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Abstract: The corrosion inhibition performance of stem extract of Dissotis theifolia (DT) on N80 steel 

corrosion in 1 M HCl solution has been studied using gravimetric method, electrochemical impedance 

spectroscopy (EIS), potentiodynamic polarization (PDP) and scanning electron microscopy (SEM). The stem 

extract of Dissotis theifolia is composed of tannins and flavonoids which are mainly responsible for the 

corrosion inhibition of the N80 steel. The results of the study reveal that DT inhibited the acid corrosion of N80 

steel at different concentrations of the inhibitor. The inhibition efficiency increases with increasing 

concentration of the inhibitor with the maximum inhibition efficiencies of 94.1% obtained at 250 mg L
-1

 

concentration. Polarization data show that the extract functioned via a mixed inhibition mechanism, affecting 

both the anodic and cathodic partial reactions of the corrosion process. EIS measurements revealed that the DT 

inhibits N80 steel corrosion by adsorbing on the steel surface. The adsorption of the inhibitor on the steel 

surface obeys Langmuir adsorption isotherm. The SEM images revealed the formation of protective film of the 

inhibitor on N80 steel surface. 
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I. Introduction 
Materials deterioration due to corrosion is a major problem in petroleum industries and various 

mechanical, biochemical, metallurgical, and chemical engineering applications. Industrial processes such as oil-

well acidizing, descaling, pickling etc. often involve mineral acids which usually causes serious surface 

corrosion and results in the material degradation and severe financial losses [1, 2]. It has been found that one of 

the best methods of protecting metals against corrosion involves the use of corrosion inhibitors [3]. However, 

the toxicity of inorganic and most organic corrosion inhibitors to the environment and humans has compelled 

the search for safer corrosion inhibitors called ‘green corrosion’ inhibitors due to their properties like non-

toxicity, biodegradability, and low cost. The green inhibitors contain naturally occurring organic compounds 

and can be used as an alternative in etching and pickling solutions [4, 5]. 

Inhibitors are compounds that retard the rate of corrosion of metals by being adsorbed on the surface of 

the metal either through the transfer of charge from charge inhibitor molecule to charged metal surface (physical 

adsorption) or by electron transfer from the inhibitor’s molecule to the vacant d-orbital of the metal(chemical 

adsorption) [6]. Most organic compounds containing polar functional groups, which could include heteroatoms 

and/or conjugated double bonds, exhibit excellent inhibition efficiency [7-9]. The efficacy of organic inhibitor 

compounds toward corrosion of metal in acid solution is directly associated with their adsorption properties. 

Various factors like nature of metal, chemical structure of inhibitor, presence of additives, testing media, 

solution temperature , solution concentration etc. influence adsorption of natural corrosion inhibitors on mild 

steel surface [10]. The effectiveness of natural products extracted from different plant parts toward corrosion 

inhibition has been reported by several authors [11–16]. 

Dissotis theifolia (DT) is a plant belonging to the family of Melastomataceae. The genus Dissotis 

comprises about 140 species, found in some African countries such as Nigeria, Democratic Republic of Congo, 

Ivory Coast, Benin, and Cameroon [17]. They are climbing shrubs, or small trees growing up to 2 m high with 

long, narrow leaves which are oppositely situated on the bract membranous stem with plain or finely saw-edges 

[18]. Extracts from the leaves, stem and roots of D. theifolia plant are used locally by communities in south 

eastern Nigeria to threat inflammations, wound, and sores. The stem of the plants are often converted to 

chewing stick to treat gum infections. The antibacterial property of D. theifolia against common bacteria 

pathogens has been studied [19] and the study also revealed that D. theifolia is rich in tannins and flavonoids. 

No previous studies have revealed the anticorrosion properties of DT. The present research investigates the 

green corrosion inhibitive behavior of DT on N80 steel in 1 M HCl solution using gravimetric, electrochemical 
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impedance spectroscopy (EIS) and potentiodynamic polarization (PDP) techniques. Surface analytical technique 

such as scanning electron microscopy (SEM) was used to observe the morphology of the N80 steel surface. 

