bioddglde, and possess wide biological activities. Thaye been
widely used as dyes, pharmaceutics and photochkemiaterials. Their industrial importance in relatito their
ability to inhibit metal corrosion has also beepaded[33—36].
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In view of this, four synthesized quinoxaline nayngt)-1-benzyl-3-(4-methoxystyryl)quinoxalin-2(1ldpe QN1),
(E)-3-(2-(furan-2-yl)vinyl)quinoxalin-2(1H)-oneQN2), (E)-3-(4-methoxystyryl)quinoxalin-2(1H)-on®QN3), and
(E)-3-styrylquinoxalin-2(1H)-one(N4) were synthesized to study mild steel corrosidnbition in 1 M HCI using
weight loss, electrochemical impedance spectroso@i$) and potentiodynamic polarization. The effexdt
temperature on the inhibited acid—metal reactiomighly complex because many changes occur on thialm
surface, such as rapid etching and desorptionefrthibitor and the inhibitor itself, in some casamy undergo
decomposition and/or rearrangement[37]. In thiec#dssery important to calculate some thermodymafunctions
for additional insights about the inhibition andfbe adsorption processes which can help us tordigte the type
of adsorption of the studied inhibitors.

MATERIALS AND METHODS

Materials

The steel used in this study is a mild steel (Earon C35E carbon steel and US specification: SAB5)@vith a
chemical composition (in wt%) of 0.370 % C, 0.2308%0.680 % Mn, 0.016 % S, 0.077 % Cr, 0.011 %0T059
% Ni, 0.009 % Co, 0.160 % Cu and the remainder (Fg). The mild steel samples were pre-treated poidhe
experiments by grinding with emery paper SiC (1800 and 1200); rinsed with distilled water, degeea
acetone in an ultrasonic bath immersion for 5 miashed again with bidistilled water and then dr&édoom
temperature before use.

Solutions
The aggressive solutions of 1.0 M HCI was prepdngdilution of analytical grade 37% HCI with digd water.
The concentration range of quinoxaline derivativesd wad x10*M to 5x10° M.

Corrosion tests

Weight loss

Gravimetric measurements were carried out at deftimhe interval of 6 h at room temperature usingaaalytical
balance (precision + 0.1 mg). The mild steel spedsnused have a rectangular form (length = 2 ciathvd 2 cm,
thickness = 0.08 cm). Gravimetric experiments weaneied out in a double glass cell equipped witheamostated
cooling condenser containing 80 mL of test solutiéfter immersion period, the steel specimens wethdrawn,
carefully rinsed with bidistilled water, ultrasordzaning in acetone, dried at room temperaturettaed weighed.

Electrochemical impedance spectroscopy

The electrochemical measurements were carried $iag \/olta lab (Tacussel- Radiometer PGZ 100) paistate
and controlled by Tacussel corrosion analysis sowmodel (Volta master 4) at under static condlitibhe
corrosion cell used had three electrodes. The enfer electrode was a saturated calomel electroG&)(SA
platinum electrode was used as auxiliary electrfdgurface area of 1 dmThe working electrode was mild steel.
All potentials given in this study were referredtlhis reference electrode. The working electrods imamersed in
test solution for 30 minutes to a establish stestdje open circuit potentiaE4.). After measuring thd,, the
electrochemical measurements were performed. Atittedchemical tests have been performed at 303h€. HIS
experiments were conducted in the frequency rarige high limit of 100 kHz and different low limit@mHz at
open circuit potential, with 10 points per decaalethe rest potential, after 30 min of acid immemsiby applying
10 mV ac voltage peak-to-peak. Nyquist plots weeglenfrom these experiments.

Potentiodynamic polarization

The electrochemical behaviour of mild steel saniplanhibited and uninhibited solution was studigdrbcording
anodic and cathodic potentiodynamic polarizatiorves. Measurements were performed in the 1.0 M $d(ltion
containing different concentrations of the testeihitors by changing the electrode potential awttically from -
800 to -200 mV versus corrosion potential at a sede of 2 mV.8. The linear Tafel segments of anodic and
cathodic curves were extrapolated to corrosionmii@eto obtain corrosion current densities, ).

