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Abstract- The present work continues to focus on expanding the use of plant extracts to combat 

metal corrosion and reports on the inhibiting effect of Hammada Scoparia (HS) extract on the 

corrosion of carbon steel in 1 M hydrochloric acid. Electrochemical impedance spectroscopy 

(EIS), potentiodynamic polarization and gravimetric methods were utilized to examine the 

metal corrosion behavior without and with inhibitor. Polarization studies show that the 

Hammada Scoparia (HS) extract acts as a mixed inhibitor in acidic electrolyte and its inhibitory 

effectiveness rise with Hammada Scoparia (HS) extract concentration reaches a maximum of 
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93% for 0.6 g/L. The obtained Nyquist plots showed depressed semicircles and their diameter 

enhanced with rising HS extract concentration. The inhibiting capacity of HS extract for carbon 

steel in hydrochloric acid at diverse temperatures (303-333 K) was reduced somewhat. The 

adsorption of the HS extract on carbon steel follows the Langmuir isotherm. SEM and EDX 

observations confirmed the existence of protective film on the metal surface. A good agreement 

was obtained between various used technical. 

Keywords- Hammada Scoparia (HS) extract, Corrosion, Carbon steel, Electrochemical 

technical, Langmuir  

 

1. INTRODUCTION  

The corrosion of metals and alloys is a disturbing issue which greatly affects the economy 

and security, it is considered as an enemy industrial, it destroys one-quarter of the global output 

of steel production [1]. Indeed, it has considerable economic consequences and can cost billions 

of dollars annually [2], Steel is among the alloys most utilized in industries and machinery and 

many other areas but he's very sensitive to corrosion, especially in aggressive media [3]. 

Hydrochloric acid is broadly utilized in numerous industrial processes so as to evacuate 

unwanted scale and rust which prompts corrosion on the steel materials. Utilizing an inhibitor 

is the most efficient way to anticipate unexpected metal dissolution in various acidic 

electrolytes [4,5]. Various organic and inorganic compounds were investigated as inhibitors 

for protecting against corrosion attack. Generally, the effectiveness of these organic corrosion 

inhibitors is linked to the existence of heteroatoms such as S, O, N and π- electrons in molecular 

structure. [6-11]. Currently, the organic and mineral inhibitors are abandoned by virtue of their 

toxicity vis-a-vis users and the environment [12], hence the need for new “eco-friendly” 

inhibitors. This new family of inhibitors can be obtained by natural plant extracts. Plant extracts 

are considered a rich source of naturally synthesized organic compounds that can be extracted 

by simple procedures at a cost-effective price. However, synergistic effects are often expected 

between the constituents of the extract and which can increase their inhibition efficiency. The 

successful uses of naturally occurring substances to inhibit the corrosion of metals in the acidic 

environment have been reported by some research groups. Extracts of azadirachta indica [13], 

isertia coccinea [14], prosopis cineraria [15], hibiscus sabdariffa extract [16], Extracts of olive 

[17], Salvia officinalis extract [18] have been used as corrosion inhibitors for mild steel in 

various media. 

The aim of this work is to examine the inhibiting effect of the hammada scoparia extract 

on the corrosion of carbon steel in 1 M hydrochloric acid.  Hammada Scoparia (Pomel) is a is 

a relatively common and characteristic steppe species of the Saharan Atlas in the south of 

Morocco. The electrochemical methods utilized to examine corrosion inhibition are 

polarization curves and electrochemical impedance spectroscopy. The surface morphology of 

the carbon steel was inspected with SEM and AFM studies in the presence and absence of 

inhibitor.  
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2. EXPERIMENTAL 

2.1. Material used 

Carbon steel (CS) has a chemical composition, in mass 0.370% C, 0.680% Mn, 0.016% S, 

0.077% Cr, 0.011% Ti, 0.059% Ni, 0.009% Co, 0.160% Cu, 0.230% Si and the rest of iron Fe.  

 

2.2. Preparation of samples 

The CS substrates are prepared before immersion in the solutions by different grade size 

emery paper (220-1200) and then they are rinsed with distilled water and degreased with 

ethanol. 