 

II. Material And Methods  
Materials Preparation 

N80 steel sheet of thickness, 0.2cm and composition (wt.%) C = 0.31, Mn = 0.92, P = 0.01, Si = 0.19, S 

= 0.008, Cr = 0.2 and the remainder Fe, was obtained from Shell Nigeria oil field. The N80 steel was cut into 

coupons of dimensions 4 cm x 1 cm for electrochemical measurements having 1 cm
2
 unmasked surface and 3 

cm x 2 cm for gravimetric and surface morphological studies. The coupons were mechanically polished with 

series of emery paper of grade 200, 400 and 600 grits, degreased with absolute ethanol, dried in acetone and 

preserved in desiccators prior to corrosion studies. 1 M HCl solution, prepared by diluting 37% HCl with double 

distilled water, was used as the corrodent. 

The stems of D. theifolia were collected from a bush in  Otuoke,  Bayelsa  State,  Nigeria  in  April,  

2019  and  were  authenticated in the herbarium of the Department of Botany, University of Port Harcourt, 

Nigeria. The plants parts were washed thoroughly with water, air-dried, pulverized, and weighed. Stock solution 

of the extract was made by soaking weighed amount of the previously grounded stems of DT in 1 M HCl 

solution and kept for 48 hours. From the stock solution, the filtrate was used to prepare a concentration range of 

100 mg L
-1

 to 250 mg L
-1

. 

 

Gravimetric measurement 

Gravimetric experiment was conducted by immersing the pre-weighed N80 steel coupons into test 

solutions in the absence and presence of different concentrations of DT for 5 h. Thereafter  the  samples  were  

taken  out,  cleaned  with  distilled water,  dried  and  weighed again accurately. All the tests were conducted in 

aerated 1 M HCl solution. The difference in the initial and final weight gives the value of the weight loss in 5 h. 

The experiments were repeated thrice, and the obtained average weight loss data were used to compute the 

corrosion rate (CR; mg cm
-2

 h
-1

) as follows [20]: 

At

w
CR


       (1) 

where ∆w denotes the weight loss (mg), A represents the sample area (cm
2
) and t symbolizes the exposure time 

(h). The percentage inhibition efficiency (%ηWL) and the surface coverage (θ) were calculated from the CR 

values [21]: 
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where CRB and CRI represents the obtained corrosion rates in the absence and presence of DT. 

 

Electrochemical measurements 

All electrochemical measurements were performed using the electrochemical workstation (CH 

electrochemical analyzer model 604B, USA). The three electrode electrochemical cell assembly consists of N80 

steel coupon as working electrode (WE), platinum rod as counter electrode (CE) and saturated calomel electrode 

(SCE) as reference electrode (RE) and containing 300mL of electrolyte. The temperature of the electrolyte was 

maintained at room temperature (30 ◦C). The electrochemical system was maintained in an unperturbed state for 

a period of 30 minutes in order to allow it to reach the steady open circuit potential (OCP) before each 

electrochemical measurement. The EIS measurements were carried out in a frequency range from 100 kHz to 

0.01 Hz under potentiostatic conditions, with amplitude of 10 mV peak-to peak, using the AC signal at Ecorr. The 

potentiodynamic polarization curves were obtained from −250 to +250 mV versus the open circuit potential 

(OCP), with a scan rate of 0.3 mV s
−1

. 

 

Scanning Electron Microscopy (SEM) 

The surface morphology of the N80 steel specimens in the absence and presence of DT in 1 M HCl at 

30
o
C were determined using Scanning Electron Microscopy. The N80 steel was immersed in uninhibited 1 M 

HCl solution and that containing optimum concentration of DT for 4 h immersion time. SEM images of 

inhibited and uninhibited steel specimens were recorded at 1000× using SEM model Zeiss Evo 50 XVP at the 

accelerating voltage of 15 kV. 
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III. Results and Discussion  
Gravimetric measurements 

