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ABSTRACT

Adsorption and inhibition efficiency effect of antipyrine derivatives on the C-steel in 1.0M HCI were estimated using
three electrochemical techniques (electrochemical impedance spectroscopy (EIS), eectrochemical frequency
modulation (EFM) and Potentiostatic polarization).Inhibition efficiency of the inhibitors rose with raising the
concentration of the derivatives as well as increased also with rising the temperature. Polarization curves revealed
that these compounds are chemical type inhibitors. The adsorption of these compounds follows Langmuir
adsorption isotherm. Some thermodynamic parameters of activation and adsor ption processes were al soestimated
and discussed.

Keywords: Corrosion inhibition, carbon steel, HCI, antipygiderivatives.

INTRODUCTION

Corrosion is often essential method enjoying anartgmt position inside economics. The usage ofhiiris is the
most effective methods for defense in contrastotwosion, particularly in acidic medium [2].Organicaterials are
considered to be the most effective inhibitors Iaivg nitrogen , sulfur, and oxygen atoms. Amongeth, organic
inhibitors have various benefits such as high iitloib efficiency, low cost, low toxicity, and easiproduced [3-
6].Organic heterocyclic materials were used forabgosion inhibition of iron [7-12], copper [13luminum [14-
16], and other metals [17-18] in various corrodingdia. The adsorption of the surfactant heterocyohibitors on
the metal surface can obviously change the comegiesisting property of the metal [19-20],s0 sindyof the
relations between the adsorption and corrosiorbitibn is of huge relevance. Heterocyclic compounage shown
high inhibition efficiency for iron in both HCI [3and HSO, [22]solutions.As antipyrine compounds have been
studied as corrosion inhibitors before we also us®de derivatives of it to inhibit corrosion ofzstin 1M HCI.
For this reason, the goal of the present work isntestigate the inhibiting action of antipyrineridatives in 1M
HCI at 25-45 °C using different methods.

MATERIALS AND METHODS
The electrode which we used in experiments was rfrade C-steel sheets. Beforeevery experiment, teetrede

which we use was refined with emery paper of sévgnades up to 1000 grit, dippedby acetone andylast bi-
distilled water.
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Experiments were conducted in 1M HCI solution wdtfferent concentrations(3x18M — 18x10°M) of antipyrine
compounds. The structures and molecular weighteeinvestigated antipyrine compounds are showablat(1)
[1]. All solutions were freshly prepared using atighl grade reagents and bi-distilled water. Adberiments were
performed at required temperature +1°C.

Table 1: Structures, names, chemical formulas and alecular weights of the investigated antipyrine devatives

No Structures and nhames Chemical formulas Mol.Weights

4-2(chloroacetyl)-1,5-dimethyl-2-diphenyl- 1H-pyrazol -
3(2H)-one

o
1 Hs§{\/‘:' CuaHiCINO; 264.71
Hac—MN
a . 'T o

CgHs

1-(2(1,5dimethyl-2-phenyl-2,3-dihydro-1H-pyrazol-4-yl)-
2-oxoethyl)pyridiniumchloride
hydrate

Cl
2 2 @ CigH2CINSO: 347.87
H3C'N\T

CeHs
2-aminobenzimidazole

3 e CyH1sN4OS 360.43

CeHs

RESULTS AND DISCUSSION

1. Polarization measurements

Polarization experiments were being accomplishethiiee-electrode cell with a platinum counter eladt as well
as a saturated calomel electrode (SCE) coupled fineaLuggin capillary that acts as reference etmiz. The
operating electrode was cut squarely from C-steddezlded in epoxy resin of polytetrafluoroethyleR&KE) so
that the flat surface was the only surface of tleeteode. The working surface area was 1.0x1.0Roharization
technique was carried out with anautomatically pté from -500 to +500 mV at open circuit potehtiath a scan
rate of 1 mV3. Stern-Geary method[23]applied extrapolation mbdic and cathodic Tafel lines were plotted to
investigate the corrosion current , also gettirgilgras well as the analogous corrosion potentigJEor inhibitor
free acid and for every inhibitor concentratiqg, ivas utilized for estimation of efficiency of infiilon and surface
coveragef) as below:

IE % =0 x 100 = [1' (éorr(inh)/ icorr(free)] x 100 (2)

whereonree)aNd kor(inny are the densities of corrosion current without auttl of inhibitor, in that order.
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The frequency range used for impedance measurerfntemisl00 kHz to 10 mHz with amplitude of 5 mV peak
peak via ac signals at open circuit potential. Basirameters calculated from the analysis of Nyayraph are the
resistance of charge transfeg, Rliameter of high frequency loop) and the capaoftydouble layer g that is
defined as:

Cy =1/ (2n fnaRed (3)
wheref.ax is the maximum frequency

The efficiencies of inhibition and the surface cage 0) attained from the impedance determinations wefmed
by this equation:

IE % =0 x 100 = [1- (R% /R.)] x100(4)

where R, and R, are the charge transfer resistance with out aid iwhibitor, in that order. 30 min was the time
allowed for the electrode potential to stand befmrginning the measurements. Experiments were npegfbat 25 +
1°C. Gamry (PCI 300/4) Instrument Potentiostat/@abstat/ZRA was used to calculate the measuremeéhis.
contains a Gamry framework system mainly based hen ESA 400. Gamry applications involve DC105 for
corrosion determinations and EIS300 for electrodhaehimpedance spectroscopy with a computer forniobtg
data; finally we used Echem Analyst 5.58 software.

We noticed from the diagram that the negative gififtorrosion potential suggests that the appliedenials are
chemical type inhibitors but mainly cathodic intdsithan anodic one .From the list of data belowcas see that
the diminish in density of corrosion current and thising in efficiency of inhibition is due to tlaelsorption of the
applied inhibitors on C-steel.The following diagrashows the highest inhibitor (compound 3) in intidi
process.The other inhibitors were investigatediotitshown. Table 2 shows the data obtained fanhibitors.

0.1
0.01
§ 1e3 3 —— Blank(1IM HCI)
<_':_ ——3x10°M
o ] ——6X10°M
2 1E4 e 9X10°M
——12X10°M
i —+—15X10°M
1E-5 ——18X10°M
1E-6
r T T T T T T T T T T T
-15 -1.0 05 0.0 0.5 1.0

E,mv (Vs SCE)

Figure (1)Potentiostatic polarization diagrams fordissolution of C-steel in 1.0M HClwithout and withdifferentconcentrations of
inhibitor (3) at 30° C
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Table (2) shows the potentiostatic polarization pameters for all compounds

Inhibitor [Inh] -Ecor., icorr- Ba, Be, C.R. o % IE
M x10° | mV vs SCE| pAcm? | mV dec' | mV dec' | mpy
Blank 0 520 668 93 113 3052 | ---
3 512 57¢ 90 11% 264 0.13% | 13.4
6 51F 43¢ 83 111 200.1 | 0.34¢ | 34.
9 511 411 78 115 187.9| 0.385| 38.5
12 505 348 83 126 159.1| 0.480| 47.9
1 15 500 336 73 116 | 153.6| 0.497| 49.7
18 458 238 107 127 108.9| 0.644| 644
3 45C 13C 81 12C 59.€ | 0.80f | 80.F
6 452 12¢ 86 12C 58.¢ | 0.80¢ | 80.t
9 450 125 82 106 57.0 | 0.813| 81.2
12 431 125 76 135 56.9 | 0.813| 81.3
15 458 107 68 109 48.7 | 0.839| 83.9
2 18 436 106 83 117 48.5 | 0.841| 84.1
3 563 233 565 146 106.6 | 0.651 | 65.1
6 57¢ 20¢ 59¢ 147 95.7 | 0.68i | 68.7
9 483 133 160 126 60.9 | 0.800 80
12 545 93.2 199 85 42.6 | 0.860 86
3 15 494 68.1 129 113 31.1 | 0.898| 89.8
18 544 28.7 120 159 13.1 | 0.957| 95.7