Inhibitors

The present investigation was undertaken to exathi@eorrosion inhibition capacity of quinoxalineriyatives in
1.0 M HCI solution on mild steel and their stalyilgt the temperature range of 303 to 333 K usirtgrgmdynamic
polarisation curves (PDP), weight loss and eletizotical impedance spectroscopy (EIS) methods. @herption
isotherm of inhibitor on steel surface was detesdinKinetic parameters are calculated and discussektail.
Figure 1 shows the molecular structure of the gqrafine derivatives utilised in this investigation.
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Figure 1: Chemicals structures of quinoxaline deriatives
RESULTS AND DISCUSSION

Effect of concentration inhibitor

Weight loss

Variation of the inhibition efficiency;96), corrosion rate (§ and surface coveragé)(obtained from weight loss
measurements at different concentrations of théieduQNs at 303 K are given in Table 1. The comosiate, G
(mglcntxh), surface coverag@)(and inhibition efficiencyy, (%) of each concentration were calculated using the
following equations[1]:

Am
= St 1)
,7W = (Vvuninh ~ thJ xloo (2)
uninh

WhereAm s the average weight loss (m§)is the surface area of specimens?icrmandt is the immersion time (h),
Wuninnand W, are corrosion rates in the absence and preserichkibitor, respectively.

Table 1. Effect of QNs concentrations on corrosiodata of mild steel in 1.0 M HCI

Inhibitor ~ Concentration w Ey
(mol/L) (mglen? x h) (%)

HClI 1 1.135 -
5x1073 0.079 93

QN1 1x1073 0.147 87
5x107* 0.215 81

1x107* 0.283 75

5x1073 0.113 90

QN2 1x1073 0.158 86
5x107* 0.238 79

1x107* 0.329 71

5x1073 0.136 88

QN3 1x1073 0.215 81
5x107* 0.295 74

1x107* 0.340 70

5x1073 0.147 87

QN4 1x1073 0.249 78
5x107* 0.329 71

1x107* 0.374 67
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Results showed that thg2 increases with increasing concentration and maxinnhibition efficiency was
obtained at 5x18M concentration. The observed order;®§ for all studied compounds is:

QN1 (93%) > QN2 (90%) > QN3 (88%) > QN4 (87%)

Electrochemical impedance spectroscopy

The Nyquist plots in the absence and presenceffefeint studied concentrations of the QNs are shiomFigure 2.

Nyquist plots give one semicircle in the absence jaresence of different concentrations of QNs ssiijyg that

inhibition of metallic corrosion taking place inettpresent study is due to retardation of electtuarge transfer
process[10]. Deviation from the perfect semicirslggenerally attributed to the frequency dispersasrwell as to
the inhomogeneities of the surface and mass tranepgistant[16]. Examination of the Figure 2 shdht in the

presence of QNs the diameter of the Nyquist platseiases with increasing concentration. The ineckasameter
of the Nyquist plots in the presence of QNs suggktiat values of charged transfer resistaRge ificrease due to
formation of protective film[11,14]. The electrocheal parameters, including,RQ andn, obtained from fitting

the recorded EIS data using the electrical cirofiiFigure 3 are listed in Table 2. The impedanceahef CPE

isexpressed as follows[17].