Fig. 1a shows the plots of corrosion rate (CR) vs. Inhibitor concentration (ηWL) for the corrosion of N80 

steel in 1 M HCl in the absence and presence of different concentrations of DT stem extract at different 

temperatures. The corrosion rate was observed to be lower in the presence of inhibitor than free acid solution 

and decreases with increase in the concentration of the inhibitor at the various temperature studied. Fig. 1b 

presents plot of inhibition efficiency vs. Inhibitor concentration (Cinh). From the plot (Fig. 1b) it can be seen that 

inhibition efficiency increased as the concentration of DT increases from (100 - 250) mg L
-1

. The maximum 

inhibition efficiency of 94.1% was achieved at 250 mg L
-1

. This behavior reflects the inhibitive effect of DT 

toward the acid corrosion of the steel, probably due to the adsorption of phytochemical constituents of the 

extract on the metal surface. It is well documented in literatures that increase in inhibitor concentration causes 

successive increase in surface coverage as the effectiveness of adsorption increases in the same order.  

Fig. 1: Plots of (a) corrosion rate and (b) inhibition efficiency vs. Inhibitor concentration for N80 steel corrosion 

in 1 M HCl in the absence and presence of DT at different temperatures 

 

Effect of temperature  

The gravimetric studies were performed in the temperature range of 303 to 323 K at different 

concentrations of DT for studying the effect of temperature on the corrosion rate and inhibition efficiency. The 

results revealed that the rate of corrosion increases as the temperature increases and decreases as the 

concentration of DT increases. The relation between the corrosion rates (CR) of N80 steel in acidic media and 

temperature (T) is often expressed by the Arrhenius equation: 
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where *

aE is the apparent activation energy, A is the Arrhenius pre-exponential factor and R is the universal gas 

constant. A plot of log CR vs. 1/T (Fig. 2a) gave straight lines with slope of )303.2/( * REa

 

at which the 

activation energies were calculated and listed in Table 1. It is seen in the table that the activation energies of DT 

inhibited acid solutions are bigger than those of uninhibited solutions. This means that, DT inhibited the steel 

corrosion by raising the energy barrier of the corrosion reactions and can be interpreted as due to physical 

adsorption [22, 23]. The other activation thermodynamic parameters of the corrosion reaction such as the 

enthalpy (∆H
*
) and the entropy (ΔS

*
) of activation were determined using the transition state type equation [22, 

24]: 
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where h is the Planck’s constant (6.62 × 10
−34 

Js), N is the Avogadro number (6.022 × 10
23

 mol
−1

), CR, T and R 

retain their previous meaning. Plots of log (CR/T) vs. (1/T) gave a straight line with a slope of (-ΔH
*
 /2.303R) 

and an intercept of [log (R/Nh) + ΔS
*
/2.303R], as shown in Fig.2b, from which the values of ΔH

*
 and ΔS

*
 were 

calculated and also listed in Table 1 
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Fig. 2. (a) Arrhenius plots for N80 steel corrosion in 1 M HCl in the absence and presence of DT, (b) Transition 

state plots for N80 steel in 1 M HCl without and with various concentrations of DT 

 

Table 1. Activation parameters for the dissolution of N80 steel in the absence and presence of different 

concentrations of DT stem extract in 1 M HCl  
Concentration  

(mg L-1) 

Ea  

(kJ mol-1) 

∆H* 

(kJ mol-1) 

∆S*  

(J mol-1 K-1) 

Blank 69.27 30.35 -213.09 

100 91.38 45.86 -218.43 
150 101.90 49.23 -226.26 

200 116.28 61.74 -236.97 

250 122.14 74.52 -241.35 

 

Table 1 show that value of enthalpy of activation, ΔH* is positive and higher in presence of inhibitor. 

The positive sign of ΔH* reflects the endothermic nature of the N80 steel dissolution process. Large and 

negative values of ΔS* imply that the activation stage of the adsorption process is controlled by associative 

interactions between the steel and the inhibitor molecules rather than dissociative formation of steel and water 

molecules [25]. 