2. Electrochemical frequency modulation measuremeat

The EFM method is used to estimate the slopesadiarand cathodic Tafel, also the densities ofaan current
for the investigated compound. Figure (2) showsERB intermodulation spectra (spectra of curreepomse as a
function of frequency) of C-steel in 1.0 M HCI. Theasured electrochemical parameteggs, (B, Ba, CF-2, CF-3
and %IE) are given in Table (3). From the Tablecar observe that the corrosion current densityedesas with
raising the concentration of the studied compownitis respect to blank and hence the inhibitionaéficy
increases and reveal that the investigated comomhibit the acid corrosion of C-steel throughagtion[24].
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Figure (2) EFM spectra of C-steel in 1.0M HCI for nhibitor(3)at 30°C
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Table3: shows the electrochemical frequency moduliain parameters for investigated compounds

Inhibitor [inh] i corr Ba Be CF-2 | CF-3| CR (S} % IE
M x10° | pAcm? | mvdec! | mvdec* mpy
Blank 0 1009 122 180 1.714 - 461 - -

1 3 628.1 98 12€ 1.9¢ | 2.77¢ 287 0.377 | 37.i
6 542.¢ 88 118 2.07¢ | 2.82F | 248.1 | 0.461 | 46.2
9 477 78 91 1.887| 3.75 218 | 0.527| 52.7
12 408.8 85 119 1.96 | 2.853| 186.8| 0.594| 59.5
15 400.8 90 125 2.008 | 2.265| 183.1| 0.602| 60.3
18 394.9 47 55 1.399| 1.337| 180.4| 0.608| 60.8

2 3 282.¢ 81 13€ 1.97: | 2.88t | 129.1 | 0.71¢ | 71.¢€
6 267.¢ 75 11F 1.92; | 3.56% | 122.¢] 0.73¢ | 734
9 263 77 117 1.964 | 2.822| 120.2| 0.739| 73.9
12 253 82 140 1.915| 2.927| 115.6| 0.749| 74.9

15 221.6 77 144 1.96 | 2.764| 101.3| 0.78 78
18 190.1 72 130 1.874| 3.795| 86.8 | 0.811| 81.2
3 3 173.1 189 327 1.97 - 79.0 | 0.828| 82.8
6 161.7 17€ 18¢ 1.52¢ - 73.£ |1 0.83¢ | 83.c¢
9 150.2 164 171 1.066| 1.062| 68.6 | 0.851| 85.1
12 148.8 169 257 1.856 - 68 0.852 | 85.2
15 114.1 115 348 1.956 | 1.91 52.1 | 0.886| 88.7
18 109.6 131 139 2.287| 2.098| 50.0 | 0.891| 89.1

3. Electrochemical impedance spectroscopy measurenis

The inhibitor concentration effect on the impedaacton of C-steel in 1.0 M HCI solution at 25 %Cobtainable in
Fig. (3). Nyquist diagrams for C-steel in the preseof different concentrations of inhibitor (3) neeplotted .The
presence of single semi-circle revealed the singfrge transfer process throughout dissolutionighabt affected
by the existence of inhibitor particles. Deviatidnsm the circular shape are related to the frequetispersion of
interfacial impedance according to surface rougbnesslocations, impurities, adsorption of inhib&o grain
boundaries, and formation of porous layers andoimdgenates of the electrode surface [25].The highbgitor

(inhibitor 3) in inhibition is shown in Fig. 3.Thathers are not shown but data for all compounddistesl in Table
4.