1
ZCPE P ®3)

Q(jw)’

WhereQ is the CPE constan,is the phase shift which can be explained as asedegf surface inhomogeneity, j is

the imaginary unit and is the angular frequency. Depending on the vabfes, CPE can represent resistance
(n=0), capacitancengl), inductance = -1) and Warburg impedance=0.5). The values of the interfacial

capacitance gcan be calculated from CPE parameter val@d@sid n using the expression[30]:

Cy =(QxR")" @)

The R values were used to calculate the inhibition &fficy, ngs(%), (listed in Table 2), using the following
equation:

qus%:% x10C (5

Where Rtand Rt are the charge transfer resistance in absencengordsence of inhibitor, respectively.
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Figure 2: Nyquist diagrams of mild steel with diffeent concentrations of QNs at 303K
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Figure 3: Equivalent electrical circuit model

Inspection of the Table 2 reveals that valueRpincrease with increasing QNs concentration sugugegihat extent
of surface coverage am@b increases with inhibitor concentration. The iased values dR; and decreased values
of Cy in the presence of QNs are attributed either dugetrease in local dielectric constant or an eeein the
thickness of electrical double layer or due to civrad effect of both which is resulted due to adsorpof QNs at
metal/electrolyte interfaces[5,7,11].

Table 2. Electrochemical impedance parameters forocrosion of mild steel in acid medium at various cotents of QNs at 303 K

Inhibitor ~ Concentration R, Qx107* Ca Egis S}
(M) @xcm?*) n "2 'em™%) (uF/cm?) (%)
Blank 1.0 29.35 0.89 1.7610 91.86 - -
5x 1073 41928  0.87 0.2596 13.21 93 0.93
ON1 1x1073 209.64  0.86 0.3993 18.33 86 0.86
5x107* 139.76  0.85 0.7129 31.61 79  0.79
1x107* 108.7 0.84 1.0676 45.68 73 0.73
5x 1073 2935 0.81 0.4378 1576 90 0.90
QN2 1x 1073 183.43 0.82 0.5498 20.04 84 0.4
5x107* 127.6 0.8 0.9978 3351 77 037
1x107* 97.83 0.83 1.1878 47.69 70  0.70
5x 1073 225.76 0.8 0.6588 2301 87 0.87
QN3 1x 1073 146.75 0.81 0.7578 26.37 80 0.0
5x107* 117.4 0.79 1.1378 36.12 75 0.5
1x10™* 81.53 0.82 1.3478 50.07 64 0.64
5x 1073 195.67 0.84 0.6602 28.83 85 0.5
QN4 1x1073 133.41 0.83 0.8178 32.41 78 0.78
5x107* 101.21 0.8 1.2108 40.28 71 0.1
1x10~* 73.37 0.84 1.3618 56.63 60  0.60

Polarization curves

Potentiodynamic polarization studies were carrietiin absence and presence of different conceotrsitof the
investigated inhibitors in order to understand fitecess of anodic oxidative metallic dissolutiord arathodic
reductive hydrogen evolution. The potentiodynamitagzation curves for mild steel in absence andsence
inhibitors are shown in Figure 4. The values ofeptibdynamic polarization parameters such as cmgsotential
(Ecor), coOrrosion current density ), cathodic Tafel slop&s) were obtained from the polarization curves thioug
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extrapolation method and are included in Table I if,, values were used to calculate the inhibition @fficy,
epp(%0), (listed in Table 3), using the following egioa{16]:

] B
”PDP% = OO”I—CO"(') x10C (6)

corr

Where, |Corr and |Om(i) are the corrosion current density in absence asskpce of inhibitor, respectively.
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Figure 4. Potentiodynamic polarization curves of nid steel in 1.0 M HCI in the presence of differentoncentrations of QNs at 303 K

It can be seen from the results (Table 3 and Fig)rthat presence of QNs significantly reduced vhkies of
corrosion current densities for both anodic anchadit half reactions. This finding indicates thahibitors
undertaken in the present study successfully itddbboth anodic oxidative dissolution of mild steed cathodic
reductive evolution of hydrogen[38]. The decreasallies ofi.,, in presence of inhibitors are attributed due to
blocking of the active centers present on the rietlirface[39]. It is obvious from the Figure 4tlany significant
change inE.., values observed in presence of inhibitors, indtigathat investigated inhibitors act as mixed type

inhibitors[40].
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Table 3. Electrochemical parameters of mild steeltavarious concentrations of QNs in 1.0 M HCI and caesponding inhibition efficiency

Inhibitor ~ Concentration —E orr —B. icorr Eppp (%) o
(M) (MV/SCE) (mVdec!) (nAcm?