 

Polarization Measurements 

The potentiodynamic polarization curves for N80 steel immersed in 1 M HCl solution in the absence 

and presence of different concentrations of the DT after immersion for 30min at 30 
o
C are presented in Fig.3. It 

can be seen from Fig. 3 that the polarization curves shifted to either more cathodic or anodic region in the 

presence of the inhibitors compared to the blank acid system, showing that the studied DT stem extract inhibit 

the corrosion reaction. The polarization curves in the presence of DT show similar anodic and cathodic features 

as the blank, suggesting that the inhibitors do not change the mechanism of the anodic N80 steel dissolution in 

the acid as well as the cathodic hydrogen gas evolution associated with the corrosion process. The values of 

potentiodynamic polarization parameters such as corrosion potential (Ecorr), corrosion current density (Icorr), 

cathodic and anodic Tafel slopes (βc, βa) were obtained from the polarization curves through extrapolation 

method and are listed in Table 2. Examination of the results in Table 2 shows that with the addition of inhibitors 

to the aggressive 1 M HCl solution, the values of Icorr decreases significantly with slight shift in the values of 

Ecorr which indicates that DT molecules adsorb over the steel surface. The magnitude of the shift in Ecorr is 51 

mV which is less than 85 mV. Therefore, the studied DT stem extract can be classified as mixed-type inhibitors 

[26, 27]. The values of Tafel slopes βc and βa is slightly changed upon addition of DT as compared to blank, 

which implies that the DT molecules are blocking both cathodic and anodic sites resulting in an inhibition of the 

cathodic and anodic reactions [28, 29].The corrosion inhibition efficiency (%ηPDP) values were calculated and 

listed in Table 2, using the relation: 

 100%
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where Icorr and Icorr(i) are the corrosion current density values in the absence and presence of inhibitor 

respectively. The obtained values presented in Table 2 reveal that %ηPDP increased with DT concentration. 

3.10 3.15 3.20 3.25 3.30

0.0015

0.0020

0.0025

0.0030

0.0035

0.0040

 Blank

 100 mg/L

 150 mg/L

 200 mg/L

 250 mg/L

lo
g

 [
C

R
/T

] 
(m

g
 c

m
-2

 h
-1

)

1000/T (K-1)

(b)

3.10 3.15 3.20 3.25 3.30

0.4

0.6

0.8

1.0

1.2

1.4

 Blank

 100 mg/L

 150 mg/L

 200 mg/L

 250 mg/L

lo
g
 C

R
 (

m
g
 c

m
-2

 h
-1

)

1000/T (K-1)

(a)



Stem extract of Dissotis theifolia as a green corrosion inhibitor for N80 steel in 1 M HCl solution 

DOI: 10.9790/5736-1303013038                                 www.iosrjournals.org                                              34 |Page 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Potentiodynamic polarization plots for N80 steel in 1 M HCl solution in the absence and 

presence of various concentrations of DT stem extract. 

 

Table 2: Tafel polarization parameters for N80 steel in the absence and presence of DT stem extract inhibitor 

molecules in HCl medium  
Concentration (mg 

L-1) 

-Ecorr 

(mV vs SCE) 

Icorr 

(μA cm-2) 

ba 

(mV dec-1) 

bc 

(mV dec-1) 

ղPDP 

(%) 

Blank -471.8 1984 87.2 141.7  
100 -502.3 779 85.3 132.9 60.7 

150 -519.5 458 90.5 118.0 76.9 
200 -522.9 216 82.0 126.2 89.1 

250 -520.1 103 78.4 125.8 94.8 

 

Electrochemical impedance spectroscopy 

The Nyquist plots obtained for the corrosion of N80 steel in the absence and presence of 100–250 mg 

