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GREEN INfHBITORS FOR CORROSION PROTECTION OF 
N80 CARBON STEEL IN lM HCl AQUEOUS SOLUTIONS 

ABSTRACT 
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Mansonra University, 33516 Mansoum, EGYPT 

The inhibitive action of Saponinic extract of both Zygophyl/um album and lygophyllum 
oegyptium leafs which could serve as eco-friendly materials wos investigated on the 
corrosion of N80 carbon steel in 1 M /-IC! solution . The techniques employed for study were 
weight loss measurements. potentiodynamic polarization. electrochemical frequency 
modulation iEFM) and electrochemical impedance spectroscopy (EIS}. The results 
obtained show that these extracts could serve as effective inhibitor for NBO corbon steel. 
rhe percentage inhibition increases with increosing concentrolion of the inhibitor at 25 °C 
The percentage inhibitor efficiency above 90% was obtained at concentration of 700 ppm 
for both extracts. The corrosion rates of steel and inhibitive efficiencies obtoined from 
impedance and polarization measurements were in good ogreement with those obtained 
from weight loss measurements. Potentiodynomic polarization studies clearly reveal f11at 
both extrocts act os mixed type inhibitor The study shows that the inhibition efficiency 
decreased with temperature rise of the medium. Heat of adsorption (flHod,) and 
thermodynamic parameters (flG} and (flS) indicated that the adsorption process is mainly 

controlled by physical adsorption process. 
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RESUMO 

A inlblr;:oo do corrosoo do ar;:o carbono NBO foi estudoda no presenr;:o de extrotos 
saponinicos de folhos de Zygophyl/um album e Zygophyllum aegypfium em solui;:oo 
oquosa de /-IC/. Forom usodas tecnicos de perda de peso. polariwr;:oo 
potenciodinomico. modulor;:oo do freqOencio eletroquimica e espectroscopio de 
impedoncio eletroquimico, Os resultados experimentais mostroram que os extratos soo 
eficientes no inibir;:oo do corrosoo. O processo de inibi<;:oo depende do concentror;:oo de 

extrato e do temperature, 
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1 -INTRODIJCTION 

Chemical inhibitors play an important role in the protedion and mitigation strategies for 
retarding corrosion ( 1), Most acid inhibitors are organic compounds containing nitrogen, 
oxygen and/or sulpher. These compounds are adsorbed on the metallic surface, 
blocking the active corrosion sites (2-5). Due to the negative effects of these compounds 
caused in the environment (6), the development of novel corrosion inhibitors of natural 
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 plant extracts. which have been reported lo have generally good 
inhibition efficiencies for carbon steel (8-16) and for other metals like tin ( l 7), copper ( 18), 
aluminum ( 19-20) and zinc (21). The aqueous extract of one of the plants under 
investigation (Zygophylium album) has been formerly investigated far X52 Mild Steel in 
sulfuric acid (22). However, the constituents that provide inhibitive action, the 
mechanisms and 1 he best condition for inhibition are still unclear. 

As a contribution to the current interest on eco- friendly, green, corrosion inhibitors, the 
present study investigates the inhibiting effect of saponin extracts of the leafs of 
Zygophyilum aegyptium, which grows in the deltaic Mediterraneon coos! of Egypt [23) 
and Zygophyllum olbum on NSO carbon steel corrosion in l M HCI . 

2. EXPERIMENTAL 

2 • 1. Preparation of plant extracts 
Zygaphyllum album and Zygophyllum aegyptium leaves which grow in the deltoic 
Mediterranean coast of Egypt were collected. These were crushed and extracted using 
methanol. The methanol crude extracts were partitioned against several solvents like 
petroleum ether. ethyl acetate and dichlaromelhane using a separatory funnel to get a 
high polar compound crude extract and passed through a diion column using methanol 
to get a moderate polar compound crude extract followed by the addition of acetone in 
order to get the crude saponien fraction . Plant extracts test solutions were prepared at 
concentrations of 50, l 00, 300, 500 and 700 mg/L. 