HCI 1.0 496 150.19 564 - -
5x1073 487 159 4512 92 0.92
ON1 1x1073 486 160 73.32 87 0.87
5x107* 479 154 107.16 81 0.81
1x10°* 465 195 124.08 78 0.78
5x1073 463 193 50.76 91 0.91
QN2 1x1073 470 201 90.24 84 084
5x107* 462 197 112.8 80  0.80
1x10™* 465 196 129.72 77 077
5x1073 488 152 62.04 89 0.89
QN3 1x1073 483 150 95.88 83 083
5x107* 485 158 135.36 76 0.76
1x107* 487 151 152.28 73 073
5x1073 508 156 78.96 86 0.86
QN4 1x1073 486 166 112.8 80  0.80
5x107* 490 167 146.64 74 0.74
1x10°* 476 176 174.84 69  0.69

Effect of temperature and activation parameters

The variation of inhibition efficiency from PDP nmaements in the absence and presence of optimum
concentrations of the QNs at several studied teatpeys is shown in Figure 5 (For QN1) and Tabl&dsults
showed that inhibition efficiency for all studied\N® decreases on increasing solution temperaturehwdan be
attributed to the quick desorption of adsorbedhitbr molecules from the surface in addition to tleeomposition

of these molecules at elevated temperatures[41].
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Figure 5. Potentiodynamic polarization curves of niil steel in 1 M HCl in the presence 5x10°M of QN1 at different temperatures

The significance of the temperature on mild stéstalution in 1 M HCI in the absence and preseridc@Ns can be
best represented by Arrhenius equation[41]:

i :kexp(— E, j (7
corr RT

WhereE, is the apparent activation corrosion enef@yis the universal gas constant anis the Arrhenius pre-
exponential constant.
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Arrhenius plots for the corrosion density of carlsteel in the case of QNs are given in Figure Bu&&of apparent
activation energy of corrosioitf) for mild steel in 1 M HCI with the absence andgance of QNs were determined
from the slope oftn(l..) versus 1/T plots and shown in Table 5. It iscerble that the values Bf are higher for
inhibited acid solution than that for uninhibitedigion. This implies that, in the presence of @Ns the rate of
mild steel dissolution is decreased due to the rptism of QNs on mild steel and more energy bariger
achieved[5,17,41,42].

LN (1 copy) (MA/CT?)

3.5 —

—
300 305 310 315 320 325  3.30
1000/T (K"

Figure 6. Arrhenius plots of carbon steel in 1 M HCwith and without 5x10°M of QNs

Table 4. Various corrosion parameters for mild stekin 1 M HCI in absence and presence of optimum caentration of QNs at different

temperatures
Temperature  Inhibiteur Ecor Teorr E, 0
(K) (MVISCE) _ (uAlcm?®) (%)
HCI 564 - -
QN1 487 45.12 92 0.92
303 QN2 463 50.76 91 0091
QN3 488 62.04 89 0.89
QN4 508 78.96 86 0.86
HCI 773 - -
QN1 489 123.68 84 0.84
313 QN2 472 139.14 82 0.82
QN3 495 170.06 78 0.78
QN4 492 193.25 75 0.75
HCI 1244 - -
QN1 476 311.0 75 075
323 QN2 480 323.0 74 074
QN3 493 373.2 70 0.70
QN4 494 4354 65 0.65
HCI 1650 - -
QN1 494 561.0 66  0.66
333 QN2 480 610.0 63 0.63
QN3 497 742.5 55 0.55
QN4 487 891.0 46 046

Activation parameters like enthalpyH,) and entropy AS,) for the dissolution of carbon steel in 1 M HClthe
absence and presence5ofl0°M QNs were calculated from the transition state equation

_RT 88, _AH,

®)
Nh R RT
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Whereh is Planck’s constanty is the Avogadro numbeR is the universal gas constant, is the enthalpy of
activation and\S, is the entropy of activation.

