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Abstract

Inhibition effect of a new pyrimidine heterocyclierivative, namely 2-hydrazino-4-(p-methoxypherBApxo-1,6-
dihydropyrimidine-5-carbonitrile (HPD) on coppemrasion in 3.5% NaCl solutions at 25°C +1 was irigzged by
using potentiodynamic polarization , electrochemingpedance spectroscopy, EIS and electrochemieguéncy
modulation, EFM. The electrochemical measuremeaisahstrated that, under the chosen experimentalitemms
HPD offers sufficient inhibition against copper kmmion in 3.5% NaCl solutions. Tafel polarizatidndies have
shown that the HPD suppresses both the cathodiamodic processes and thus it acts as mixed-typkitor. The
results of EIS indicate that the value of CPEs settddecrease and both charge transfer resistamtenhibition
efficiency tend to increase by increasing the iitbitconcentration. EFM can be used as a rapidnamddestructive
technique for corrosion rate measurements withaudr pknowledge of Tafel constants. Molecular dynami
simulations are performed to investigate the adsorfpehaviour of HPD on copper surface.
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1. Introduction

Copper has been one of more important materialsdinstry owing to its high electrical and thermahductivities,
mechanical workability and its relatively noble pesties. It is widely used in many applicationseiectronic
industries and communications as a conductor ictrédal power lines, pipelines for domestic andusidial water
utilities including sea water, heat conductors tlea@hangers, etc. Therefore, corrosion of coppdrits inhibition
in a wide variety of media, particularly when thegntain chloride ions, have attracted the attentbrmany
investigators [1-11].

The corrosion of copper and its alloys dependsdeeat extent on the makeup of the electrolyteoimact with the
metal surface. The mechanism involves copper ditisol at local anodic sites and electrochemicalicddn of
some species such as oxygen at cathodic areaseA gurface area may alternate from being anodeathdde to
produce uniform corrosion. In chloride solutionke tfirst step of the anodic dissolution is the fation of

CuCrzcompIex. In addition, it was found that during aitodolarization, there is always equilibrium betwes
thin layer of CuCland a dense layer of dissolv€aUCI, [12]. In natural fresh water, protecting coatingsch as

Cu, O and Cu(OH), are formed on copper. These layers are importadifferent regards; they are useful for
their corrosion protection properties and theyuefice electrochemical processes at copper elestfbdel5].
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The role of Cl” ions in copper corrosion in NaCl centered arouipe@ competitive adsorption witOH™ on the
available Cu surface, thus creating sites thatnawee liable for electrochemical dissolution, anyl §ompetition

with OH" attached to Cu(ll) ions in a soluble intermedistige, thus enhancing film rupture through dissmhut
[16].

The inhibition action of certain organic compoumasmetallic corrosion processes has been extegsitadlied in
recent years [17-22]. The exact nature of the &utdon between the inhibitors and the metallic atefis, however,
far from being explained and general conclusiorsraore difficult to draw. There is agreement of sostages
participating in the overall inhibition processripaularly with respect to the mechanism in whiohibition occurs.
Heterocyclic organic compounds have generally besed as corrosion inhibitors due to their high bitfon
efficiency. The present work aims to characterimedffect of a new heterocyclic pyrimidine derivatas corrosion
inhibitor for Cu in 3.5% NaCl solution using elemthemical methods. It is also, the aim of this gtiedinvestigate
the interaction between the pyrimidine derivativel dhe copper surface in 3.5% NaCl using molecdjaramics
simulations.

2. Experimental

In this study a new pyrimidine heterocyclic derivat namely 2-hydrazino-4-(p-methoxyphenyl)-6-0x6-1
dihydropyrimidine-5-carbonitrile (HPD) was preparéu our laboratory where a mixture of 2-ethylthidpt
methoxyphenyl)-6-oxo-1,6-dihydropyrim-idine-5-cartitwile (0.01 mole) and hydrazine hydrate (15 mlgrev
heated under reflux for 6 h. The reaction mixtur@sveooled and poured gradually onto crushed ice. Skid
obtained was filtered off and re-crystallized fr@MF to give HPD as pale yellow crystals, yield 85%up. 235 °C,
its structure was confirmed with different spectasic techniques [24] and presented below:

A\

HN——NH,

Scheme: Molecular structurf 2-hydrazino-4-(p-methoxyphenyl)-6-oxo-1,6-dihgdyrimidine-5-carbonitrile (HPD)

The HPD is added to the 3.5% NaCl at concentratidisx 10°, 10% 5 x 10*and 10° M.