 

2.3. Preparation of inhibitor 

Hammada Scoparia was harvested fresh from the Guelmim area during the month of March 

(2015) randomly, allowed to dry in the shade, protected from moisture and stored carefully in 

a dry and ventilated area within the Laboratory of Plant Biotechnology of the Faculty of 

Science in Agadir. The aerial part of this species were then milled with an electric mill until a 

powder was obtained. 20 g of this powder of the aerial part is subjected to extraction with 

ethanol using Soxhlet for 6 h. The resulting extract was concentrated in a rotary evaporator 

completely. The residue was kept in a tightly closed vial of colored glass at 4 °C until use. 

 

2.4. Electrolyte 

The 1 M HCl has been drafted by dilution of HCl, ACS reagent, 37%.  The range of ethanolic 

extract of HS concentrations falls between 0.05 g/L and 0.6 g/L.  

 

2.5. Corrosion tests 

2.5.1. Gravimetric studies 

The gravimetric measurements were undertaken in closed glass vials containing 50 mL of 

electrolyte with and without the addition of different concentrations of HS extract at 303 K for 

6h of immersion. The experiments were performed three times and the mean value of the mass 

loss was noted. The dimensions of the steel samples are 3 cm×1 cm×0.2 cm. 

 

2.5.2. Electrochemical tests 

The electrochemical tests were carried within a cell equipped by mounting of three-

electrode, a platinum wire was used as an auxiliary electrode, a reference electrode consists of 

a saturated calomel electrode and the working electrode was CS. The cited electrodes are 

connected with Volta Lab potentiometer (Tacussel-Radiometer PGZ 100) and controlled by 

the Tacussel (Volta Master 4) corrosion analysis software model under static condition.  
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1 cm2 of CS was immersed in a blank electrolyte for 30 min to establish a stable open circuit 

potential (Eocp). After measuring the Eocp, electrochemical measurements were registered out. 

The Tafel polarization curves were recorded by a constant sweep rate of 0.5 mV s-1 from -800 

to -200 mV. 

Electrochemical impedance spectroscopy (EIS) tests were registered out in utilizing ac 

signals of amplitude 10 mV peak to peak at various conditions in the frequency scope of 100 

kHz to 10 mHz.  

 

2.6. SEM/EDX 

The surface morphology of carbon steel specimens were picked up after 12 h immersion 

time in HCl 1 M without and with 0.6 g/L of Hammada Scoparia extract using JEOL JSM-IT 

100 scanning electronic microscope SEM. For these studies, the carbon steel specimens were 

immersed in the 100 mL test solution, three coupons were mechanically abraded with 220 to 

1200-mesh emery papers. Bruker EDX analyzer was used with accelerating voltage of 20 kV 

to examine the formed layers on carbon steel surface in the absence and presence of inhibitor. 

 

3. RESULTS AND DISCUSSION 

3.1. Effect of concentration 

3.1.1. Gravimetric measurements 

The impact of the addition of HS extract at various concentrations on the corrosion of CS 

in the 1M HCl electrolyte was assessed by a gravimetric method at 303 K after 6 h of 

immersion.  

 

Table 1. Corrosion rate and inhibition efficiencies at 303 K in 1 M HCl 

 

C 

(g/L) 

CR 

(mg cm-2 h-1) 

ηGM 

(%) 

0 2.05 — 

0.05 0.44 79 

0.10 0.39 81 

0.30 0.31 85 

0.60 0.22 89 

 

The corrosion rate (CR) and the protection efficiency ηGM (%) were determined from 

equations 1 and 2 [19, 20], respectively: 

                      (1) R

m
C

S t


=
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                    (2) 

where Δm is the mass loss expressed in mg, t is the immersion time (in hours), S is the surface 

of the sample in cm2, and  are the rates of corrosion in the absence and in the presence 

of HS extract. Various gravimetric parameters are summarized in table 1. 

The inspection of Table 1 uncovered that the rate of corrosion for carbon steel was 

enormously influenced by the presence of the extracts in acidic electrolyte. The corrosion rates 

(CR) were delayed with the expansion of ethanolic extract concentration. Such conduct could 

be awarded to the increase in adsorption of the HS extract at the metal/solution interface [21]. 

In the absence of HS extract, the corrosion rate is as high as 2.05 mgcm-2h-1 and in the presence 

of 0.60 g/L inhibitor; the values are decreased to 0.22 mg cm-2h-1 for HS extract. Near about 

89% inhibition efficiency was accomplished utilizing 0.6 gL-1 of HS in 1 M HCl. The increase 

in protection efficiency and the lessening in corrosion rates with the increase in the 

concentration of inhibitor could be portrayed by virtue of surface coverage values [22]. 