—=— Blank(1M HCI)
—e—3x10°M
—4—6X10°M
—v—9X10°M
—<—12X10°M
—»—15X10°M
—*—18X10°M

T T T T T T T
0 50 100 150 200 250 300 350

z,...ohm Cm?
real

Figure (3a) Nyquist curves for corrosion of C-steeh 1.0 M HCI with out and with various concentrations of inhibitor (3) at 25°C

Variables of electrochemical kinetic obtained by Ehethod for the corrosion of C-steel in 1.0M HCWarious
concentrations of investigated compounds at 25°@ weported in Table (4). It is clear from the Talthat the
polarization resistance raises with raising théettsompounds concentration whilg @lues tend to reduce. The
reduce in G is owing to the adsorption of the tested compowr€-steel surface [26] and it can be explained on
the basis that the double layer between charged&l-surface and solutions considered as an elakttiapacitor.
The decrease in the capacitance could be due fardibective layer formation on C-steel surface [27]
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Figure (3b)The Bode diagram for corrosion of steeh 1.0 M HCI with out and with various concentrations of inhibitor (3) at 25°C

Table(4): Electrochemical kinetics results obtainedby EIS technique for the three inhibitors in 1.0MHCI at 25°C

. inh Ret, Rs, Car,
Inhibitor N[I x1]o6 Qcn? | ocnt | *10-4Fcn? | @ | ®IE
Blank 0 235 | 1323 2349 | < | —m
3 284 | 1111] 1264 | 0173| 173
6 286 | 1.193| 2582 | 0.178| 17.8
L 9 33.9 | 1.724] 2213 | 0307| 30.7
12 | 357 | 15¢ 194t | 033 | 33
15 | 496 | 1281 | 245 | 052t | 52
18 | 534 | 1.193|  2.135 | 0550 56p
3 665 | 1.426] 2184 | 06456 64b
6 683 | 1.141| 2282 | 06556 655
) 9 722 | 1.09¢ | 2476 | 067 | 674
12 | 82 | 129: | 200 | 071] 712
15 | 101.3| 1276] 3047 | 0767 76)7
18 | 112.6| 1588 3239 | 0791 791
3 | 2481| 0870 2378 | 0905 905
6 | 250.1| 0.05|  2.003 | 0906 905
5 9 | 2753| 0951] 2009 | 0014 oLk
12 | 3266 | 091C | 264 | 092 | 92
15 | 327.4| 0913 2732 | 0928 928
18 | 3524| 0958 2250 | 0033 938

4. Mass loss tests

Mass loss time graphs of steel with the addingnbihitor (3) in 1.0M HCI at different concentrat®is presented in
Figure (4). The diagram of Figure (4) indicatest thee mass loss values of steel in 1.0M HCI sofufiecluding
investigated inhibitor diminish with the increaskimhibitors concentration, the curves of otherilxifors are not
shown but data listed in Table (5).As the inhibitoncentration increases the inhibition efficieftgreases. This
kind of consequence comes from the fact that treor@tion of inhibitor on the steel raises with tinéibitor
concentration, therefore steel surface is profityeseparated from the media by the creation oflm bn its
surface[25-28].0ther figures and tables for inltstat different temperatures are not shown. Fi¢tiog shows the
effect of temperature
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Table(5)Inhibition efficiency (%IE) of investigated inhibitors with various concentrations at 25°C fran mass loss measurements at 120
min dipping in 1.0M HCI

[Inh]x10°
M 1 2 3
%IE | CR. |%IE [C.R. |%IE [CR.
3 6.5 | 0.039] 17.3] 0.04L 584 0.018
6 140] 0.034 250 0.035 64p 0.016
9 259 0.030] 35.7 0.03L 67F 0.015
12 43.6| 0.027] 42.0 0.02f 717 0.013
15 50.4 | 0.023 50.2 0.028 758 0.010
18 554 ] 0.0200 557 0.021 77 0.000

8 —
—=— Blank(1M HCL)
2 |- 3x10°m
| [—a—6x10°M
64 | ¥ 9x10°M
. ]|+ 12xa0®m
€ 5] |-»15x10°M
© ] Le-18x0°Mm
£
g 47
(%]
°
£ 31
=2
()
2 2
1 -
0 T T T T T T

