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ABSTRACT

The inhibitive action of Saponinic extract of both Zygophyfium aibum and Zygophyllum
aegyplium leafs which could serve as eco-friendly materials was investigated on the
coarrosion of N8O corbon sfeel in 1M HCI solufion The fechniques empioved for study were
weinht loss measwrements, potenfiodvnamic pelarizafion, electrochemical requernicy
maodulation [EFM) and electrochemical impedance speciroscopy (EIS]. The results
obtained show that these exfracts could serve as effective inhibitor for NEO carbon steel.
The perceriage inhibifion increases with increasing concendrafion of the inhibifor af 25 °C.
The percentfage inhibitor efficiency above 90% was obiained of concentration of 700 ppm
for both exfracts. The corrosion rates of steel and inhibitive efficiencies obigined from
impedarnce and polarizotion measurements were in good agreement with those obltained
from weight loss measurements. Fotentiodvnamic palarzation studies clearly reveal that
both exfrocts act as miked fvpe inhibitor, The study shaws that the inhibifion efficlency
decreqased with femperature rise of the medium. Heot of adsorption (AHaqa) and
thermodynamic parameters (AG) and (AS) indicated that the adsorption process is mainly
controfted by physical adsorpiion process.
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RESUMO

AlnibicGo do coreséo do aco carbono N80 foi estudada ng presenca de exiraios
saponinicos de folhas de Zygophyviium dibum e Zygophyllum cegypiivm em solugdo
aquosa de HCL Foram usadas técnicas de perda de peso, poiarizaco
pofencicdingmica, modulocdo da freqléncia eletroguimica e especiroscopia de
impeddncia eletroguimica, Os resuffados experimentais mostraraom que ¢s exfratos s&o
eficientes na inibicdo da corrosdo. O pracesso de inibicdo depende da concenracdo de

exirato e do fempergiura.
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I-INTRODUCTION

Chemical inhibitors ptay an important role in the protection and miflgation sirategias for
retarding corrosion {1). Most acid inhibitors are organic compounds cortaining nffrogen,
oxygen and/or sulpher. These compounds are adsorbed on the meitalic surfoce,
blocking the active corresion sites {2-3}. Due 1o the negative effects of these compounds
caused in the environment {4), the deveiopment of novel corrosion inhibitors of naturdal
sources and non-toxic type has been considered to be more important and desirable
{7}. Some investigations hove been made recently on the corrosion inhibition properties
of naturally occurring piont extracts, which have been reéported to have generally good
inhibition efficiencies for carb:on steel [B-146) and for other metals ke in [17], copper (18},
olumirium (19-20) and zinc (21, The agueous extract of ane of the plonts under
irvastigation (Zvgophviium clbum) has been formerly investigoted for X52 Mild Sfeet In
sulfuric acid {22} However, the constifuents that provide inhibitive action, the
mechanisms and he best condition for inhibilion are still unclear.

As a condribution 1o the curent interest on eco- friendly, green, comrosion inhibitors, the
present study investigotes the inhibliing effect of saponin extracts of the leots of
Iygophyium aegyptium, which grows in the delfaic Mediterranean coast of Egypt {23}
and Zygophylum album on N80 carbon steel comrosion in 1 M HCL,

2. EXPERIMENTAL

2-1. Preparation of plont exfracts

Iygophyviium album and Zyvgophylium gegyplium leaves which grow in the deltalc
Mediteranean coast of Egypt were collected. These were crushed and exiracted using
methonol. The methanol crude exfrocts were pariitioned against severdl solvents ke
patroleurn ether , ethyl acetote and dichioromethane using o separatory funnel jo get o
high polar compound crude exfract and  passed through a diion column using methanol
to get o moderate polar compound crude exiract followed by the addition of acefone in
order to get the crude sapornien fraction | Plant exdracts test solutions were prepared of
concentrations of 50, 100, 300, 500 and 700 mg/l.

2.2, Specimen preparation

Al metal was providad from the pipeline Casing of *'Monsoura Petroleurn Company,
Mansouro Flelds'' | Hs chemical composition is {0.42%) C, (0.20%) St (1.03%) Mn, (0.012%}
P (0.007%} S, {0019%) Cr, (0.002%] Ni, {0.005%) T, {0.04%) Cu and Fe bolance. Coupons
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were cutinto 2 x 2 x 1T cm dimensions used for weight joss measurements, whereas

specimens with 1 x 1 x 1 om dimensions, sedled by polyester resin, leaving a surface area

of 1 cm?, were used as working slectrode for polanzation . EFM and EIS measurements.
The surfaces of the sample were mechanically polished by grit slicon carbide paper
progressively up to 1200 mesh, rinsed with acetone washed with bidistilled water and then

dried before each experiment.