2.2. Specimen preparation 

Al metal was provided from the pipeline Casing of "Mansoura Petroleum Company, 
Mansoura Fields•' . Its chemical composition is (0.423) C. (0.203) Si, (1.03%) Mn, (0.012%) 
P, [0.0073) S, (0.0193) Cr, (0.002%) Ni, [0.005%) Ti, (0.043) Cu and Fe balance. Coupons 
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were cut into 2 x 2 x l cm dimensions used for weight loss measurements, whereas 

specimens with 1 x 1 x 1 cm dimensions, sealed by polyester resin, leaving a surface area 

of 1 cm 2 , were used as working electrode for polarization, EFM and EIS measurements. 
The surfaces of the sample were mechanically polished by grit silicon carbide paper 
progressively up to 1200 mesh, rinsed with acetone washed with bidistilled water and then 
dried before each experiment. 

2.3. Solutions preparation 
All chemicals and reagents were of analytical grade. A 1 M HCI stock solution was 
prepared by dilution of 373 HCI using distilled water. The concentration range of the 
employed extracts was varied from 50 to 700 mg/I. 

2.4. Weight loss measurements 
Weight loss study was carried out at 25, 35 & 45 °C for 3 hours time duration in HCI 
solution. The inhibition efficiency (IE) is determined by following equation: 

IE (I- [Wi I WIJ}) x JOO (l) 

Where Wo and w, are the weight loss values in absence and in presence of inhibitor. 

2.5. Polarization mea:wrements 

Potentiostatic polarization studies were carried out using a typical three-comportment 
gloss cell consisted of the Iron specimen as working electrode with an exposed working 
area of l .0 cm2 , saturated caiomel electrode (SCEj as a reference electrode and a 
platinum foil ( 1.0 cm2) as a counter electrode. The reference electrode was connected 
to a Loggin capillary to minimize IR drop. The cells were under athmospheric conditions 
without stirring and at the room temperature. All potential values were reported versus 
SCE. Prior to every experiment, Tafel polarization curves were obtained by changing the 
electrode potential automaticoliy from -500 to 500 mVSCE at open circuit potential 
with a scan rote of 5 mVs-1. Stern-Geary method used for the determination of corrosion 
current is performed by extrapolation of anodic and cathodic Tafel lines of charge 
transfer controlled corrosion reactions to a point which gives log{ lcorr) and the 
corresponding corrosion potential (Ecorr) for inhibitor free acid and for each 
concentration of the used inhibitors. Then (icm) was used for calculation of inhibition 
efficiency and surface coverage (8) as below: 

%/E = (/- ficwr(inh)/ icorr(fi·ee) }) xJOO 
() =.l- {icorr(inh)/ icorr(free)} 

(2) 
(3) 

Where icorr (heel and icmc linhi are the corrosion current densities in the obsence and 
presence of inhibitor 
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2.6. Eleclrochemical impedance spectroscopy (EIS) 

Impedance meosuremenis were carried out in frequency range from 100000 Hz to 0.5 Hz 
with amplitude of 10 mV peak-to-peak using Ac signals at open circuit potential. The 
experimental impedance were analyzed and interpreted on the basis of the equivalent 
circuit. The main parameters deduced from the analysis of Nyquist diagram are the 
resistance of charge transfer Rct (diameter of high frequency loop) and the capacity of 
double layer Cd1 which is defined as: 

Cd! ~11 (2 Ttjinax Rel) (4) 
Where jinax, is the frequency at which the imaginrny component of the impedance is 
maximal 

The inhibition efficiencies and the surface coverage (0) obtained from the impedance rr1easurements are 
defined by the following relations: 

%IE - (!- fR"jR,.,]j x Jilli 

Oii ,/ll,c] 

(5j 

(6! 

are the charge 1rnnsfor resistance in the absence and presence of inhibitor, 

2. l. Electrochemical frequency modulation 

Electrochemical frequency modulation. EFM. was carried out using two frequencies 2 
and 5 Hz. The base frequency was 0. l Hz. so the waveform repeats a!ier l s. The higher 
frequency must be at least t010 times the lower one. Tr1e higher frequency must also be 
sufficiently slow that 1he charging of the double layer does not contribuie lo \he current 
response. Often. 10 Hz is a reasonable limit. The lnlermodulaHon spectra contain current 
responses assigned for harmonica! and Intermodulation current peaks. The larger peaks 
were used to calculate the corrosion current density {lcorr). the Tafel slopes (l)c and !)a) 
and the ca1Jsality factors CF2& CF3 

J. RESULTS AND DISCUSSION. 

3. l Weight loss measurements: 