 

3.1.2. Potentiodynamic polarization curves 

The obtained Tafel curves of CS in 1 M HCl without and with various concentrations of 

HS extract (0.05, 0.1, 0.3, and 0.6 g/L) are shown in Fig. 1. The corresponding electrochemical 

parameters such as the corrosion potential (Ecorr), the corrosion current density (icorr), the Tafel 

slopes (βa, βc) and the inhibition efficiency IE Tafel(%) are listed in Table 2.  
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Fig. 1. Tafel Curves of the CS steel in HCl 1 M in the absence and in the presence of different 

concentrations of HS extract at 303 K 

 

The HS extract decreased the anodic and cathodic current; this indicates that this ethanolic 

extract is adsorbed on the CS surface and hence inhibition occurs. Besides, cathodic Tafel plots 

offer ascent to parallel lines with rising inhibitor concentration; this demonstrates the 
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introduction of ethanolic extract does not adjust the hydrogen development mechanism. The 

decrease of hydrogen proton at the CS surface happens chiefly through a charge transfer 

mechanism. The inhibition efficiency (IETafel %) values were calculated using icorr values as 

expressed with the following equation [23].    

                                                                                                     (3) 

where icorr and i1
corr uninhibited and inhibited corrosion current densities, respectively. 

 

Table 2. Electrochemical parameters of CS in 1 M HCl without and with additions of different 

concentrations of HS extract at 303 K 

 

 

 

 

 

 

 

 

 

 

From Table 2. It is obvious that that icorr values decline pointedly within the sight of 

ethanolic extract, and decline with expanding the inhibitor concentration. However, the IETafel 

increases with the HS extract concentration, for 0.6 g/L of ethanolic extract reaches up to a 

maximum of 92%. The values of Tafel slope (βa, βc) for HS extract are found to increase in the 

sight of ethanolic extract. The Tafel slopes variations suggest that ethanolic extract impacts the 

kinetics of the hydrogen evolution reaction and metal dissolution [24]. From Ecorr values, the 

maximum displacement is less than 85 mV, indicating that the HS extract is a mixed-type 

inhibitor [25].  

 

3.1.3. Electrochemical impedance spectroscopy (EIS) 

The Nyquist spectra for CS in 1 M HCl electrolyte containing various concentrations of HS 

extract are displayed in Fig. 2. One loop is seen on the impedance representation showing that 

the corrosion of the steel is chiefly limited by a charge transfer process [26], and the size of the 

loop rise with a rising concentration of natural extract, showing a rise in corrosion resistance 

of the material [27]. Moreover, the similar shape in all spectra and for all concentrations, 

suggesting that there is virtually no change in the corrosion mechanism [28,29]. These remarks 

are in agreement with Bode-phase plots (Fig. 5). It is also worth pointing out that all Nyquist 

1

% 100cor r corr
Tafel

cor r

i i
IE

i

 −
=  
 

C   

(g/L) 

-Ecorr 

(mV/SCE) 

icorr 

(μA/cm2) 

βa 

(mV/dec) 

-βc 

(mV/dec) 

IETafel 

(%) 

Blank 467 600 122. 9 105.8 — 

0.60 500 50 371.7 201.8 92 

0.30 460 81 167.7 189.0 86 

0.10 466 89 106.3 82.7 85 

0.05 450 125 84.6 76.6 79 
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plots obtained show a one slightly depressed a half-circle, hinting a non-ideal capacitive 

behavior of the electrochemical system, commonly known as an ‘‘dispersing effect’’ [30,31]. 

On the other hand, the replacement of capacitance by CPE (constant phase element) gives us a 

better modeling. However, the impedance of CPE is expressed by the following formula (4): 

( )

1
CPE n

Z
i

=


                                  (4) 

where A is the CPE constant, i2=-1 is an imaginary number and w is the angular frequency 

(w=2πf, where f is the frequency), n designate the CPE exponent and used to indicate the 

surface heterogeneity degree (0<n<1). 
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Fig. 2. Nyquist and Bode-phase angle plots for the CS electrode in 1M HCl without and with 

HS extract at 303 K 

 

The estimate values of Cdl are obtained by means of Hsu and Mansfeld expression [9]. 
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           (5) 

The protection efficiencies, ERp, were determined starting the Rp values at various 

concentrations using the next formula [32]. 

                                                                                                                                              (6) 

where,  and  are respectively the representative parameters of opposition to the electron 

loading in the presence and in the absence of HS extract. 