Cylindrical rods of copper specimens obtained ftliwhnson Mattey (Puratronic, 99.999%) were moumtetkflon.
An epoxy resin was used to fill the space betweeitom and Cu electrode. The circular cross sectiarea of the
copper rod exposed to the corrosive medium, usetertrochemical measurements, was (0.29.cm

The electrochemical measurements were performadyipical three-compartment glass cell consistetti@topper
specimen as working electrode (WE), platinum couatectrode (CE), and a saturated calomel elect(8@&) as
the reference electrode. The counter electrode separated from the working electrode compartmentriked
glass. The reference electrode was connected taggih capillary to minimize IR drop. Solutions wegeepared
from bidistilled water of resistivity 13 B cm, the copper electrode was abraded with diftegghemery papers up
to 4/0 grit size, cleaned with acetone, washed hilstilled water and finally dried.

Tafel polarization curves were obtained by chandimg electrode potential automatically from (-7%0+ 300
mVsce) at open circuit potential with scan rate of 1.% ra’. Impedance measurements were carried out in
frequency range from 100 kHz to 40 mHz with an atagé of 10 mV peak-to-peak using ac signals ahapecuit
potential. Electrochemical frequency modulation)MgRvas carried out using two frequencies 2 Hz andz5The
base frequency was 1 Hz, so the waveform repetas hsecond. The higher frequency must be at teastimes

the lower one. The higher frequency must also Wcantly slow that the charging of the double éaydoes not
contribute to the current response. Often, 10 Herisasonable limit.

The electrode potential was allowed to stabilizen®0 before starting the measurements. All expenisavere
conducted a25% 1°C. Measurements were performed using Gamry Insttirf@tentiostat/Galvanostat/ZRA.
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This includes a Gamry Framework system based orE®&®400, Gamry applications that include dc105 dor
corrosion measurements, EIS300 for electrochenmimpkedance spectroscopy and EFM 140 for electroatemi
frequency modulation measurements along with a coendor collecting data. Echem Analyst 5.58 sofevavas
used for plotting, graphing and fitting data.

3. Computational details

The geometry optimization process is carried outtie studied HPD compound using an iterative pssci which

the atomic coordinates are adjusted until the tet&rgy of a structure is minimized, i.e., it cepends to a local
minimum in the potential energy surface. The foroasthe atoms in the HPD molecules are calculatech tthe

potential energy expression and will, thereforgedal on the force field that is selected.

Interaction between HPD ar@u (111) surface was carried out in a simulation f45 A x 16.45 A x 40.15 A)
with periodic boundary conditions to model a repraative part of the interface devoid of any aditrboundary

effects. TheCuU (111) was first built and relaxed by minimizing gnergy using molecular mechanics, then the
surface area ofCU (111) was increased and its periodicity is chaniggdtonstructing a super cell, and then a

vacuum slab with 30 A thicknesses was built on @& (111) surface. The number of layers in the stmectuas
chosen so that the depth of the surface is gréladéer the non-bond cutoff used in calculation. Ustntpyers of

Cuatoms gives a sufficient depth that the inhibitalecules will only be involved in non-bond intefiacts with

Cuatoms in the layers of the surface, without indregshe calculation time unreasonably. This streettnen
converted to have 3D periodicity. As 3D periodiaibdary conditions are used, it is important that gfze of the
vacuum slab is great enough (30 A) that the nordbeaiculations for the adsorbate (HPD molecules)sdaot

interact with the periodic image of the bottom kagéatoms in the surface. After minimizing tiéu (111) surface
and HPD molecules, the corrosion system will bét lmyi layer builder to place the inhibitor molecsilen Cu(111)

surface, and the behaviours of the HPD moleculetherCu(111) surface were simulated using the COMPASS
(condensed phase optimized molecular potentialatfumnistic simulation studies) force field.