Figure 7 shows that the Arrhenius plots &f(i,/T) versus 1/T gave straight lines with slope
(-AH/R) and intercept (Lh R/Nh AS/R) from whereAH, and AS, values were calculated. The activation
parameters are given in Table 5.

Table 5. The values of activation parameters for ahon steel in 1 M HCl in the absence and presencé 5x10°M of QNs

Inhibitors R A R Ea . AHai1 AS@1 . Ea-AHa
(mAlcm?) (kI mol™) (kI mol™) (kJ mol™“K™)

Blank 0.995 1.224 x 108 31.01 28.36 -98.85 2.65

QN1 0.997  7.891x 103 70.88 68.22 12.32 2.66

QN2 0.998  5.814x 103 69.79 67.15 9.83 2.64

QN3 0.998 5.574x 103 69.19 66.55 9.48 2.64

QN4 0.999 4.011x 103 67.85 65.21 6.74 2.64
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Figure 7. Arrhenius plots of mild steel in 1 M HClwith and without 5x10°M of QNs

The positive sign of the endothermic enthalpy mflehe nature of the dissolution of the steel. Mg&e that the
variation of the activation energy, Bnd the enthalpy oAH, vary in the same way with the concentration of
inhibitor, which satisfies the relationship betwdgnand thermodynamics afH,. E, — AH, = RT. The entropy of
activation,A Sa, in the absence of the inhibitor is negatinglying that the rate-determining step for theattd
complex is the association rather than the distooiatep, while in the presence of the inhibitbrSa is positive,
which implies that the adsorption process is ac@niga by an increase in entropy, which is the dgviorce for
the adsorption of inhibitor onto the carbon sterface[43].

Adsorption isotherm and standard adsorption free errgy
Generally, organic compounds inhibit corrosion dgabing on the metallic surfaces. The adsorptiointgbitors

on the metal surfaces may be chemisorption, phystiso or physiochemisorption. A typical adsorptiprocess
involves the replacement of the adsorbed water entdg(HO,49 by inhibitor molecules present in agueous sofutio
(Org,y) at metal/electrolyte interface as representedwrdll]:

Orgag + XHyOa4s > Orghgs + XH2044

wherex is the number of water molecules replaced by ookecnle of organic inhibitors. An attempt was maale
plot the values of surface covera@® derived fromPDP experiment against different QNs concentrationgriater

to obtained the best adsorption isotherm. Howeiere assume that the adsorption of our inhibitadsorption
isotherm follows Langmuir, the rate of surface aage ) for different concentrations in acidic medium is
evaluated by the method of weight loss accordintheaeporEprpp(%) / 100 and using the following equation[42]:
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Con - 1 ¢ )

Where G, is the concentration of inhibitor akdgysthe adsorptive equilibrium constant.

Figure 8 shows the curves of the variationGyf, / 6 according to the concentration,{Cfor the quinoxalines
compounds. The linearity of these curves indic#ias the adsorption of our inhibitors on the suefa¢ mild steel
in 1 M HCI, is according to the Langmuir isothernodel. The validity of this approach is confirmedthg strong
correlation (B= 0.999).

The values oK 4s0btained from the reciprocal of intercept of Langnisotherm line are listed in Table 6, together

with the values of the Gibbs free energy of adSordt\G;dS calculated from the equation:

1 AG.
K .= exp(——2ds 10
ads (55-5) oy RT) (10)

Where R is gas constant and T is absolute temperatii experiment and the constant value of 55.5hés
concentration of water in solution.