The various EIS parameters simulated utilizing the equivalent circuits (Fig. 3) are deposited 

in Table 3.  It is obvious that the Rp values increase with inhibitor concentrations to reach a 

maximum at 0.6 g/L of HS extract. This rise is usually owing to the substitution of the water 

molecules by the adsorption of the chemical compounds that exist in the ethanolic extract on 

the CS surface [33,34]. In addition, However, the exponent n of CPE increases with 

concentration, which can be attributed to a some decrease in degree of inhomogeneity of CS 

surface [9].  Also, the existing values of double layer capacitance Cdl decrease with HS extract 

concentrations. This reduction can be caused a decrease in dielectric constant and/or an 

expansion in the thickness of the electrical double layer as exhibited in the following equation 

[35]. 

0
dlC

d

 
=                     (7) 

 

where d is the thickness of the double layer, ε is the dielectric constant of and ε0 is the vacuum 

permittivity (8.854×10-14 Fcm-1).  

The values of inhibition efficiency ηEIS increase with the concentration of HS extract up to 

93%, when the concentration reaches 0.6 g/L. These findings confirm that the HS extract 

possess efficient inhibitive performance for CS in HCl electrolyte [36].  

 

Table 3. EIS Parameters for CS in a molar solution of hydrochloric acid with and without 

ethanolic extract 

 

Inhibitor Cinh 

(M) 

Rp 

(Ω cm2 ) 

104 A 

(Ω-1Sn cm2) 

n Cdl 

(µF cm-2 ) 

ERp 

(%) 

θ 

Blank — 20.27±0.50 4.57±0.03 0.785±0.002 235.10 —  

HE 

extract 

0.05 153.7±0.04 1.99±0.01 0.820±0.002 69.16 86.82 0.87 

0.10 175.4±0.06 1.07±0.08 0.821±0.005 47.02 88.44 0.88 

0.30 211.6±0.05 1.26±0.02 0.824±0.001 42.21 90.42 0.90 

0.60 320.1±0.04 0.87±0.03 0.825±0.003 38.47 93.67 0.94 

( )11/ n nn
dl d PC A R

−
=

pR i

pR

( )% 100
p

i

p p

R i

p

R R
E

R

−
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Fig. 3. Proposed equivalent circuit for the CS /electrolyte system 

 

3.2.  Effect of temperature 

So as to assess the impact of temperature on the protection effect of HS extract, we carried 

out a study in a temperature range 303 K-333 K using polarization measurements. The 

polarization curves for CS in molar HCl with and without ethanolic extract at optimum 

concentration (0.6 g/L) in the temperature interval (303K-333K) are given in Figs. 4 and 5. The 

corresponding parameters are listed in Table 4. 
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Fig. 4. Tafel curves of CS steel in uninhibited electrolyte at diverse temperatures 
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Fig. 5. Tafel curves of CS steel in 1 M HCl + 0.6 g/L of HS extract at diverse temperatures 

 

Rs CPE

Rp

Element Freedom Value Error Error %

Rs Fixed(X) 0 N/A N/A

CPE-T Fixed(X) 0 N/A N/A

CPE-P Fixed(X) 1 N/A N/A

Rp Fixed(X) 0 N/A N/A

Data File:

Circuit Model File:

Mode: Run Simulation / Freq. Range (0.001 - 1000000)

Maximum Iterations: 100

Optimization Iterations: 0

Type of Fitting: Complex

Type of Weighting: Calc-Modulus
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Table 4. Tafel parameters of CS in 1 M HCl in absence and presence of 0.6 g/L of HS extract 

at diverse temperatures 

 

 

It is evident that the icorr value abruptly rises with temperature without HS extract. 

Additionally and in presence the ethanolic extract, the protection efficiency diminishes with 

rising temperature, which is interpreted by an increase in the dissolution of the metal [37]. 