The Discover molecular dynamics module in Matergtigdio 5.0 software from Accelrys Inc. [2&Jows selecting
a thermodynamic ensemble and the associated paamneéfining simulation time, temperature and swgag and
initiating a dynamics calculation. The moleculandsnics simulations procedures have been descrilsed/gere

[26]. The interaction energfc, .nibior: Of the CU(111) surface with HPD was calculated accordingthte
following equation:

ECu—inhibitor:Ecomplex-(E Cu—surface+E inhibito) (1)

where E is the total energy of th€U(111) surface together with the adsorbed inhibitotecule, E

complex Cu-surface

and E, ..o, are the total energy of th€u(111) surface and free inhibitor molecule, respetyi The binding
energy between HPD arf@u (111) surfaces, was the negative value of thednt®n energy [27], as follow:

E binding =~ E cudinnibitor (2

4. Results and discussion

4.1 Potentiodynamic polarization measurements

When a copper specimen is immersed in 3.5% NaGh texluction and oxidation processes occur onuitiase.
Typically, the copper specimen oxidizes (corrodws) the oxygen is reduced. The cathodic reactioropper in
aerated sodium chloride solutions is well knowbéathe oxygen reduction [1,28]:

O, + 2H,0 + 4e - 40H" ®)

Any corrosion processes that occur are usuallysaltr®f anodic currents. When a copper specimén tontact
with a corrosive liquid and the specimen is notramied to any instrumentation as it would be &nvige" the

specimen assumes a potential (relative to a referetectrode) termed the corrosion potential, . .The corrosion
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potential, E___can be defined as the potential at which the rhitexiolation is exactly equal to the rate of redoti

[29].

The potentiodynamic polarization curves recordedtie copper electrode in the absence and pres#ndBD are
presented in Fig. 1. It is obvious from Figthht the anodic branch of Cu in both NaCl solutionthe absence and
the presence of HPD molecules shows a three disgg@ns; firstly increasing the current from fhafel region at

corr

lower over-potentials, which extending to the peakrent density due to the dissolution of coppetairte Cu” .

Cu- Cu+é (4)
Secondly, the region of decreasing currents untiidmum is reached due to the formatiorCaiCl
Cu' +CI - CucCl (5)

And finally the region of sudden increase in cutr@ensity leading to a limiting value as a resuft o
CuCl, formation which is the responsible on the dissolutif Cu

CuCHCI - CuC] (6)

It is also seen that increasing the HPD concentiafidecreases the cathodic, anodic and corrosivents { )

and consequently the corrosion rates.

It has been shown that in the Tafel extrapolati@ihod, the use of both the anodic and cathodicl Tafgons is
undoubtedly preferred over the use of only one [Tedgion [30]. However, the corrosion rate can als®
determined by Tafel extrapolation of either thehodic or anodic polarization curve alone. If onlyegpolarization
curve is used, it is generally the cathodic cunractv usually produces a longer and better definafitlTregion.
Anodic polarization may sometimes produce concéntraeffects, due to passivation and dissolutiswell as
roughening of the surface which can lead to demtifrom Tafel behaviour.

Table 1 Electrochemical kinetic parameters obtained by maidynamic technique for copper in 3.5% NacCl
without and with various concentrations of HPD BiC21.

HPD /M '°°"/_2 E o/ B /_1 E, (%)
MA cm mV (SCE) mV dec
Blank 11.30 293 227.0 -
5x 10° 5.53 311 185.5 80.46
10* 4.93 282 189.5 82.58
5x 10% 3.97 304 196.5 85.97
10° 2.93 264 189.1 89.65

The situation is quite different here; the anodigsdlution of copper in aerated 3.5% NaCl solutiobgeys, as
previously mentioned, Tafel's law. The anodic cuisietherefore preferred over the cathodic onesf@luation of

corrosion currentsi .., by the Tafel extrapolation method. However, ththodic polarization curve deviate from

the Tafel behaviour, exhibiting a limiting diffusiocurrent, may be due to the reduction of dissolegygen.
Accordingly, there is an uncertainty and sourceegbr in the numerical values of the cathodic Tafelpes
calculated by the Echem Analyst software. Thishis teason why values of the cathodic Tafel slopesnat
included here.

Addition of 10° M of HPD reduces to a great extent the cathodit amodic currentsi . The corresponding
electrochemical kinetics parameters such as comopbtential €, ), anodic Tafel slopesg and corrosion

current density i(corr), obtained by extrapolation of the Tafel lines presented in Table 1. The inhibitor efficiency
was evaluated from dc measurements using the fwitpequation [31]:

Ep%:(l—f%ﬂjxloo %
ICO”

wherel . andl . correspond to uninhibited and inhibited currentsilés, respectively.
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Figure 1. Anodic and cathodic polarization curves for coppe3.5% NaCl solutions in the absence and presefce
various concentrations of HPD at 25 °C+1.