The corrosion rote and inhibition efficiency for N80 carbon steel in 1 M HCI Solution at 25 
0 C. 35 °C and 45 °C in the absence and presence of the Zygophyllum album and 
Zygophyllum Aegyp1ium extracts are given in Table (1) and Table (2). It is indicated that 
inhibitions efficiency for N80 carbon steel increases with !he increase of the inhibitor 
concentration up to 89.323 for both Zygophyllum album and Zygophyllum Aegyptium at 
25°C. As the temperature increases the inhibition efficiency decreases. At 35 and 45 °C 
maximum inhibition efficiencies of 73.903 and 66.533 is observed for Zygophyllum album 
, but lor Zygophyllum Aegyptium extract the maximum inhibition efficiencies were 
85.293 and 73.933 obtained in 1 M HCI solution containing 700 ppm for both plants 
extracts. This indicates that Zygophyilum Aegyptium extract as a corrosion inhibitor has 
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more resistance for temperature changes than Zygophyllum album extrad. Figures ( l) 
and (2) represent the relation between weight loss and time in absence and presence of 
different concentrations of Zygophyllum album and Zygophyllum Aegyptium exlrads. 

Temperature 
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Table I. Calculated values of corrosion rate, inhibition efficiency, Surface Coverage for 
N80 Carbon steel coupons ln l M HC! solutions containing Various Cone. n ol 
Zygophyllum album. 
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Table 2. Calculated values of corrosion ro1e. inhibition efficiency, Surface Coverage ior 
N80 Carbon steel coupons in IM HCI solutions containing Various Cone. of Zygophyllum 
Aegypiium. 
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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 Zygophllum album at 25 °C 
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Fig. 2. Weight loss·time curves for the dissolution of N80 Carbon steel in the absence and 

presence of different concentrations of Zygophllum aegyptium at 25 °C 
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3.2 Potentiodyrmmic polarization 

The polentiodynamic polarization curves for Carbon steel (l'l80) in 1 M HCI solutions 
containing different concentrations plant extracts at 20 °C are shown in Figure 3 and 4. 
The intersection of Tatel regions of cathodic and anodic branches gives the corrosion 
current density (icorr) and the corrosion potential (Ecorr). Tables 3 and 4 show the 
electrochemical parameters (Ecorr, anodic and cathodic Tafel slopes, (la, (le. and icorr,) 
obtained from Tafel plots for the Carbon Steel (N80) alloy electrode in 1 M HCI solution 
in the absence and presence of different concentrations of investigated plant extracts. 

Inspection of Figures 3 and 4 sr1ow that the addition of plant extracts has on 
inhibitive effect in both anodic and cathodic parts of the polarization curves and the 
addition of plant extracts generally has no effect an the Ecorr value and also 
decreases icorr value compared to the uninhibited Carbon Steel alloy. Thus. addition of 
these inhibitors reduces the Carbon Steel alloy dissolution os well os retards the hydrogen 
evolution reaction. In oddition, parollel cathodic Tafel curves in Figures 3 ond 4 show that 
the hydrogen evolution is aciiva·rion-cantralled and the reduction mechanism is not 
offected by the presence of the inhibitor [24]. The anodic curves of NBO Corban Steel in 

l M HCI in the presence of plant extract show thot the tested compounds hove no 
effect at potential higher 1hon Ecorr, This behavior may be the result of significont 
Carbon Steel olloy dissolution leading to a desorption of the inhibiting layer. In this cose. 
the desorption rote of the inhibitor is higher thon its adsorption rate [25]. So, it could be 
concluded thot these compounds ore of the mixed-type but dominontly oct as a 
cothodic inhibitor {(lc>(la) for Carbon Steel alloy in l M HCI medium, which may be 
odsorbed on the cathodic sites of the Carbon Steel alloy and reduce the evolution of 
hydrogen. This limitation of inhibitory oction on cothadic domain is found by different 
researchers [26, 27]. The dato of Tables 3 and 4 revealed thot icorr decreases 
considerobly with increasing inhibitor concentration, while no definite trend was 
observed in the shift of Ecorr volues. The Tofel slopes show slight changes with addition of 
inhibitors. which suggests thot the inhibiting action occurred by simple blocking of the 
availoble cathodic and anodic sites on Carbon Steel allay surfoces. The dependence of 
3 IE versus inhibitor concentrotion is also presented in Tables 3 and 4. Tl1e obtoined 
efficiencies indicate these investigated plant extracts act os effective inhibitor. 
The order of decreasing inhibifion efficiency of the investigated compounds wos found 
to be: for Zygophllum extroct: Aegyptium >Album. 
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Figure 3. Po1entiodynamic polarization curves for Carbon Steel in 1 M HCI solution 
without and with various concentralions {50-700 PPM) of Zygophl/um album at 
2o·c. 
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Figure 4. Potentiodynamic polarization curves for Carbon Steel in 1 M HCI solution 
without and with various concentrations (50-700 PPM) of Zygophllum Aegyptium 
at 2o·c. 