2.3. Solutions preparafion

All chemicals ond reagents were of analytical grade. A 1 M HCI stock solution was
prepared by dilution of 37% HCI using distilied water, The concentration range of the
employed exitracts was varied from 50 to 700 mg/l.

2.4. Wedaht ioss megsurements
Weight loss study was camed out ot 25, 35 & 45 °C for 3 hours time duralion in HCL
solution. The inhibiion efficiency (IE) s determined by following equation:

IE = (1- [Wi/ WG]) > 160 (7

Where Wo and Wi are the weight foss values in absence and in presence of inhibitor,

2.5. Polorizofion measurements

Fotaerdiostatic polanzation sfudies were comied out using o typical thyee-compoartment
glass cell consisted of the ron specimen as working elecirode with an exposed working
arec of 1.0 am2 | saturated colomel electrode (SCE) as a reference electrode and o
platinum foil {1.0 crn?) as a counter slectrode. The reference elechode was connected
fo a luggin copillary To minimize IR drop. The cells were under athmospheric conditfions
without slirming and ot the room femperaiure. Al poteniicl vaiues were reporied versus
SCE. Prior to every experiment, Tafel polarization curves were oblained by changing the
electrode potential automaticaly from -500 to 500 mvySCE af open circult potenticl
with ¢ scan rate of 5 mvs-1. Stern-Geary method used for the determination of corrosion
current is performed by extrapoiation of anodic and cathodic Tafe! ines of chorge
tronster controfled comosion reactions 1o o point which gives 1ogf ice) and the
cotresponding corrosion potenticl [Eee) for inhibitor free acid and for each
concentration of the used inhikitors, Then fleos} was used for calculation of inhibition
gfficiency and surface coverage (8} os below:

WlE = (! - [ iCC}.F“?’ (irz?a}/ icarr {free} ]) %100 (2)
& =1- [ ic:a?r‘r (in!':)/ ir:(}rr‘ {,fre.:?)] (3)

Where lcon reet 0N loar inmy Ore the comrpsion current densities in the obsence and
presence of inhibitor
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2.4, Flechochemicol impedance speciroscopy (E1S)

Impedance medsuremeants were caried out in freqguency range from 100000 Hz to 0.5 Mz
with amplitude of 10 mV peaak-to-peck using Ac signais at open circuit potenticl. The
axpetimental impedance were analvzed and interpreted on the basis of the eguivalent
circuit. The main poraometers deduced from the analysis of Nyguist diagram are the
resisiance of chaorge fransfer Rey {cdiameter of high frequency loop} and the capacity of
double layer Ca which is defined os:

Cdl =1/ (2 w fmax Ect) (4)
Where fmay, is the frequency ot which the imaginary component of the impedance is

mexiryicl

The inhibition efficiencies and the surface coverage (8) obtained from the impedance measurements are
defined by the following relations:

BolE= (1- [R® R} <100 (%)
£ =1 [R/R (5)

where R’ and B, are the charge transier resistance in the absence and presence of iphibitor,
2.7, Hectrochemical frequency moduiation (EFAM)

Hecirochemical frequency modulation, EFM, was camed out using two freauencies 2
and 5 Hz. The base frequency was 0.1 Hz, so the wavetorm repeats after 1 5. The higher
frequency must be at least bwo times the lower one. The higher frequency must alse be
sufficiendly siow that the charging of the doubile loyer does not confribute 1o the cumrent
respponse. Often, 10 Hels a reasonable imit. The infermodulation spectra conlain cument
responses assigned for harmonicaol and intermodulaiion current peaks. The lorger peaks
were used to calculate the corrasion current density leos), the Tafel slopes (B and Pl
and the causolity foctors CF2&. CF3