Table 2 Electrochemical parameters calculated from EIS oreasents on copper electrode in 3.5% NaCl solutions
without and with various concentrations of HPD datives 25+1°C using equivalent circuit presented in Fig. 3.

HPD/ M R/ R/ P& n Rl CPE n W %
Qcm?| 0 cm?| pQ'em?S: 1 Qcn? | 1Q7'em?S: 21 Qcm?s” Z
Blank 113 733 1.3 0.899 6.1 13.5 0.52 20.3 -
5x 10° 91.3 3751 0.78 0.83 10.8 7.9 0.44 14.5 82.1
10* 90.2 4207 0.56 0.79 12.4 5.7 0.49 8.9 83.5
5 x 10% 87.6 5224 0.48 0.91 135 51 0.6( 5.6 86.4
10°3 90.7 7082 0.41 0.79 17.9 3.4 0.54 3.2 91.3

Inspection of Fig. 1 and Table 1 show the variatidrk.,,, values with the concentration of HPD in 3.5% NacCl
solutions. As it can be seen, the corrosion paertl.,,) have no definite shift and.{j) decreases when the
concentration of HPD is increased. Absence of figant change in the anodic Tafel slogg) (in the presence of
HPD indicates that the corrosion mechanism is hahged after adding the HPD.

HPD is thus a mixed-type inhibitor, meaning that #ddition of HPD to 3.5% NaCl solutions reduces dhodic
dissolution of copper, corresponding to a noticeat@crease in the current densities of the passivptateau, and
also retards the cathodic reactions that occutb®eopper surface.

4.2. Impedance measurements
Impedance spectra for copper 315% NaCsolutions, without and with different concentrasoof HPD, were

similar in shape. The shape of the impedance diagraf copper in3.5% NaCis similar to those found in the
literature [32]. The presence of HPD increasesimifgedance but does not change the other aspecisriafsion

mechanism occurred due to its addition. Fig. 2 shthe Nyquist plots for copper i8.5% NaC without and with
different concentrations of HPD. Symbols repregiet measured data and solid lines represent ttiegfitlata
obtained using the equivalent circuit [33] presdriteFig. 3. The parameters obtained by fitting ¢éixperimental
data using the equivalent circuit (Fig. 3), and théculated inhibition efficiencies are listed imaldle 2, wherdzg
represents the solution resistanBg,is the polarization resistance and can be defaled as the charge-transfer
resistance, CPEand CPE are constant phase elements (CPRg)is another polarization resistance ahdis the
Warburg impedance. The Nyquist plots presentedign  clearly demonstrate that the shapes of tipésts for
inhibited copper electrode are not substantialffedént from those of uninhibited electrode. Adalitiof HPD
molecules increases the impedance but does nogettha other aspects of the electrode behaviouguidiyspectra
presented in Fig. 2 are modeled using an equivaleonit model similar to the one proposed by savauthors
[34,35].
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Figure 2 Nyquist plots for copper in 3.5% NaCl solutionstliire absence and presence of various concentraifons
HPD at 25 °C+1.
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Figure 3 Equivalent circuits used to model impedance dataépper in 3.5% NaCl solutions in the absence and
presence of various concentrations of HPD at 251°C+

The impedance spectra obtained for coppe3.in% NaCcontains depressed semicircle with the center utter
real axis, such behaviour is characteristic foidselectrodes and often referred to as frequenspeadsion and
attributed to the roughness and other inhomogenitiehe solid electrode [36,37].

Parameters derived from EIS measurements and figmilgfficiency is given in Table 2. Addition of HFincreases
the values oR, andR, and lowers the values of CPEnd CPE and this effect is seen to be increased as the
concentrations of HPD increase. The constant pkéseents (CPEs) with their values1>n >0 represent
double layer capacitors with some pores [33]. TREE€ decrease upon increase in HPD concentratidrishare
expected to cover the charged surfaces and redti@ncapacitive effects.