IETafel (%) is as yet noteworthy even at high temperatures (76% at 333 K). 
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Fig. 6. Arrhenius plots for CS obtained in 1 M HCl only and with 0.6 g/L of HS extract 

 

The got information’s are utilized consequently to determine the thermodynamic 

parameters. The activation parameters of the researched system were evaluated utilizing an 

empirical equation of Arrhenius (8) [38]: 

           (8) exp a
cor

E
i A

RT

− 
=  

 

Medium T 

(K) 

-Ecorr 

(mV/SCE) 

icorr 

(μA/cm2) 

βa 

(mv/dec) 

-βc 

(mv/dec) 

IETafel 

(%) 

 

1 M HCl 

303 477 600 111.0 118.6 — 

313 482 967 91.0 73.8 — 

323 458 1509 87.2 87.6 — 

333 480 1966 110.9 94.1 — 

 

HS extract 

303 500 50 371.7 201.8 92 

313 462 150 118.7 79.7 84 

323 454 311 104.2 70.9 80 

333 445 500 124.3 143.9 76 
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where A is a pre-exponential factor and  is the activation energy. Plots of Ln (icorr) versus 

1000/T in both uninhibited and inhibited electrolytes are depicted in Fig. 6. The linear 

regression of these latter results in the value of activation energy. 

The analysis of Table 5 proved that the value of aE  in the presence of HS extract is more 

to that of the blank electrolyte; the rise in aE  revealed that the adsorption process of HS extract 

is physisorption nature [39]. According to Fan Zhang; the slight rise in aE  cannot be considered 

as critical in consequence of the competitive adsorption with water whose expulsion from the 

surface required additional activation energy [40].  

The other thermodynamic parameters such as enthalpy (∆Ha) and entropy (∆Sa) of 

activation are estimated according to the empirical formula (9) [41]. 

aexp expa
cor

S HRT
i

Nh R RT

    
= −   

   
         (9) 

Where h defined as Planck's constant and N corresponds to the Avogadro’s number. A plot of  

cori
Ln

T
 versus 1000/T donates a straight line (Fig. 7), whose gradient of ( aH

R


− ) and intercept 

(Ln(R/Nh)+ ∆Sa /R) from which the values of ∆Ha and ∆Sa were determined and listed in  

Table 5. 
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Fig. 7. Transition state plot for CS obtained in 1 M HCl only and with 0.6 g/L of HS extract 

 

Table 5. Ea, aH , aS  for CS in 1 M HCl without and with 0.6 g L-1 of HS extract 

 

Medium R2 aE (KJ mole-1) aH  (KJ mole-1) - aS  (J mole-1 K-1) 

Blank 0.98 33.69 31.01 89.13 

HS extract 0.99 64.35 61.72 7.73 

 

aE
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The examination of Table 5 demonstrates that the estimations of ∆Ha of HS extract are 

better than that of 1 M HCl only. The positive indication of ∆Ha is ascribed to the endothermic 

mechanism, which demonstrate that the dissolution reaction of CS extremely slow. 

On the other hand, the negative estimations of ∆Sa of HS extract uncover that the order 

made by the adsorption of HS extract compositions is more prominent than the disorder brought 

about by water desorption. Then again, the less negative estimations of ∆Sa for HS extract as 

compared with the 1M HCl medium is ascribed to the production of an arranged stable layer 

of HS extract constituents on the CS surface [42,43].   

  

  3.3. Adsorption isotherm 

The adsorption mechanism of the inhibitor is a substitution of the adsorbed water molecules 

by the inhibitor species as indicated in the following equilibrium [44,45]. 

2 2sol ads ads solOrg xH O Org xH O+ → +  

Orgsol and Orgads are the constituents of the inhibitor in the aqueous solvent and adsorbed 

on the metal surface, while H2Oads is the solvent molecule on the metal surface where n is the 

stoichiometric factor which indicates the water molecules substituted by a unit of our extract.  

The adsorption phenomenon is usually illustrated by the adsorption isotherms [46,47], which 

have provided information regarding the nature of the adsorbent-adsorbate interaction. The 

values of the degree of surface coverage (θ) relative to diverse concentrations of the HS extract 

were utilized to establish the appropriate isotherm. In this case, the values of θ were determined 

by employing the impedance data under the relationship (10) [48]:  

i

p p

i

p

R R

R


−
=                     (10) 

Generally, adsorption isotherms are significant in understanding the mechanism of 

inhibition corrosion; the foremost often utilized isotherms are Langmuir [49], Frumkin [50] 

and Temkin [51]. The Langmuir isotherm [C/θ as an element of C] accepts that there is no 

connection between the molecules adsorbed on the surface. The Frumkin adsorption isotherm 

(Ln (C(1-θ)/θ) as a function of θ) expects that there is some interaction between Adsorbent-

adsorbate. Temkin adsorption isotherm (θ as a function of LnCinh) represents the effect of the 

multilayer cover [52]. Different attempt is made to adjust the value of θ with concentration. 