3. RESULTS AND DHSCUSSION -
3.1 Weight [oss measuremenfs

The corrosion rate and inhibition efficiency for N80 carbon steel in T HCE Solution ot 25
°C, 35°C and 45°C in the absence and presence of the Zygophylium albur and '
Iyaophviium Aegyptium extracts are given in Table [1) ond Table [2). It is indicated thot
inhiblticns efficiency for N80 carbon steel incraeases with the increase of the inhibitor
concantrafion up 16 8%.32% for oth Ivgophylium album and Zygophyilum Asgyptium of
25°C. As the temperature inCreases the inhibition efficiency decreases. At 35 and 45°C
maximum inhibition efficiencies of 73.90% and 64.53% is ooserved for Iyvgophyiium olbum
. but for Iygophviium Aegyplium extract the maximum inhibition efficiencies were
85.29% ond 73.93% obicined in 1M HCI solution containing 700 ppm for both plants
extracts. This indicates thot Zygophyllum Asgypiium exiract as a corosion inhikitor hos
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more resisiance for fsmperature changes than Ivgophyliure album exiract. Figures {1}
and {2) represent the relation between welght loss and fime in absence and presence of
different concenirafions of Zygophyllum alburm and Zygophyllum Aegyplium exiracts.

Temperature
conc. | pgec 35°C 45°C
(ppm Corosion Corrosion Corosion
j rate IE (%) rate It (%) rate | IE (%)
mg/cmZ i) D Img/ocm2 h) D ( {mg/emz2 b D
blank 0.0206 0 0 0.02525 O 0 0.04592 0 0
50 1
0.0089 | 0.56796 | 56796 | 001336 0.45 08 | 4 7;)8 0.02672 0'4; 81 4181
10 00077 | 0.62621 | 62.621 | 001285 0'43 10 ‘49;0 0.02313 0'45 52 | 49,429
300 000451 | 078106 | 78.106 | 001028 0'5;" 28 59;;28 0.02028 0'55583 55.834
500 000211 | 089757 | 89.757 | 0D.00846 D'éf"“? ééjg 0.01491 O‘ég 17 4 43175
700 Wikie |
0002z | Y8737 g0 00| coosse | 00 L7390 1 g1esy | 06092 ) g co |
| 0 | 0 0 g J
Table 1. Colcuioted vaives of corrosion rate, inhibifion efficiency, Surface Coverage for
N80 Carbon steal coupons in 1M HCI soiutions containing Yarous Conc, n of
Ivgophylum clbum,
| con | Temperaiure
c. 2EeC I5*C 45c )
lopm Comosion } ........ Corrosion ~ Corrosion | i
rate ] £ (%) rate [ IE (%) rote L] IE (%)
) {mg/oem2 h) - Img/cmi h) [mg/om?2 h) ’
bicink 0.02064 Q 0O 0.02988 O 0] 0.05057 8] 0
0 0.01113 0‘4561 3146135 | 001336 9'52524 55042 | 0.02227 0'59590 55900
2 Relord .
100 o108 0‘55 * 150249 | 001285 | O 5 156951 | 002056 | ° 55929 59.295
. .
301 b0067¢ 0'6528 67284 | 0.00907 O"f"g Bl o815 001803 O"éj"g 64.304
T :
0 00423 | O g 52 170508 | 0.00634 O'7§7 ¢ 178760 00148 0'7559 70.695
5
700 0.00220 0'82? 35 goase | 000439 0'835“9 85293 | 001317 9‘75392 73925

Table 2. Calculated values of corosion rate, inhibition efficiency, Surface Coverage for
NBG Carbon steel coupons in 1M HCI solutions contdining Various Conc. of Zygophyiium
Aegyptium.
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Fig. 1. Weight loss-time curves for the dissolution of N80 Carbon steel in the absence and
presence of different concentrations of Zygophlium atbum at 25 °C
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Fig. 2. Weight loss-time curves for the dissolution of N80 Carbon steet in the absence and
presence of different concentrations of Zygophilum aegyptium 2t 25 °C
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3.2 potentiodynamic polarization