0.0064 | = QN1 o ON2 ON3 v QN4
0.0054
0.0044
£ 0.0034
o
0.0024
0.0014

0.000+

! v ! v ! v ! v ! v !
0.000 0001 0002  0.003  0.004  0.005
cM)

Figure 8. Adsorption isotherm according to Langmuifs model derived fromPDP measurement

Table 6. Thermodynamic parameters for the adsorptia of QNs in 1 M HCI on the carbon steel at 303 K

Kads AGads

Inhibiteurs  Coefficient de régression linéaire (Umol)  (ky/mol)

QN1 0.99994 18114 -34.8
QN2 0.99990 15193 -34.3
QN3 0.99991 13866 -34.1
QN4 0.99992 13328 -34.0

The high values of adsorption equilibrium constagis correspondent’s quinoxaline compounds to refleettigh
adsorption capacity of these inhibitors on the aefof mild steel in acidic 1 M HCI. This sugge#iat this
inhibitor can best recoveries, where it's mostetffe protection against corrosion.

The negative values of the standard free energgledrption indicates a spontaneous adsorption tfaules on the
surface of our mild steel and also the strong awon between the inhibitors molecules and theahsetrface[44].
Literature study reveals that the value Adf.4s up to —20 kJ/mol or less negative is related ® ¢hectrostatic
interactions between inhibitor and metallic surfa¢ehysisorption), while the value afz,4is around —40 kJ/mol
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or more negative related to the charge sharing dmtwinhibitor and metallic surfaces (chemisorpfibf)
However, in our present case the valuesAGfys range in between -34. 8 and —34.0 kJ/mol sugggdtiat
adsorption of the QNs on mild steel surface follphgsiochemisorption (mixed mode of adsorption25644].

Mechanism of inhibition

It has been established that the inhibitor molecoletaining heteroatoms particularly nitrogen, sylbxygen and
phosphorus inhibits metallic corrosion in acid siolu by adsorbing at the metal/electrolyte inteefadPreviously, it
has been investigated by several authors[34,48¥4heteroatoms of the inhibitor molecule in asdution easily
undergo protonation due to the presence of unshelemiron pair on these atoms, and therefore id agiution
organic compounds exist in cationic form. On theeothand the metallic surface becomes negativelygeld due to
the presence of uniform layer counter ion (chloridas of hydrochloric acid) present over the matall
surface[34,45,46]. These appositively charged sgeaftracted each other through electrostatic fofatraction,
and therefore it can be concluded that first steplives physisorption during the QNs adsorptioncpsses
[34,45,46]. However, as soon as QNs comes in itgrakform by release of hydrogen gas at cathode, t
chemisorption takes place by transfer of free urezhalectron pairs of heteroatoms into empty dtalbiof surface
iron atoms [46]. Moreover, this type of electroansfer causes excessive accumulation of negatigegehon
electron rich metallic surface which renders itramsfer its electrons to the empty anti-bondindemalar orbitals
of the inhibitor through retro-donation. Both ddoat and retro-donation strengthen adsorption of €ids
molecules on mild steel surface through synergidmdfS]. The pictorial presentation of the interactr@sponsible
for adsorption of QNs on mild steel surface is shamFigure 9.

ool Electrostatic interaction ]Physisorption

——— Electron tranfert pi to d
Donation o )
——=mmm Electrons transfert 7 to d Chimisorption

wmmnnn Electron transfer d to pi } Retrodonation

Figure 9: Pictorial presentation of adsorption of QN1 on mild steel surface in acid solution
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CONCLUSION

Quinoxaline derivatives have been studied as cimmomhibitors for mild steel in 1 M HCI solutionnd the
following conclusions were arrived at:

1) QN1, QN2, QN3 and QN4 inhibit the corrosion of mélgeel in 1 M HCI solution and the inhibition eféacy
increases with increase in concentration of théitdrs.

2) Both polarization and impedance electrochemicdingpes showed that the studied compounds are nyped
inhibitors and the order of inhibition efficiencyx10° M is:

ON1 > QN2 > QN3 > QN4.

3) The inhibitors adsorb spontaneously on mild stagfase and their adsorption behavior obeys Langmuir
adsorption isotherm.
4) Different mechanisms of adsorption and inhibitioe possible and have been proposed.
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