50DCnN 



SOUTH. BRAZ . .J. CHEM., Vol.20, No. 20, 2012 

A. ll. El-.4sArala!ny, S. l. Mostafa am! A. M. Eid 
85 

Table 3. The effect of concentration the investigated Zygophllum Album on 
the free corrosion current density (icorr). corrosion potential (Ecorr) , Tofel slopes 
[pa& pc), corrosion rate ,degree of surface coverage (8) and inhibition 
efficiency [3 IE) for the corrosion of Carbon Steel in 1 M HCI ot 20' 

!concentration, 

.... ~-·---·~·-·~-"""~·-.-·-----r;;-"" 
. E I ~a. · ~c. ·1%lE I 

PPM 
icorr, 'l ~corr.. ; i VSCE dee- VSCE 
A cm-~ V vs.SCE j 1 dee- 1 
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J l .50E-
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05 

"'""' -·-·--·~·-
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~- --~--- - -- ___ ,,_ -
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Table 4. The effect of concentration of the investigated Zygophllum Aegyptium 
on the free corrosion current density [icorr), corrosion potential (Ecorr) , Tafel 
slopes (po& pc), corrosion rate ,degree of surface coverage (8) and inhibition 
efficiency (% IE)for the corrosion of Carbon Steel in 1 M HCI at 20° 

, 
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3.3. Electrochemical impedcmce spectroscopy mea$ureme11ts: 

Electrochemical impedance spectroscopy provides a new method 1o 
characterize lhe film coverage on the electrode, which is related to charge transfer 
resistance [Rct). The interface capacitance can also be used to determine ihe film 
quality [28-32]. Ii is known that the coverage of an organic substance on the metal 
surface depends not only on the structure of the organic substance and the nature of 
the metal, but also on the experimental conditions such as immersion time and 
concentration of adsorbent. 
Figures 5 and 6 sr10w the Nyquist plots for Carbon steel (NBO) in l M HCI solution in the 
absence and presence of different concentrations of plant extracts at 25 ° C. All the 
impedance spectra were measured at the corresponding open-circuit potentials. The 
fact that impedance diagrams have an approximately semi-circular appearance shows 
that the corrosion of Carbon steel (NBO) in 1 M HCI is controlled by a charge-transfer 
resistance process. Small distortion was observed in some diagrams. This distortion has 
been attributed to frequency dispersion as a result of surtoce roughness. impurities. 
dislocotions. groin boundories. ond adsorption of inhibitors, formation of porous layers 
and in homogenates of trie electrode surfoce. Inspections of the do to reveal thot each 
impedonce diagram consists of a large capocitive loop with one copocilive time 
constant in the Bode phase plots -Figures (5-l &6-1 )·which was ossigned to presence of 
oxide film on the surface of Carbon Steel INBO) and its dielectric properties. The diometer 
of the copocitive loop increases with increasing concentration and were indicative of 
the degree of inhibition of the corrosion process, in oddition to the high frequency 
capocitive loop, the semi-circles rolled over and extended to the fourth quadrant, and a 
pseudo-inductive loop al low frequency end wos observed. indicating tr,at Fmadic 
process is taking ploce on 1he free electrode sites. This inductive !oop is generally 
ottributed to the odsorption of species resulting from the Corbon steel dissolution ond the 
odsorption of hydrog_en [33]: 

The electrical equivalent circuit model (Randles circuit) shown in Figure 7 was used 
to analyze the obtoined impedance dato. The circuit consists of the solution resistonce 
(Rs), the chorge-transfer resistonce of the interracial corrosion reoction (Rel) and the 

double loyer capacitance (Cdl). Excellent fit with this model was obtained with our 
experimental data. 

EIS doto (Tables 5 and 6) show thct the Rd volues increoses ond the Cdl volues 
decreases with increosing the inhibitor concentrations. This is due to the grodual 
replacement of woter molecules by the adsorption of the inhibitor molecules on the 
metol surfoce, decreosing the extent of dissolution reaction. The high (Rel) values, ore 
generally ossociated with slower corroding system. The decrease in the Cdl con result 
from the decrease of the locol dielectric constont ond/or from the increase of thickness 
of the elec1ricol double loyer [34], suggested thot the inhibitor molecules funclion by 
odsorption ot the metal/solution intertoce. 