This decrease in (CPE) results from a decreasecal Hielectric constant and/or an increase irthiiekness of the
double layer, suggested that HPD molecules intfilgitcopper corrosion by adsorption at the coppétlaerface
The semicircles at high frequencies in Fig. 2 a¥regally associated with the relaxation of eleatriouble layer
capacitors and the diameters of the high frequesacyicircles can be considered as the charge-trarefistance

(Rt = Ry) [36]. Therefore, the inhibition efficiency% of HPD for the copper electrode can be calculéizoh the
charge-transfer resistance as follows [36]:
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RO
n%= (1—?”)>< 100 (8)

p

where R;’ and R) are the polarization resistances for uninhibited iahibited solutions, respectively. The CPEs are

almost like Warburg impedance with theivalues close to 0.5 in presence of HBB], which suggests that the
electron transfer reaction corresponding to themsgsemicircle takes place through the surfacer lagd limits the
mass transport (Warburg). The presence of the WarpA) impedance in the circuit confirms also that thasm
transport is limited by the surface passive film.

4.3. Electrochemical frequency modulation, EFM

The EFM intermodulation spectra (spectra of curm@sponse as a function of frequency) were consttufor
copper in aerated stagnant 3.5 M NacCl solutionbawit and with various concentrations of the teatddbitors at
25 £ 1 °C; typical data are depicted in Fig. 4.

Corrosion kinetic parameters listed in Table 3caleulated from EFM measurements using the follgvéguations
[38,39]:

: i,
Icorr i \/48(2w| 3w _iZw) (9)

U,
(10)

B, = -
20,,+ 23 d,j, -2

B = Y, (1)
2\/_3\/23wiw_i22w_ 22(4)

|

Causality factor (2) =22 = 2, (12)
20
[P

Causality factor (3) =224 = 3, (13)
30

wherei is the instantaneous current density at the wgrkmpper electrode measured at frequencgnd | is the
amplitude of the sine wave distortion

Table 3 shows the corrosion kinetic parameters siscimhibition efficiency Egr,, %0), corrosion current density

(MA/cm?), Tafel constantsi, , Bc) and causality factors (CF-2, CF-3) at differeaheentration of HPD derivatives
in 3.5% NaC at25+ 1 °C.

It is obvious from Table 3 that, the corrosion eutrdensities decrease by increasing the conciemsabf these
compounds. The inhibition efficiencies increasarmyeasing HPD concentrations. The causality fadio Table 3
are very close to theoretical values which accardinthe EFM theory [38] should guarantee the wglidf Tafel
slopes and corrosion current densities. Inhibitédficiency (Erv%) depicted in Table 3 calculated from the
following equation:

Eppy %= (1--2) x10C (14)

corr

wherei®

corr are corrosion current density in the absence lamgtesence of HPD compound, respectively.

andl g,
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Figure 4 Intermodulation spectra recorded for copper eleeiio 3.5% NaCl solutions in the absence and poesen
of various concentrations of HPD at 25 °C+1.

As can be seen from Table 3, the corrosion cumlensities decrease with increase in HPD conceotrs&tiThe
causality factors in Table 3 indicate that the mead data are of good quality. The standard valoie€F-2 and
CF-3 are 2.0 and 3.0, respectively. The causadityof is calculated from the frequency spectrunthef current
response. If the causality factors differ signifittg from the theoretical values of 2.0 and 3.@tfit can be deduced
that the measurements are influenced by noisénhelfcausality factors are approximately equal topgredicted
values of 2.0 and 3.0, there is a causal relatiprsfitween the perturbation signal and the respsigsal. Then the
data are assumed to be reliable [39]. When CF-2CG#8 are in the range 0-2 and 0-3, respectivien the EFM
data is valid.

The great strength of the EFM is the causalitydiectvhich serve as an internal check on the vgliditthe EFM

measurement [39-40] . With the causality factoes ékperimental EFM data can be verified. The stahgalues
for CF-2 and CF-3 are 2.0 and 3.0, respectively.
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Table 3 Electrochemical kinetic parameters obtained by BEdhnique for copper in 3.5% NaCl with various
concentrations of PMD at 26.