L
−1

 inhibitor concentration are depicted in Fig. 4a. From the figure, it is seen that the Nyquist diagram displayed 

a single capacitive loop with shapes of depressed semicircles both in the inhibited and uninhibited 1 M HCl 

solutions. The semicircular size is larger in the inhibited solution and increases with the concentration of DT, 

suggesting that the inhibitor enhances the resistance of the N80 steel corrosion in the acid solution. The 

impedance kinetic parameters presented in Table 3 were determined by fitting the impedance data to the 

equivalent circuit model shown in Fig. 4b. The circuit comprises of a constant phase elements (CPE), a charge 

transfer resistance (Rct) and a solution resistance (Rs). Generally, double layer formed by adsorption of inhibitors 

on the metallic surface behaves as CPE rather than pure capacitor. The capacitor is therefore replaced by CPE, 

which is a frequency dependent element and related to surface roughness, to fit the semicircle impedance data 

more accurately [30]. The impedance function of a CPE has the following equation [31]: 

  n

CPE jYZ
 1

0
      (7) 

where the amplitude Y0 and n are frequency-independent CPE constant and exponent, respectively, and ω is the 

angular frequency in rad s
-1

 for which -Zmax reaches its maximum value, and j
2
 = -1, an imaginary number, n is 

dependent on the surface morphology: -1 ≤ n ≤ 1.The values of the double layer capacitance (Cdl) were 

calculated from the Rct values using the equation: 

 ct

dl
Rf

C
max2

1


       (8) 

where fmax is the frequency value at which the imaginary component of the impedance is maximum (-Zmax). The 

inhibition efficiency (%ηEIS) was calculated using the following relation [32, 33]:  

1001%
)(

















ict

ct
EIS

R

R
      (9) 

where Rct and Rct(i) are the charge transfer resistances in the absence and presence of inhibitors respectively. The 

values of the Cdl and %ηEIS are also listed in Table 3. 
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Fig. 4. (a) Nyquist plots of N80 steel in 1 M HCl without and with various concentrations of the DT stem extract 

(b) Schematic representation of  equivalent circuit 

 

Table 3. EIS parameters obtained for N80 steel in 1 M HCl in absence and presence of different concentrations 

of DT stem extract 
Concentration 

(mg L-1) 

Rs  

(Ω cm2) 

Rct 

(Ω cm2) 
 

fmax 

Cdl 

(μFcm-2) 

ղEIS (%) 

Blank 0.985 9.65 27.5 600.0  
100 0.871 31.81 49.0 102.2 69.7 

150 1.052 50.36 53.2 59.4 80.8 

200 1.184 73.19 55.7 39.1 86.8 

250 0.999 99.54 58.6 27.3 90.3 

 

A careful inspection of the data in Table 3 reveals that the presence of different concentrations of the 

studied inhibitors increases the values of Rct which could be as a result of increased surface coverage on N80 

steel by the inhibitor molecules [31, 34]. In addition, the values of the Cdl in the presence of DT inhibitor are 

lower in comparison with the uninhibited values, which also suggest the adsorption of the inhibitor on the N80 

steel surface leading to the formation of a protective layer. The corrosion inhibition efficiency (%ηEIS) increases 

with increase in concentration of the inhibitor. The results show that the inhibition efficiencies obtained from the 

impedance study are in good agreement with those from gravimetric and polarization measurements. 

 

Scanning Electron Microscopy (SEM)  

Scanning electron microscopy images were taken to justify that the corrosion inhibition behavior of the 

studied DT stem extract is due to the formation of protective film on the steel surface. Fig. 5 shows the SEM 

images of N80 steel samples immersed in 1 M HCl without and with maximum concentration of the studied 

inhibitor after 4 h immersion time. The SEM image without inhibitor (Fig. 5a) is strongly corroded, resulting in 

a rough and heterogeneous surface of N80 steel in 1 M HCl. However, in the presence of the studied DT stem 

extract (Fig. 5b) the N80 steel surface is smoother and protected, which confirms their inhibition action [35].  