The 3 IE obtoined from EIS meosurernents ore close to those deduced from 
polorizotion. it con be seen that the inhibition efficiency decreases in the order: 
Aegyptium> Album. 
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Figure 5. !~yquist plots recorded for Carbon Steel in 1 M HCI solutions without and 
with various concentraiions (50-700 PPM) of Zygophyllum Album at the 
respedive corrosion potentials and 20'C. 
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Figure (5- l j. Bode plots recorded for Carbon Steel in 1 M HCI solutions without 
and with various concentrations (50-700 PPM) of Zygophyllum Album at the 
respective corrosion potentials and 2o·c. 
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Table 5.Electrochemical kinetic parameters obtained by EIS technique for 
Carbon steel in 1 MHCI solution containing various concentrations of the 
investigated Zygophllum Album Extract at 2o·c . 
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Figure 6. Nyquist plots recorded for Carbon Steel in 1 M liCl solutions without and with various concentrations 
(50-700 PPM) ofZygopbyllum Aeb'Yptium at the respective corrosion potentials and 25"C. 
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Figure (6-1): Bode plots recorded for Carbon Steel in !M HCI solutions without and with various concentrations 
(50-700 PPM) of Zygophyllum Aegyptium at the respective cotwsion potentials and 25 ·c. 
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'--------~----~-------~ 

Table 5. Electrochemical kinetic parameters obtained by EIS technique for 
Carbon steel in 1 MHCI solution containing various concentrations of the 
investigated Zygophllum Aegyptium Extract at 25'C. 

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

3.4. Electrochemical frequem::y mod1.1latiori measurements (EFM) 

The EFM is a nondestructive corrosion measurement 1echnique that can directly give 
values of the corrosion current without prior knowledge of Tafel constants. like EIS, it is a 
small signal ac technique. Unlike EIS. However, two sine waves (at different frequencies) 
are applied to the cell simultaneously. 

89 

Studying effect of addition of Zygophllum album and Zygophllum Aegyptium plant 
extracts on the Corrosion of (N80) Carbon steel. .Intermodulation spectra obtained from 
EFM measurements are presented in Figure 8 and 9 are examples of alloy in aerated l M 
HCI solutions devoid of and containing different concentrations of plant extracts at 25'C. 
Each spectrum is a current response as a function of frequency. The two large peaks are 
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the response to the 2 Hz ond 5Hz excitation frequencies. These peaks are used by the 
EFM 140 software package lo calculate the corrosion current and Tafel constants. 

The calculoted corrosion kinetic parameters at diilerent concentrations of the 
investigated extrocts in ! M HCI at 25 °C (icorr. f\a, fie. CF-2. CF-3 and 3 IE) are given in 
Tables 7 and 8. 

From Tables (7,8), the corrosion current densities decrease by increasing the 
concentration of investigated plant extracts and the inhibition efficiencies increase by 
increasing investigated plant extracts concentrations. The causality factors in Tables 
(7,8)are very close to theoretical values which according to EFM theory should 
guarantee the validity of Tafel slopes and corrosion current densities. Values of causality 
factors in Tables (7,8) indicate that the measured data ore of good quality. The standard 
values for CF-2 and CF-3 are 2.0 and 3.0, respectively. The deviation of causality factors 
from their ideal values might due to the perturbation amplitude was too small or the 
resolution of the frequency spectrum is not high enough also another possible 
explanation that the inhibitor is not performing very well. It con be seen that the inhibition 
efficiency slightly decreases in the order: Aegyptium > Album. The obtained results 
showed good agreement of inhibition efficiency obtained with the Potenliodynamic 
polarization, EIS and EFM methods . 
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Figure 8. Intermodulation spectrum for Carbon steel in 1 M HCI solutions without 
and with various concentrations (50-700 PPM) of Zygophyllum Album at 25°C 
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r CocoeCtiati ''°" 1!;-r-;::~1 coO;olit COC10lii[c~181 % IE I 
'. ;:';~- ";,~:J_· ~; . -~~;. , :~!:°' ~JgJ'.oc I :~ - I .. _J 