The best fit was acquired by the Langmuir isotherm which characterized as (11) [53]: 

1inh
inh

ads

C
C

K
= +                     (11) 

where Kads represent the equilibrium constant, the latter linked with standard free energy 0

adsG

by the next formula. 
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( )0 61 10ads adsG RT Ln K = −                             (12) 

where 1×106 is the dosage of water molecules in mgL-1 (same as dosage of inhibitor), R and T 

are the perfect gas constant (8.3144 JK-1mol-1) and the study temperature respectively. 
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Fig. 8. Langmuir isotherm adsorption of HS extract on the CS at 303 K 

 

The variation of C/θ vs. C give a straight line with a slope close to unity (Fig. 8), which 

indicates that the adsorption of HS extract from the acid electrolyte on the CS obeys the 

Langmuir isotherm.  The negative sign of 0

adsG  means that the adsorption of HS extract on CS 

surface is a spontaneous process.  Generally, the values around -20 kJmol-1 or lower are 

compatible with physical adsorption, whereas those greater than -40 kJmol-1 imply chemical 

adsorption [54]. In our investigation, the estimated 0

adsG value is not accessible for the reason 

that the molecular mass of the extract constituents is not identified. Several authors [55-59], in 

their research on acid corrosion with plant extracts, renowned the identical restriction. 

 

3.4. Surface characterization 

The SEM micrographs of the carbon steel surface before (Fig. 9a) and after immersion for 

12 h in 1 M HCl in the absence (Fig. 9b) and the presence of 0.6 g L-1 of Hammada Scoparia 

extract (Fig. 9c) are shown in Fig. 9. As shown in Fig. 9b, the surface of carbon steel exposed 

to 1 M HCl in the absence of inhibitor appears very rough and looks severely corroded. This is 

likely due to the presence of aggressive ions in the solution [60]. In the case of carbon steel 

immersed in 1 M HCl in the presence of inhibitor (Fig. 9c), a smooth surface can be observed. 

The surface morphology is comparable with the one noticed on polished carbon steel (Fig. 9a). 

This indicates that the extract inhibits further corrosion of carbon steel in 1 M HCl solution. 

The inhibition of corrosion process may be related to the formation of a protective film on the 

surface.  
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Fig. 9. SEM image of carbon steel surfaces (a) abraded carbon steel; (b) uninhibited 1 M HCl; 

(c) optimized concentration of HS extract 

 

The energy dispersive x-ray analysis (EDX) technique was employed in order to examine 

the composition of the carbon steel samples in the absence and presence of inhibitor in 1 M 

HCl solution. The results are presented in Fig. 10.  The EDX analysis of carbon steel in 1 M 

HCl solution showed that the surface contained high chlorine concentrations (Fig. 10b). This 

is the typical behavior of uniform corrosion of carbon steel in aggressive solutions [61].  In the 

presence of inhibitor, Fig. 10c indicates that the Fe peaks were considerably suppressed if 

compared to polished carbon steel [62]. This can result from the formation of the inhibitory 

film on carbon steel surface. Furthermore, EDX spectrum (Fig. 10c) exhibits almost all the 

peaks corresponding to the elements of the inhibitor molecules. Thus, one may suggest that the 

corrosion inhibition of carbon steel is mainly ensured by the adsorption of inhibitor molecules 

onto the surface [63]. Moreover, a very low chlorine concentration is detected on the surface 

in comparison to that of carbon steel exposed to 1 M HCl. These results confirm that the extract 

molecules are adsorbed on the carbon steel surface, and form a very protective film against 

corrosion in 1 M HCl solution. 
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Fig. 10. EDX spectra of carbon steel surfaces (a) abraded carbon steel; (b) uninhibited 1 M 

HCl; (c) optimized concentration of HS extract 

 

4. CONCLUSION 

In this study, gravimetric and electrochemical analysis shows that Hammada Scoparia 

(HS) extract is a new effective corrosion inhibitor for carbon steel in 1 M HCl at 303 K. EIS 

data give evidence that the inhibition efficiency of HS increased on increasing the inhibitor 

concentration reaching value up to 94% at 0.6 g/L. Polarization studies showed a mixed-

inhibition mechanism. The adsorption of HS extract on the carbon steel surface is 

predominantly physisorption and obeys Langmuir adsorption isotherm. A good correlation was 

obtained between electrochemical and gravimetric methods. Further surface film formation is 

confirmed by SEM and EDX analysis. 
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