The notentiodynamic polarization curves for Carbon steel [(NBO) in 1 M HC solutions
containing different concentrations ptant exiracts at 20 °C are shown in Figure 3 c}r}d 4,
The intersection of Tafel regions of cathodic and anodic branches gives the corrosion
current density {icorr) and the corrosion potential (Ecor). Tables 3 and 4 show fthe
electiochemical parameters {(Ecorr, anodic and cathodic Talel stopes, pa, e, and icor,}
obidined from Tatel piofs for the Carbon Steel [NBO) alloy electrode in 1 M HCE solution
in the absence and presence of different concentrations of investigated plant extracts.
inspection of Figures 3 and 4 show that the addition of planf extracts has an
inhibitive effect in both anodic and cathodic parts of the polarization curves ond the
addition of piant extracts generally has no effect on the Ecorr value and also
decreases icor value compared to the uninhibited Carbon Steel alloy. Thus, addition of
these inhibitors recuces the Carborn Steel alloy dissolution as wel as retards the hydrogen
evaiution reaction. in addition, paraliet cathodic Tafel curves in Figures 3 and 4 show that
the hydrogen evoluiion is aciivafion-controlled and the reduction rechicanism & not
affected by the presence of the inhibifor [24]. The anodic curves of NSO Carbon Steelin

1 M HCHin the presence of plant extroct  show thot the tested compounds have no
effect ot potenticl higher than boorr, This behoavior may be the result of significant
Carbon Steel alloy dissolution leading to a desorption of the inhibiting layer. in this cose,
fhe desarption rate of the inhibitor s higher than its adsorption rote [25] 5o, 1t could be
conciuded that these compounds are of the mixed-type but dominantly acfas o
cathodic inhibitor (Be>fa) for Carbon Sieel olloy in | M HC medium, which may be
adsorbed on the cothaodic sites of the Carbon Steel alloy and reduce the evolution of
hydrogen. This imitation of inhibitory action on cathodic domain is found by different
researchers [26, 27]. The doia of Talbles 3 and 4 revealed that icor decreases
considerably with increasing  inhibitor concentration, white no definite rend was
observed in the shift of Ecomr values. The Tafel slopes show slight changes with addition of
inhilsitors, which suggests that the inhibiting aclion cocurred by simpie blocking of the
availcisle cothodic and anodic sites on Carbon Steel glioy swrfaces, The dependence of
% |E versus inhibitor concentration i also presented in Tables 3 and 4. The obifained
efficiencies indicate these investigaiaed plant exfracts act as effective inhibitor,

The order of decreasing inhibifion efficiency of the investigated compounds was found
fo be: for fygophiium extract; Aegypiium >Album.
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Figure 4. Potenfiodynamic polarization curves for Carbon Steel in 1M HCI solution
without and with various concentrations {50-700 PPM) of Zygophlium Aegypiium
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SOUTH. BRAZ. J. CHEM., Vel20 , No. 20, 2012

A. H. El-Askatary, 5. | Mostafa and A. M. Eid 85
Ccmqemratiom icorr, Ecorr, m Pa, Bc: ) " 0 IE
PPM Acm-2 | Vvs.8CE | VSCE dec-1 | VSCE dec-1
IM HCI 1.74E-03 | -5.02E-01 | 0.1691 0.1686 - -
50 6.72E-04 | -4.85E-01 | 0.1196 0.1813 0613793 | 61.37931
100 2.69E-04 | -4.86E-01 | 0.1031 0.15 (0.845402 | 84.54023
300 2.55E-64 | -4 68E-01 | 0.0918 (.144 0.853448 | 85.344828
500 2.36E-04 | -4.80E-01 | 0.094 0.1509 0.864368 | 86.436782
760 1.49E-04 | -4.836E-01 | 0.0933 G.1306 3.914368 | 91.436782

Table 3. The effect of concentrafion of the investigated Zygophlium Alourm on
the free corrosion current density (icorm), corrosion potential (Ecorr) , Tafel stopes
(Paé& pc), corrosion rate  degree of surface coverage (8 and inhibition
efficiency {% IE)for the comosion of Carbon Steel in 1 M HCHat 207

_ . . i} Ba, Be.