T T T T T — T T7T— T
20 40 60 80 100 120 140 160 180 200

Time,min

Figure(4)Mass - loss time diagrams for C-steel witbut and with various concentrations of inhibitor(3 at 25° C

Adsorption isotherms

It is largely identified that adsorption isotherimegguseful information but the mechanism of therasion inhibition
and the interaction between the adsorbed moledhlasselves and their interaction with the electredgface
[29].The protection efficiency has often been taksna measure of the degree of surface coveragieeahetal
surface with particular inhibitor. With this defiiain, the degree of surface coveragedan be calculated from Eq.
(3):

0 =% IE /100(3)

The dependence éfon inhibitor concentration (C) can be analyzeshgdiangmuir isotherm:
Clo=(1/K539+C (4)

whereKygsis the equilibrium constant of the adsorption tiescwhich related to standard free energy of gotsom
AG°,¢sby Eq. (5) [30]:

logK a4 -l0g 55.5 -AG°,qs/ 2.303RT (5)

where the value of 55.5 is the concentration ofewat solution in mole /L. Hence, a plot oféG/ersus C as shown
in Figure (5), give a straight line with a slopeapiproximately equal unity and intercept equal 14;Krom slope
and intercept we can calculate the equilibrium tamtsof adsorption s The heat of adsorptioH®gdmight be
estimated byVan't Hoff equation [31]:
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logK,4s= constant AH®,4/2.303RT(6)

In order to estimate adsorption heatH(.q), log Kags Was plottedvis 1000/T as presented in Figure (@
straightlines were obtained with slope equal t&{z#2.303R). Then according to this equation (7):

AG®,4s=AH®34s—TAS 34 7)

By calculating the obtainedG°;3and AH®,4s values in eq. (7), the adsorptionS’°49 entropy values were
estimated at all investigated temperatures. Allinested thermodynamic adsorption variables for sddi
compoundson C-steel in 1.0M HCI solution were tiste Table (6). From the listed data it can be tahe that:
a)Kqgs Values increase with increasing the temperatom 25 —45°C

b)The negative sign oAG®,qsindicate that the adsorption of the investigatethpounds on C-steel surface is
spontaneous process [32].

C)AG®,4s May increase (become more negative) with an isereftemperature which indicates that the adsorpti
was favorable with increasing reaction temperaaisréhe result of the inhibitor adsorption on metaface [33].

d)It is usually accepted that the valuesA@®,4s around -20 kJ mdior lower indicates the electrostatic interaction
between charged metal surface and charged orgasiecuaies in the bulk of the solution while thoseward -40
kJmol™ or higher involve charge chairing or charge trangfetween the charged metal and the organic megecu
[35].From the obtained values Af5°,sit was found that the existence of comprehensisogption (physical and
chemical adsorption). That is to say, since thegud®n heat approached the general chemical matikat, the
chemical adsorption occurs.

e)The negative sign ofH®,4s reveals that the adsorption of the inhibitor maoles is an exothermic process.
Generally, an exothermic adsorption process suggeititer physisorption or chemisorption while ehdomic
process is attributed to chemisorption [34]. Inreanthermic process, physisorption is compared &wtsorption by
considering the absolute value of adsorption epthabenerally, enthalpy values up to 41.9 kJ tacé related to
the electrostatic interactions between charged ecntés and charged metal (physisorption) while thassind
100kJ mol-1 or higher are attributed to chemisorptiThe unshared electron pairs in the investigatetecules
may interact with orbitals of the metal to prova@rotective chemisorbed film [35]. In the inveatied compound
the absolute values &fS .4 are relatively high, approaching those typicatlsémisorption. The values A ,qsin
the presence of the investigated compounds arerlamg negative values that are endothermic adsorptocess
[36].

