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Abstract 

In this study, the corrosion inhibition effect of Plagiochila porelloides (Torr. ex Nees) Lindenb. extract, a 

Marchantiophyta species, on mild steel in hydrochloric acid solution at 298 K was investigated for the first time by 

applying electrochemical impedance spectroscopy (EIS), linear polarization (LPR) and potentiodynamic polarization 

techniques. Experiments were performed by immersing mild steel electrodes in acidic solutions containing different 

concentrations of Plagiochila porelloides extract for 1 hour before each electrochemical measurement to equilibrate 

with the aggressive solution. Liverwort extract showed a strong inhibitory effect as a result of 1 hour electrochemical 

experiments, and as the extract concentration increased, the protective effect of mild steel in acidic solutions raised. In 

addition, the surface images of the electrodes in 1.0 M HCl solutions with and without liverwort extract after 1-hour 

exposure were examined by an optical microscope and it was shown that the metal surface in the inhibited extract 

solution had a smoother appearance compared to the uninhibited metal surface. Electrochemical findings and surface 

images support each other. 
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Asidik Çözeltide Yumuşak Çelik için Çevresel Olarak Sürdürülebilir Yeni Bir Yeşil 

Korozyon İnhibitörü Olarak Plagiochila porelloides (Marchantiophyta)’e Genel Bir Bakış 
 

Öz 

Bir Marchantiophyta türü olan Plagiochila porelloides (Torr. ex Nees) Lindenb. ekstraktının 298 K’de hidroklorik asit 

çözeltisindeki yumuşak çeliğin korozyonu üzerine inhibisyon etkisi, ilk kez bu çalışmada elektrokimyasal impedans 

spektroskopisi (EIS), lineer polarizasyon (LPR) ve potansiyodinamik polarizasyon yöntemleri uygulanarak 

araştırılmıştır. Deneyler, her elektrokimyasal ölçümden önce yumuşak çelik elektrotların agresif çözelti ile dengeye 

gelmesi için 1 saat boyunca farklı konsantrasyonlarda Plagiochila porelloides özütü içeren asidik çözeltilere 

daldırılmasıyla gerçekleştirilmiştir. Ciğerotu özütü 1 saatlik elektrokimyasal deneyler sonucunda, güçlü bir inhibitör 

etki göstererek özüt derişimi arttıkça, asidik çözeltilerdeki yumuşak çeliği koruma etkisi artmıştır. Ayrıca, 1 saatlik 

daldırma süresi sonrasında inhibitörlü ve inhibitörsüz 1,0 M HCl çözeltilerine daldırılan elektrotların yüzey 

morfolojileri optik mikroskopta incelenmiş ve inhibitörlü çözeltideki metal yüzeyinin inhibitörsüz olan metal yüzeyine 

göre daha düzgün bir görüntüye sahip olduğu gösterilmiştir. Elektrokimyasal bulgular ve yüzey görüntüleri birbirini 

destekler niteliktedir. 
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1. Introduction 

Corrosion is a spontaneous process of metallic 

destruction by the reaction of the metallic material 

with its surrounding environment. It causes serious 

damage to the main structure of the metal and this 

is a global problem for many industries (Guruprasad 

and Sachin, 2021; Chaubey et al., 2021). Corrosion 

is a distressing process that can cause damage to an 

industrial plant, causing it to shut down. For this 

reason, it is tried to be prevented or slowed down by 

using substances (inhibitors) that will prevent the 

dissolution of metallic material, especially in an 

aqueous medium such as acid, or in other words, 

reduce the current density. There are many common 

acidic media inhibitors. The most preferred among 

these are organic compounds with aromatic rings 

and heteroatoms such as N, S, P, O in the basic 

skeleton chain. The addition of such substances to 

the corrosive media is one of the most effective and 

suitable methods to protect the metallic material 

(Özkır and Çifcibaşı, 2017; Özkır, 2018; Özkır, 

2019a; Özkır, 2019b). On the other hand, since 

these compounds can be both costly and toxic to the 

environment, this has led many researchers to 

examine natural products and therefore 

environmentally friendly green inhibitors. 

According to many research articles, it has been 

stated that the extracts obtained from the leaves, 

bark, seeds and roots of the plants exhibit effective 

inhibition because they contain active organic 

compounds such as alkaloids, flavonoids and 

terpenoids which are called secondary metabolites 

(Özkır and Ezer, 2020; Zhang et al., 2020; 

Salmasifar et al., 2021; Alrebh et al., 2021).  

 

Secondary metabolites can effectively adsorb the 

metal surface and therefore can be applied as 

corrosion inhibitors without toxic effects due to 

their structure. In fact, it can be said that the plant 

extracts’ ability to act as corrosion inhibitors is 

traditionally due to the presence of chemical 

structures similar to those of previously known 

organic molecules (Huang et al., 2016). In theory, 

there is an electron transfer from the π electrons 

present in the structure of phenolic compounds to 

metals. When the metal receives the electron, it 

becomes more stable and prevents corrosion attack 

on the surface. Bryophytes, which are very rich in 

secondary metabolites, are a group of plants that 

reproduce by spores rather than flowers or seeds 

(Cansu et al. 2013, 2014; Tosun et al. 2015). They 

are usually found in a humid environment. Based on 

its rich source of secondary metabolites, Hypnum 

cupressiforme, a moss species, was applied for the 

first time as a green inhibitor on the corrosion of 

mild steel in the 1.0 M HCl solution. As a result of 

the first research in this field and our country, it was 

found that Hypnum cupressiforme extract 

significantly prevents corrosion of mild steel (Özkır 

and Ezer, 2020). 