Concentration, | icorr, Ecorr ‘ P -

’ ' ’ SC - B % 1E
PPM Aem2 | Vs SCE | ) ochdees [ VSCE ol

I dec-]

IM HCI 1.62E-03 | -5.02E-G1 | 0.1768 0.2012 - -
50 éi‘SGE" ~4.62E-01 1 0.678] {1.1399 0.613793 | 61.37931
160 7TAYE-05 | -443E-01 | 0.06732 0.133 0.845402 | 8454023
306 5.89E-05 | -4.30E-01 | 0.0844 .126 0.853448 | 85.344828
500 5.92E-05 | -4.59E-01 | 0.0896 0.1216 0.864368 | 86.436782
760 5.88E-05 | ~4.71E-01 | 0.0827 G.1112 0.914368 | 91.436782

Table 4. The effect of concentration of the investigated Zygophilum Aegyptium
on the free corrcsion current density (icorr), corrosion potential (Ecorr) , Tafel
slopes [Paé Pc). cormrosion rate  degree of surface coverage {8} ond inhibition
efficiency (% iE}for the corosion of Carbon Steel in 1 M HCH ot 20°
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3.3, Bleclrochemical impedance speciroscopy measuremenis:

Electrochemicdl impedance speciroscopy provides a new method to
characterze the film coverage on the electrode, which is redoled fo charge tfransfer
resistance [Rot). The interfoce capacitance can also be used o determine ihe film
auality [28-32]. it is known that the coverage of an organic substance on the metal
surface depends not only on the sfructure of the organic substance and the nature of
the metdal, but also on the experimentat conditions such as immersion time and
concentration of adsorbent.

Figures 5 and 4 show the Nyguist plots for Carborn steel {NBO) in 1M HCI solution in the
absence and presence of different concentrations of plant extracts at 25 ¢ C. Al the
Impedance specita were measured ol the coresponding open-circult potential, The
fact that impedonce dicgrams have an approxdmately semi-Circuior appearance shiows
that the corrosion of Carbon steel (N80} in Ta HCL s controlled by a charge-fransfer
resistonce process. Small distortion wos observed in some diagrams. This distortion has
been attfbuted o reguency dispersion as g rasult of surace roughness, impurities,
distfocotions, grain boundaries, ond adsorpiion of inhibitors, formotion of porous loyers
and in homogenates of the elecirode surface. Inspactions of the dota reveal that each
impedance diagrom consists of o lorge capacitive loop with one capacilive fime
consiant in the Bode phase plots -Figures {5-186-1which was assigred fo presence of
oxide film on the surface of Carben Steel (NB0D) and ifs dielechic properties. The diameier
of the capacitive loop increases with increosing concentration and were indicative of
the degree of inhibifion of the comrosion process. in addition fo the high requency
capacitive loop, the semi-circles rolled over and exdended 1o the fourth quadrant, aond
psevudo-inductive loop at low freguency end was cbiserved, indicating that Faradic
process s taking place on the free electrode sites. This inductive loop is generally
attributed o the adsorplion of species resulting from the Carbon stee! dissolution and the
adsorption of hydrogen [33].

The electrical equivalent circult model (Randles circuit) shown in Figure 7 was used
to analyze the obtained impedance data. The circult consists of the solution resisiance
{Rs), the charge-transfer resistance of the interfaciol corosion recclion {Ret} and the

double loyer copacitance {Cdi}. Excellent fit with this modet was oblained with our
expenmental data.

EiS data (Tobles & and &) show that the Rt values increases and the Cdl volues
decreases with increasing the inhibitor concentrations. This is due fo the gradual
replacement of wader molecules by the adsorpiion of fhe inhibitor molecules on the
metal sufface, decreasing the extent of dissolution reaction. The high (Ret) values, are
generally associated with slowsr corroding system. The decreass in the Cdl con result
from the decreose of the local dislectic constant and/or from the increase of thickness
of the electical doubls loyer [34], suggested that the inhibitor molecules funclion by
aclsorption of the metal/solution inferface,

The % IE obtained from EiS measurements are close 1o those deduced from
polarzation. it can be seen thot the inhibition efficiency decrecses in the order:

Asgyptium> Album.
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Figure 5. Nyqguist plots recorded for Carbon Steel in 1M HCE solutions without and

with various concentrations (50-700 PPM) of Zygophyllum Album at the
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1M HCI 15.59 1.077 2.23E-04 -- --

50 52.84 1.004 1.25E-04 1 0.704958 | 70.49584
100 61.18 1.259 1.00E-04 | 0.745178 | 74.51782
300 ?6.06 8.82E-01 | 1.03E-04 | 0.837706 | 83.77056
500 124.5 9.26E-01 | 8.66E-05 | 0.874779 | 87.47791
700 149.7 ?.17E-01 | 9.70E-05 | 0.875858 | 89.58584

Table S.Hectrochemical kinetic pararmeters obtained by EIS technigue for
Carbon steel in 1MHC| soiution containing varicus concentrations of the
investigated Zygophiium Album Extract at 20°C.