Table (6) Thermodynamic variables for adsorption ofinhibitors on steel surface in 1.0 M HCI at varios temperatures

Inhibitor | Temperature | Kagx10® | -AG%qs | -AH %gs | -AS uas
C° M* kJ mol* | kJmof* | J mol* K*
1 25 62.1 37.3 22.8 201.819
30 74.9 38.4 202.121
35 62.1 38.€ 199.33(
40 102.5 40.5 202.32!
45 109.1 41.3 201.685
2 25 48.5 36.7 30.9 226.786
30 57.3 37.7 226.467
35 68.9 38.8 226.342
40 85.¢ 40.C 226.56:
45 105.5 41.2 226.727
3 25 488.9 42.4 34.1 256.784
30 564.7 43.5 256.095
35 604.8 44.4 254.837
40 840.8 45.9 255.807
45 1175.f 47.€ 256.88:
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Figure (5) Langmuir adsorption isotherm of inhibitor (3) on C-steel surface in 1.0 M HCI at various t@peratures

Effect of temperature

The effect of temperature on the corrosion rat€efteel was investigated in 1.0M HCI solution irsatce and
presence of different concentrations of the ingedd compounds in the temperature range 25-4%f€Cvdlues of
corrosion parameters at different temperatures wal®ilated from electrochemical frequency modatatiata. In
general, the corrosion rate which is representethéycorrosion current density,} which increase with increasing
temperature and the process obey to the familigrehius equation [37-38].

logicor = log A — E/2.303RT (8)

where A is the pre-exponential factor, i the apparent activation energy of the processRais the universal gas
constant. A plot of log.i,, versus 1000/T gave a straight line shown in Figidjewith a slope equal —~§2.303R.
The enthalpy of activationAH’) and the activation entropy\® ) were obtained by applying the transition sate
equation [39].

log (icord T) = log (R/Nh) + AS/2.303R) - log 4H/2.303RT) (9)

By plotting log (k,/T) versus 1/ gave a straight line shown in Fig) (4ith a slopeAH*/R and intercept [log
(R/Nh)+AS /2.303R]. All estimated thermodynamic activationiables were listed in Table (7). It could be shown
from the obtained data the presence of the invatstijcompounds lead to increase the activatiorggriera value
larger than that of uninhibited solution indicatitigt the higher energy barrier for the corrosioocpss in inhibited
solution associated with chemical adsorption ortg@issurface [40]. All values of E*a are largerritihe analogous
values ofAH* indicating that the corrosion process must ineoch gaseous reaction, simply the hydrogen evalutio
reaction [41]. The activation entrogy&* in absence and presence of inhibitor has negaigns this suggests that
the activated complex in the rate determining gteger association rather than dissociation, megtiiat, diminish

in disordering takes place on going from reacttmtie activated complex [42].
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Figure (7) Arrhenius diagrams for carbonsteel corrgion rates in 1.0M HCI in absence and presence ddrious doses of inhibitor (3)
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Figure (8) Transitiondiagrams forcarbon-steel in 10M HCI in absence and presence of various dosesiohibitor(3) .

5. Surface morphology

Scanning electron microscopy (SEM) and energy dsspe X-ray(EDX) examinations are carried out foe blank
and the applied inhibitors and from these imagesnatice that the C-steel surface looks like noeed by
corrosion. This because of the applied compoundsis®rbed on the C-steel surface by making pretediim on
the metal surface .This film is responsible for tighly efficient inhibition by these compoundsoFfr Table 8 we
can notice the lower values of Fein compoune 8ompound 2< compound 1 and the amount of carbon on
compound 3> compound 2- compound 1. This is in agreement of the %IE.
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Table (7) Activation results for adsorption of inhbitors on carbon-steel in 1.0M HClwith out and withvarious concentrationsof