(b) 
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Fig. 5. SEM images of (a) N80 steel in 1 M HCl, (b) N80 steel in 1 M HCl + 250 mg L
-1

 DT 

 

Adsorption isotherm 

The establishment of adsorption isotherms that describe the adsorption of a corrosion inhibitor can 

provide important clues to the nature of the metal-inhibitor interaction. In order to acquire information about the 

adsorption of DT molecules on the N80 steel surface, the surface coverage values derived from the gravimetric 

results were used to test the best adsorption isotherm. The most frequently used isotherms include: Langmuir, 

Temkin, Frumkin, Flory-Huggins, Bockris-Swinkels and Dhar-Flory-Huggins. These adsorption isotherms were 

tested, and among them the Langmuir isotherm gave the best fit with values of regression coefficient (R
2
) close 

to one. The Langmuir isotherm is represented by the following equation: 

inh

ads

inh C
K

C


1


     (10) 

where, Kads is the equilibrium constant of the adsorption-desorption process, θ is the degree of surface coverage 

and Cinh is molar concentration of inhibitor in the bulk solution. The adsorption isotherms for the DT stem 

extract are presented in Fig.6. The slight deviations of the slopes of the Langmuir plots from unity are due to the 

interactions between the adsorbed molecules on the metal surface as well as change in the heat of adsorption 

with increasing surface coverage. The values of Kads were derived from the intercept (1/Kads) and listed in Table 

4.  

 

Table 4. Adsorption parameters determined for DT studied as inhibitor of N80 steel corrosion in 1 M HCl 
Temperature 

(K) 

Slope Kads 

(mg-1 L) 

R2 ΔGo
ads  

(kJmol-1) 

303 0.9425 0.0917 0.9916 -19.67 

313 0.8810 0.0832 0.9899 -19.29 

323 0.8307 0.0684 0.9901 -18.95 

 

The adsorption equilibrium constant Kads decreases with increase in experimental temperature, 

suggesting that the interactions between the adsorbed molecules and the N80 steel surface are weakened and 

consequently, the adsorbed molecules could become easily removable. Kads is related to the standard free energy 

of adsorption, 0

adsG , as follows:  

 adsads KRTG 5.55ln0      (11) 

where  R  is  universal  gas  constant (8.3147 J.mol
-1

.K
-1

),  T  is  the  absolute  temperature (298 K) and  55.5 is 

the molar concentration of water in the solution. The calculated values of 0

adsG at each studied temperature in 

presence of various concentration of DT are also given in Table 4. A negative 0

adsG suggests that the adsorption 

of the inhibitor to the steel surface is spontaneous. The use of 0

adsG values to describe the mode of adsorption of 

inhibitor molecules on metallic surface has been widely discussed [36, 37].  
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Fig. 6. Langmuir adsorption isotherms for the adsorption of DT on the N80 steel surface  

 

The negative values of 0

adsG indicate that the adsorption process is spontaneous and the adsorbed layer 

on the N80 steel surface is stable [38, 39]. Values of 0

adsG  are always used to classify adsorption process as 

physisorption (when 0

adsG  = −20 kJ mol
−1

 or less negative) or chemisorption (for 0

adsG  = −40 kJ mol 
−1

 or 

more negative). The 0

adsG  values obtained in the present study range from −18.95 to −19.67 kJ mol
−1

, which 

suggests that, the adsorption of the studied inhibitor on N80 steel surface is physisorption. 

 

IV. Conclusion  
In the present study, the corrosion inhibition performance of stem extract of D. theifolia was investigated for 

N80 steel in 1 M HCl using gravimetric and electrochemical methods and following conclusions were drawn:  

(i) The D. theifolia was found to inhibit the corrosion of N80 steel in 1 M HCl and the inhibition efficiency 

increases with increasing concentration. 

(ii) The adsorption of DT on the N80 steel surface was spontaneous and was consistent with physiosorption 

mechanism. The adsorption behavior of the DT inhibitor supported Langmuir adsorption isotherm model. 

(iii) Impedance plots indicated that the charge transfer resistances increase with increasing concentration of the 

DT and maximum value was obtained at 250 mg L
-1

 concentration. 

(iv) Potentiodynamic polarization measurements showed that the studied DT inhibitor is mixed type corrosion 

inhibitor. 

(v) SEM analysis showed the reduction in damage of the Al in the presence of the inhibitor.  
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