BED e

Zrzst fohm)

Figure 6. Nyquist plots recorded for Carbon Steel in 1M HCI solutions without and with various concentrations
(30-700 PPM) of Zygophylivin Aegypiivm at the respective corrosion potentials and 25°C.
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Figure (6-1): Bode plots recorded for Carbon Stest in 1M HCI sclutions without and with various concentrations

{56-700 PPM) of Zvgophyllum Aegyptium at the respective corrosion potentials and 25°C.
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€k eml

iM HCH 15.59 1.077 2.23E-04 - -

30 {006 G.73E-01 1.97E-04 0.84503 84.50298
100 166.7 G.19E-01 1.63E-04 0.845184 84.51837
300 113 9.70E+02 1.86E-04 0.862035 8620354
500 147.4 4.40F-01 221E-04 0.854233 89.42334
700 1596 1.17EHG0 2.29E-04 0.502318 90.23183

Tabie 5. Electrochemical kinetic parameters obtained by EIS fechnigue for
Carbon stesl in TMHCI solution containing various concenirations of the
investigated Zygophllum Aegyptium Exiract ot 25°C.

T !
I aR R0 VS e
z

Figure 7. Electrical equivalent circuit used to fit the impedance dota.

3.4. Elecirochemical frequency modulation measurements (EFM)

The EFM is a nondestructive corrosion measurerent fechinique that can directly give
values of the comosion curent without prior knowledge of Tafel constants. Like EIS, itis @
small signat ac fechnique. Unlike ES, However, two sine waves (at different frequencies)
are appliad to the cell simultansousiy.

Studying effect of addifion of Zygophilum album and Iygoghiium Aegyotium pland
exiracts on the Carosion of (N80} Carbon steel. Intermodulation spectra obtained from
EFM measurements are presented in Figure 8 and 9 are examples of alloy in aerated 1 M
HCl solutions devoid of and containing different concentrations of plant extracts ot 25°C.
Fach spectrum is a curent response as a funchion of frequency. The two large peaks are
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the response o the 2 Hz ond 5Hz excitation frequencies. These peoks are used by the
EFra 140 software pockage to calculate the corrosion curent and Tatel constants.

The colcuioted corasion kinetic porameters at different concentrations of the
investigated extracis in 1| M HCIat 25 °C {icorm, Ba, Be. CF-2, CF-3 ond % E) are given in
Tabiles 7 and &,

From Tables (7.8}, the corrosion curent densities decrease by increasing the
concentration of investigated playt extracts and the inhibition efficiencies incraase by
increasing investigated plant extracts concenirations. The coausality factors in Tables
(7.8)are very close o theoretical values which according to EFM theory should
guarantes the validity of Todel! slopes and comosion curent dengities. Vailues of causality
factors in Tables (7,8) indicate hat the measured dota are of good qudlity. The standard
values for CF-2 and CF3 are 2.0 and 3.0, respectively. The deviation of cousality factors
from their idedl values might due to the perturbation amplitude was too small or the
resolution of the freguency spectrum is not high enough also another possible
expianation that the inhibitor is not performing very well. it can be seen that the inhibition
etficiency slightly decreases in the order: Aegyptium > Album. The oblained results
showed good agresment of inhibition efficiency obtained with the Potenticdynamic
potarization, FIS and FFM methods.
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Figure 8. Infermodulaiion spectrum for Carbon steel in 1 M HC solutions without
and with various concentrations (50-700 PPM} of Zygophyilum Album at 25°C.
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A, H, Ef-dskalany, 5. §. Mostefa and A, M, Xig #!
Concentrafi | icom, |  Ba Be, Cousalit | Cousalit | C.R. ) % IE
on, PPM pA cr mMvsce mVsce y Factor | y Factor | mpy
2 dec dec’! (2) 67 R R I |

T M HCI 799 .4 0.1072 0.1388 1.559 2074 365.3 - -
50 361.8 0.0761 0.1022 1.874 2.978 V65.3 | 0.547 | 547
100 274.3 0.0585 0.0798 1,439 1.155 1253 | 0.657 | 657
300 215.1 0.0746 0.1127 1.891 3.067 | 9831 10731 | 73.1
500 172 0.0935 0.1087 1.592 2.685 78.6 10785 | 78.5
700 126.5 0.08046 0.0984 1.926 4.218 57.8 1 0.842 | 84.2