inhibitors
Inhibitor | [inh] x10 © =N AH’ -AS
M kJ mol* | kJ mot* | J mol’K™*
Blank 0 56.5 23.4 89.5
1 3 51.7 21.3 107.4
6 48.6 20.0 118.7
9 46.5 19.1 126.9
12 42.9 17.5 140.2
15 41.8 17.1 144.8
18 40.6 16.5 149.7
2 3 49.9 21.7 104.1
6 47.3 20.5 114.3
9 44.9 19.5 123.1
12 40.1 17.4 140.6
15 35.7 155 156.4
18 31.6 13.7 171.0
3 3 34.1 13.7 172.1
6 29.2 11.6 189.4
9 27.2 10.7 196.7
12 25.5 9.9 203.4
15 23.7 9.1 2114
18 23.3 8.9 213.2
Table (8) represents the data of EDX
(Mass %) Fe Mn C o
carbon steel along¢ 96.78 | 0.66 | 2.56 --
Blank 82.06| 0.74| 2.34 -
Inhibitor 1 82.84| 0.77 | 11.45| 3.5
Inhibitor 2 79.5 | 0.62| 11.240 8.5
Inhibitor 3 78.1 | 0.70| 16.84 4.5

Pure sample(a)
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Figure (9)SEM images of C-steel surface in pure caga) thenafter dipping in 1.0 M HCI only then (b)after 12h of dipping for
inhibitor(1) (c), after 12h of dipping for inhibito r (2) (d) and after 12h of immersion for inhibitor(3)(e)
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w 7 1T =T % T

b T 12 14

(d)
Figure (10) EDX spectra of C-steel in 1.0 M HCI blak (a) and in existence of (18xI0M) of inhibitor (1) (b), (18x10°M) of inhibitor(2),
(c) (18x10°M) of inhibitor(3)(d)

Mechanism of inhibition

Corrosion inhibition of C-steel in HCI solution hthe investigated compounds indicated from weights,o
potentiodynamic polarization, electrochemical imgece spectroscopy and electrochemical frequencyutatioh
techniques was found to be depending on the comtEm and nature of the investigated compoundss It
commonly, assumed that the inhibitor adsorptiothenmetal / solution interface is the initial steghe mechanism
of the inhibitor in acid medium. Four kinds of agstion might take place throughout inhibition invisig organic
molecules at the metal / solution interfacel) Etestatic attraction among charged molecules andyeldametal 2)
interaction of unshared pairs of electrons in tlwetule with the metal 3) Interaction ofelectrons with the metal
4) A combination of the above [43].Concerning intats, the inhibition efficiency depend on numerdastors; for
example (i) The adsorption sites number and thearge density, (i) molecular size, (iii) mode ofdraction with
the metal surface and (iv) the formation of metalfiomplex [44].The order of inhibition is decreasesl the
following order: 3>2>1.

Compound 3 is the most effective one due to: lald higher molecular weight ii) It contains 4N, ®atoms which
may act as adsorption centers and iii) it contdihgtero atoms. Compound 2 comes after compoundribition
efficiency due to: i) It contains 3N, 20 atoms amek Cl atom which is withdrawing group. This Clmatenhances
the electron density on the molecule and henceedses the %IE and ii). It has lower molecular sizé contains
only two hetero atoms. Compound 1 is the leastte one due to: i) It has 2N, 20, and one CI at@mdii) It has
the least molecular size and contains one hetero.at

CONCLUSION
1-The studied compounds have a great inhibitioactfaiccording to chemical type inhibitors for Cebtdissolution

in 1.0M HCI solutions.
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2-Reasonably good agreement was obtained betweewathes observed by the weight loss and electroiciad
determinations were in good agreement .The ordéXlé of these investigated compounds is in theofaihg
order: 3>2 >1

3-The results obtained showed that the inhibitifficiency rises with inhibitor concentration andsalincreases
with raising temperature.

4-Thermodynamic variables showed that the corrogitiibition by studied inhibitors is owing to thénamical
adsorbed film formation on the metal surface.

5-The inhibitor adsorption on C-steel surface M HCI solution obyes Langmuir model for these bitars.

6-The negative signs &fG’,qsshow spontaneous process of the inhibitors onutface of C-steel.

7-The results of inhibition efficiency obtained fimc¢hree techniques showed validity in results.
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