---

50 36 1.8 0.0161 0.1022 L87 4 2.978 , 165.3 o.547 I 54.7 

100 274.3 0.0585 0.0798 1.439 1.155 125.3 o.657 I 
' 

300 215. l 0.0746 0.1127 1.891 3.067 98.31 0.731 

500 172 0.0935 0.1087 1.592 2.685 78.6 0.785 

700 126.5 0.0806 0.0984 1.926 4.218 57.8 0.842 

Table 7. Electrochemical kinetic parameters obtained by EFM technique for 
Carbon Steel in 1 M HCI solutions containing various concentrations of the 
investigated Zygophyllum album plant extract at 2s·c. 
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Figure 9. Intermodulation spectrum for Carbon steel in 1 M HCI solutions without 
and with various concentrations (50-700 PPM) of Zygophyilum aegyptium at 
25°C. 
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Concentrati icon, f'\o, ·---~~-----Causality I causaii11 CR. 
mVscE mVscE Factor (2) 1 y Factor I mpy 

8 %IE 
on, PPM µA cm2 

dee~·-'-"---"d""ec 1 
. . .. ·~ @L__j.. ___ ._,_ _ _... __ __.., ----

1 M HCI 799.4 0.1012 0.1388- - 1 .559 
1

-2.014 I 365.3 - -

50 222.9 0.1039 0.1132 1.292 6.254 101.8 0.72 72.12 
12 

100 218.9 0.0871 0.1312 1.914 3.142 100 0.72 72.62 ' 

300 
-------l-'-=--J---

200.8 0.1220 l .807 ' 

500 151.3 0.1021 0.1161 1.957 

700 
I 

123.6 I 0.1077 0.1599 1.932 3.97 i 56.47 Oo;4 84.54 

l ~ . 
L-------'-·--..... -~ .... -~·-·- -···---·-~--~· ·-·--,--~-·-- __ ,,,,_, ___ , ___ ~··-~·-·-- _,_c....... __ .., _____ _] 

Table 8.Electrochemical kinetic parameters obtoined by EFM technique for 
Carbon Steel in 1 M HCI solutions containing various concentrations of the 

investigated Zygophyl!um aegyptium plant extract at 25'C 

3.5. Adsorption isotherms: 

(it is generally assumed thot the adsorption of the inhibitors on the metal surface is the 
essenHal step in the inhibition mechanism [49]. To determine the adsorption mode, 
various isotherms were tested and the Langmuir mode was the best Fitted, given by Eq. 
(7) [35]: 

GI 1· 8 = l(a C (7) 

where 8 is the surface coverage, C is the inhibitor concentration (g/L) and Ka is the 
equilibrium constant ot adsorption process and is related to the standard free energy of 
adsorp1ion 6G0

ad' by !he equation: 

Ko= 1/55.5 exp H'>G0 acidRT) (8) 

The value of 55.5 is !he concentration of water in solution expressed in mole per liter, R is 
the universal gos constant and Tis the absolute temperature. The Weight loss results were 
used to calculate the adsorption isotherm parameters. The surface coverage 8 data are 
very useful while discussing the adsorption characteristics. The plot of Cl 8 vs. C for all 
investigated Compounds gave a straight line (Figure 10) characteristic of the Langmuir 
adsorption isotherm. The calculated 6G0 ads values, using 8), were also given in Tobie (9). 
6G expressed in kJ mol- l adsorbed. The negative values of 6G0 ad' ensure the 
spontaneity of the adsorption process and the stability of the adsorbed layer on the N80 
carbon steel surface. It is well known that values of 6G0 ods of the order of 40 kJ mol-1 or 
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higher involve charge sharing or transfer from the inhibitor molecules to metal surface to 
form coordinate type of bond {chemisorptions); those of order of 20 kJ mol-1 or lower 
indicate a physisorption. [36-39]. 
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Figure l 0 . Curve fitting of corrosion data for N80 carbon steel in 1 M HCI in the 
presence of different concentrations of Zygophyllum album and Zygophyllum 
oegyptium extracts to Langmuir adsorption isotherm at 25° C. 

ibitor 
I Langm~ir Isotherm 

K -D..G 0
ads I 

lnh 

llumalbum Zygophy 

Zygo 
aeg 

phyllum 
'ii::>iium 

0.04931 

0.0928 
I 

20.2968 17.02~~ 
10.7721 15.4922 

I 

Table 9. Equilibrium constant and adsorption free energy of the investigated 
compounds adsorbed on N80 carbon steel surface. 