HPD /M| eor! Pl | B! CRrimpy Eg% | CF2 CF3
puAcm?| mVdec'| mVdec
Blank 71.75 71.76 119.1 117.1 - 1.9 1.4
5 x 10° 8.58 54.15 75.70 13.89 88.04 1.95 2,51
10° 7.45 71.25 115.20 12.88 89.62 1.86 2|45
5 x 107 5.78 116.35 179.90 10.56 91.94 1.97 2,96
10° 4.25 91.65 122.70 9.24 94.08 1.85 2,74

4.4. Molecular dynamics simulations

Molecular dynamics simulation study was performedsitmulate the adsorption structure of the HPD opper
surface in an attempt for understanding the intemas between HPD and copper surface. Moleculaicstre of
HPD shows that it is likely to adsorb on copperfag by sharing the electrons of nitrogen, sulpma oxygen
atoms, phenyl rings and pyrimidine structure witdppger. The adsorption progress of HPD on coppdaceiris
investigated by performing molecular mechanics (Mi#ing MS modeling software. The periodic boundary
conditions (PBC) were applied to the simulationl eeld described elsewhere [41]. HPD molecule wasrgsn
optimized, copper surface was constructed usingatmerphous cell module, the whole system was energy
optimized and the possibility of HPD adsorptiontba copper surface were simulated as in Fig. 5@uid be seen
from Fig. 5a that HPD molecule moves near to thegpeo surface, indicating that HPD adsorbed at coppeace.
Fig. 5a shows that the adsorption occurred thrabghnitrogen atoms in HPD. During simulation, bathplane
aromatic structures are fluctuating up and downcttygper surface while nitrogen atoms are attachHeteatime to
copper surface.

HPD-Density

. L - 1539
- 1319
- 1089
- 87931
65951
439601
- 21951

- 0.000

Figure 5 (a) Most suitable configuration for adsorption of HP@ Gu (111) substrate obtained by adsorption
locator module, (b) The adsorption density of HRDitee Cu (111) substrate

The adsorption density of HPD on the Cu (111) gabsthas been presented in Fig. 5b.Therefore stindied
molecules are likely to adsorb on the copper serfiacform a stable adsorption layer and protecipeogrom
corrosion. The binding energies as well as the rptism energy were calculated and presented in€lT4bl

Table 4 Quantum chemical and molecular dynamics paramelenised for HPD calculated with DFT method in
aqueous phase

Property Value

Total energy /kCal mdi -78881.8
E cuinnibitor / Kcal/mol -511.7
E pinding /kcal/mol 511.7
Adsorption energy/ kcal mol -127.7
Rigid adsorlE)ntgc:_r; / energy kcal 78.97
Deformation energy/ kcal mo -49.47
dE,/dN; kcal mol" -127.7
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The parameters presented in Tableclude total energy, in kcal md) of the substrate—adsorbate configuration.
The total energy is defined as the sum of the éeemf the adsorbate components, the rigid adsorgnergy and
the deformation energy. In this study, the substestergy (copper surface) is taken as zero. Irtiaddadsorption
energy in kcal mot, reports energy released (or required) when tlasxed adsorbate components (HPD molecule)
are adsorbed on the substrate. The adsorptioneredgfined as the sum of the rigid adsorptionrgnend the
deformation energy for the adsorbate components. figid adsorption energy reports the energy, ial kaol*,
released (or required) when the unrelaxed adsodmteonents (i.e., before the geometry optimizatitap) are
adsorbed on the substrate. The deformation enemyrts the energy, in kcal myl released when the adsorbed
adsorbate components are relaxed on the substirfdee. Tablé shows also (df&JdNi), which reports the energy,
in kcalmol™, of substrate—adsorbate configurations where éleecadsorbate components has been removed. The
binding energy introduced in Tabdecalculated from equation (Zyhe vertical distance, calculated from molecular
dynamics, between the flat molecules and coppdasiwas about 2.9 A for HPD; this result indicatiest the
interaction between the HPD molecules and the aogyoéace is strong enough to inhibit corrosion.

5.Conclusion

The main conclusions of the present study can bersrized as follows:

The electrochemical measurements demonstrated dinaier the chosen experimental conditions HPD sffer
sufficient inhibition against copper corrosion i%% NaCl solutions. Tafel polarization studies haliewn that the
HPD suppresses both the cathodic and anodic pexessl thus it acts as mixed-type inhibitor. Trerilte of EIS
indicate that the value of CPEs tends to decreaddath charge transfer resistance and inhibitfGioiency tend to
increase by increasing the inhibitor concentratibhis result can be attributed to increase of thiekhess of the
electrical double layer. EFM can be used as a rap@inon destructive technique for corrosion raé@asarements
without prior knowledge of Tafel constants. Moleuldynamic simulations are performed to investigie
adsorption behaviour of HPD on copper surface.
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