Table 7. Electrochemical kinetic parametears obtained by EFM technigue for
Carbon Steel in 1M HCl solutions containing various concentrations of the

investigated Zygophylium album plant extract at 25°C.
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Figure 9. Infermodulation specirum for Carbon steel in 1 M HC solutions without

and with various concentrations (50-700 PPM] of Zygophyilum cegyptium of

25°C.
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i) Green fnkibitors Jor Corrosivn Profection ef Carbon Steel
Concentrat iccn, Pa, Be, Causality | Causalit | CR. &
on, PPM WA cm? mVsce mVsce Facior (2} | y Factor | mpy
dec et (3)
1 M HCI 799.4 0.1072 0.1388 1.559 2.074 3653 -
50 2229 0.103¢9 0.1132 1.292 6.254 101.8 | 0.72
12
100 218.9 0.0871 0.1312 1.914 3.142 100 | 072
62
300 2008 0.0987 0.1220 1.807 3.071 ?1.75 | 0.74
' 88
500 151.3 0.1021 0.1161 1.957 3.235 69.14 | 0.8]
07
700 123.6 0.1077 0.1599 1.932 3.97 5647 | 0.684
54

Table 8.Electrochemicat kinetic parameters obloined by EFM technique for
Carbon Steel in 1M HC salutions contdining varncous concentralions of the
investigated Zygophylium aegyptium plant extract at 25°C.

3.5. Adsorpfion isotherms:

(It is generaily assumed that the adsorption of ihe inhibitors on the metal surfoce is the
essential step in the inhibition mechanism [491 To determine the adsorplion mode,
various isotherms were fested and the Langmuir mode was the best Fitted, given by Eq.

(7) 135}
8/1-8=KaC (7)

whaere & is the surface coverage, C is the inhibitor concentration {g/L} and Kais the
equiibnum constont of adsorpiion process and is relcted fo the standard free energy of
adsorption AG%ws by the equation:

Ka= 1/55.5 exo FAG e /RT) (8]

The value of 55.5 is the concentration of woter in solution expressed in mole ger Bter, R is
the universal gas constant and Tis the absolute temperciure, The Weight loss results were
used to calcuiate the adsorpiion isctherm paraometers. The surface coverage 8 dalc are
very useful while discussing the adsorption characterstics. The plot of C/ 6 ve. © for ol
investigated Compounds gave a straight ine (Figure 10} choracteristic of the Langrmulr
adsorption isotherm. The caiculoted AG ads valuss, using 8), were also given in Table {9).
AG expressed in kd mol-1 adserbed. The negative values of AG%aq ensure the
spontaneity of the adsorption process and the stability of the adsorbed loyer on the N30
carbon sigel surface. It is well known that values of AG%ads of the order of 40 kd mol-1 o
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higher involve charge sharing o fransfer from the inhibitor molecuies to metal surface o
form coordinate type of bond (chemisorptions); those of order of 20 kJ mol-1 or lower
indicate o physisorption. [36-3%].

0.9 -
{ |—=— Album |

%81 |- Aegyptium|

0.7

G.S-:

4.5 —

Ci{giLy /o
o
I
i

0.1 ‘ 0.2 K 0.3 ! 0.4
Clg/Ly

0.5 0.6

0.7

0.8

Figure 10 . Curve fitting of comrosion data for N80 carbon steel in 1M HCl in the
presence of different concentrotions of Zygophylum album and Zygophyllum

gegyptium exiracts fo Langmuir adsorption isotherm atf 25° C.

Langmuir lsotherm

inhibitor :
! K “AG’OQGS
Zygophylium album 0.04%3 20.2968 17.0272
Zygophyium 0.0928 10.7721 15.4907
aegyplium

Table 7. Eguilibrium constant and adsorption free energy of the investigated
compounds casorbed on N80 carbon steel surface.