The calculated L'.G0 ods values (Table 9) are less negative than -20 kJmol-1 
indicate, therefore, that the adsorption mechanism of the investigated extract 
on N80 carbon steel in 1 M HCI solution is typical of physisorption. 
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3.6. Effect of temperature and activation parameters of inhibition process; 

The influence of temperature on the corrosion rote of N80 carbon steel in l M HCI in the 
absence and presence of a various range of the tested plant extrocts was investigated 
by the Weight loss technique in temperature range 25, 35 and 45 °C 
The dependence of corrosion current density on the temperature can be expressed by 
Arrhenius equation: 
i,,,,, ~A exp (-E,; I RT) (9) 
Where A is the pre-exponential factor and Ea" is the apparent activation energy of the 
corrosion process. Tobles ( 10& 11) showed that the value of Ea" for inhibited solution is 
higher than that for uninhibited solution. suggesting that dissolution of Al is slow in the 
presence of inhibitor. 11 is known from Eq. [9) that the higher Ea" values lead to the lower 
corrosion rate. 

Enthalpy and entropy of activation lbH*, Ll.S*) of the corrosion process were calculated 
from the tmnsition state theory -Tables (10& 1 ! ): 
Rate (icon) (RT/ Nh) exp [bS*/R) exp (-bH*/RT) (10) 
where his Planck's constant and i'i is Avogadro's number. A plot of log (icorr/ T) vs. l / T 
for /\I in 1 f,A HCI for the investigated extracts , gives straight lines as shown in Figure 
(I 2& i 4). Values of .61-1* ore positive. This indicates that the corrosion process is 
endothermic one Jhe entropy of activation is large and negative. This implies that the 
octivated complex represents association rather than dissociation step , indicating that a 
decrease in disorder takes place, going trorn reactants to the activated complex [57]. 
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Figure 1 l . log k (corrosion rate) - l /T curves for N80 carbon steel dissolution in l 
M HCI in the absence and presence of Various cone. Range of Zygophyllum 
album extract. 
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Figure i 2 . log k (corrosion rate) /T - l /T curves for N80 carbon steel dissolution in l 
M HCI in the absence and presence of Various cone. Range of Zygophyllum 
album extract. 

i -----~t-S=p=e=c=1-·_e_=s_~·=Z=y-g:o~-p=h=y=ll-u_-m~~a_--l_b~u=m========--~_ 
cone. * Ea , kJ mor Li.I:-(, kJ mar' -~S·. 

1 J moJ.1K.1 

l M HCI 5.92 

Table l O . Activation parameters of the corrosion of N80 carbon steel in 1 M HCI 
at various concentration ranges of Zygophyllum album extract. 
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Figure 13. log k (corrosion rate) - l /T curves for N80 carbon steel dissolution in l 
M HCI in the absence and presence of Various cone. Range of Zygophyllum 
Aegyptium extract. 
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Figure 14 . !og k (corrosion rate) /T - 1 /T curves for N80 carbon steel dissolution in 1 
M HCI in the absence and presence of Various cone. Range of Zygophyllum 
Aegyptium extract. 
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cone. 

~P:~i~;~Zy~~~hyllum Aegyptium l 
Ea 'ld mor t.H' kJ mor' -tiS•, ' 

1 ' J1nol-1K~ 

lMHCI '-------- 5.92 3.56 40.16 

' .~EE'r:n 3.49 3.01 42.99_ 

~n 3.45 2.97 43.?£._ 
PPrr1.-~._--1:9_L_ . 4.43 __ 38.93 

I 35.13 L.200 PP'Il_____~-- 6.23 __ t 5.Z§_ 
Lz'QQJ22.m 8.80 8.32 I 27.33__J 

Table 11 . Activation parameters of the corrosion of N80 carbon steel in 1 M HCI 
at various concentration ranges of Zygophyllum Aegyptium extract. 

GENERAL CONCLUSIONS 

Zygophyllurn album and Zygophyilurn aegyptium extracts ocls os inhibitors for t'-180 
corbon steel corrosion in l M HCI solution. The corrosion process is inhibited by adsorption 
of the extract species on the N80 corbon steel surfoce following the Langmuir isotherm. 
The resul·rs suggested the use of Zygophyllum Aegyptium as o corrosion inhibitor because 
it hos more resistance for temperature changes than Zygophyllum album extract. 
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