The calculated AG%aqs values {Table 9) are less negative than -20 kJmol-1
indicate, therafore, that the adsorption mechanism of the investigoted extract
on NBO carbon steetin 1 M HCI solution is typicat of physisorpiion.
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3.6. Effect of temperofure and oclivalion parameters of inhibifion process:

The influence of temperature on the corrosion rate of N8C carbon steel in 1 M HCHin the
absence and prasence of a various range of the tested plant extracts was investigated
by the Weight loss fechnigue in femperature range 25, 35 and 45 °C

The dependence of comrosion current density on the temperature can be expressed by
Arrhenius equ‘aﬂon:

f'.r;urr = ﬁ’xP (“Ea / RT} (/9)

Where A is the pre-exponential factor and Eqo™ is the apparent activaiion energy of the
corrosion process, Tables {10&11) showed that the value of Eq” for inhibited solution is
higher than that for uninhibited solution, suggesting that dissolution of Alls slow in the
orasence of inhibitor, 1 is known from Eq. (9} that the higher By values lead 10 the lower

corosion rate.

Enthalpy and entropy of activation (AHY, A5*) of the corosion process were calcuiated
from the Fronsifion state theory -Tables (10&11]:

Rade (icon) = [RT/ NR) exp (ASY/R} ﬂxp [-AHRT) {10}

where his Plonck’s constant and N is Avogadio's number, A plot of log {K,Cl“’/f Tws, /T
for Alin 1 8 HCHor the investigated exiracts | gives straight ines as shown in Hgure
(12514}, Values of Ak* gre posifive. This indicates that the corosion process is
endaothermic ong The entropy of activation s lorge and negative. This implies that the
actlivated complex represents assaciation rather than dissocialion step |, indicating that a
decrease in disorder tokes ploce, going from reactonts 1o the activated complex [57].

E —— 1M HCI
. . & +100 ppm|
oA ] \ -+ 300 ppm
| ——— g +500 ppmJ
& \ﬂ\ - +700 pom
4.6 -] o pp
—_ 184 T .
i e -
V] .
o -2.0 T
= .
£ .29 4 E
4
g v
=24
o
-2 B
-2.8 ¥ T ¥ ¥ T ¥ 1 T
315 3.20 325 3.30 3.35

UT X10° (K-1)

Figure 11 . log k [corrosion rate) — /T curves for N8O carbon steel dissolution in 1
M HClin the absence and presence of Various conc. Ronge of Zygophylium
album extract.
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Figure 12, log k {comosion rate} /T~ 1/T curves for N80 carbon steel dissolution in |
M HCHin the absence and presence of Various cone. Range of Zygophytium
alpum exiroct.

Species : Iygophviium album
conc. # .
E I3 4 i * -1 -AS**
a o KImol | Al ) mol ol
Tht HCI 592 3.56 40.16
56 ppm 5.42 4.94 36.69
100 ppm 5.33 4.84 3717
300 ppm 7.7 6.68 | 31.62
500 ppm 569 ?.21 23.96
700 ppm 924 8.75 25.6]

Table 10, Activation parametars of the corrosion of N80 carbon steel in TM HCI
ot various concentrafion ranges of Zyvgophylium allbbum extroct.
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Figure 13 . log k {corrosion rate) - 1/T curves for N8O carbon steel dissolution in 1
M HClin the cbsence and presence of Various conc. Range of Ivgophylium
Aegyptium exiract
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Figure 14 . log k [corrosion rate} /T~ 1/T curves for N80 carbon steel dissolution in 1
M HCHin the absence and presence of Various conc. Range of Zygophylium
Aegyplium extract.
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Species : Iygophyllum Aegyptium
conc. * - 4| as,
EG ' I;J mol AH, kJ mol i I mol4Ka
1M HCI 592 3.56 4014
50 ppm 3,49 3.01 42.99
100 ppm 3.45 2.97 43.22
3C0 pom 4,91 4.43 38.93
500 ppm 6.23 575 35.13
700 ppm 8.80 8.32 27.33

Table 11 . Activation parameters of the corrosion of N8O carbor stesl in TM HCI
ot various concentration ranges of Zygophyllum Aegyptium extract.

4. GENERAL CONCLUSIONS

Zvgophvilum album and Ivgophylum oegyptiurm exfracts acts as inhibitors for N80
carbon steei corosion in 1M HCI salution. The comrasion process is inkisited by adsorption
of the exiract species on the NBD carbon steel surface following the Langmulr isothernr,
The resulls suggested the use of Iygophylium Aegyptium s o corosion inhibitor becouss
It has more resistance for femperature changes than Zygophvilum album exdract.
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