 

Based on this idea, in this study, the effect of P. 

porelloides, which is also rich in secondary 

metabolites and a kind of liverwort, on the corrosion 

of mild steel in acidic solution was studied for the 

first time in Turkey. Liverworts, along with mosses 

and hornworts, are classified by botanists as 

bryophytes–non-flowering plants that lack vascular 

tissue. They mostly live in moist soils such as 

mosses, on rocks, soil, rock outcrops and tree bases. 

Investigation of corrosion inhibitor effects for such 

natural plants is a separate application area and 

increases their diversity. 

 

For this purpose, it was intended to analyse the 

influence of the P. porelloides extract as an 

inhibitor on the mild steel corrosion in hydrochloric 

acid solution by three different electrochemical 

tests with various concentrations. As result, it has 

been discussed that the applicability of non-toxic 

and environmentally friendly P. porelloides extract 

as an effective inhibitor for industrial processes. 

 

2. Materials and Methods 

2.1. Plant material 

The P. porelloides specimens were collected from 

Sakarya-Karasu, 133 m, 41°03'45" N, 30°42'41" E, 

on a rock in March 2018 and identified using 

relevant literatures (Smith, 1996; Paton, 1999). The 

image of a small part of P. porelloides in water 

taken using a stereo microscope (digital camera 

integrated OLYMPUS SZX7 model) is presented in 

Figure 1.  

 

2.2. Preparation of Plagiochila porelloides 

extract solutions 

Analytical reagent-grade hydrochloric acid (37%) 

and distilled water were utilized for preparing all 

extract solutions. The liverwort samples were first 

cleaned of the soiled parts of the roots and dried at 

80 °C for about 2 hours in an oven to prepare the 

stock solution of the extract. The dried samples 

were ground into powder in a pestle. 3 g of 

powdered liverwort samples were weighed and 

refluxed for 25 hours with the addition of sufficient 

distilled water in a 250 mL reaction flask. The 

liverwort extract was filtered after reflux treatment. 

When filtration was complete, the colour of the 

obtained extract was metallic copper (RGB value 

for colour conversion is 108; 63; 30, respectively). 

Figure 2 presents the preparation flow chart of 

liverwort samples and stock solution. 
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Figure 1. Stereo microscope image of P. porelloides 

 

Figure 2. Preparation step of P. porelloides extract 

 

The concentration of the stock liverwort solution 

was determined as 0.115% (w/v) by evaporation of 

10 mL of the extract and weighed the residue. Other 

concentrations used in this study were prepared by 

dilution from the stock liverwort solution and the 

aggressive medium was provided with 1.0 M HCl 

solution. 

 

1) Before extraction 2) During extraction

3) Filtration

4) P. porelloides residue 
after filtration

5) P. porelloides extract 
after filtration
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2.3. Electrochemical measurements and 

electrodes 

The corrosion measurements of P. porelloides 

extract were obtained on the surface of mild steel 

electrodes. The chemical composition (wt.%) of 

working electrodes is given in Table 1. The working 

electrodes were prepared by placing them in a 

cylindrical mould containing a mixture of 

polyester-accelerator-hardener. Electrodes with a 

surface area of 0.5024 cm2 were exposed to 

hydrochloric acid solutions. 

 

Table 1. The chemical composition of the working electrodes 

 

Before each electrochemical test was applied, the 

surfaces of the working electrodes were polished 

with 150, 600, and 1000 grids of sandpapers, 

respectively. The electrode surfaces were cleaned 

with distilled water and acetone. The conventional 

three electrode methods were utilized for three 

electrochemical experiments. The first electrode is 

mild steel and was used as the working electrode. 

The second one, the counter electrode is a platinum 

plate with a surface area of 1.0 cm2, and the third 

one is Ag/AgCl as the reference electrode. 

Electrochemical impedance spectroscopy (EIS), 

linear polarization resistance (LPR), and 

potentiodynamic polarization (Tafel extrapolation 

method) measurements were conducted using a 

computer-controlled CHI 660B model 

electrochemical analyser. These measurements 

were performed in hydrochloric acid solution 

without and with various P. porelloides extract 

concentrations. Before all experiments, all working 

electrodes were immersed in electrolyte solutions 

for 1 hour to stabilize the corrosion process at open 

circuit potential (Ecorr). 

 

EIS tests were carried out at a frequency range of 

105 to 5x10-3 Hz with 5 mV amplitude applied to the 

corrosion process. LPR tests were performed at 

potential ranges of ±10 mV (Ag/AgCl) from the 

corrosion potential with a scan rate of 0.1 mV s-1. 

Then, the polarization resistances (*Rp) were 

calculated from the slope of this curve by drawing a 

current versus potential plot. The potentiodynamic 

polarization curves were created by first applying -

0.350 V from the corrosion potential to the cathodic 

potentials, and then +0.350 V from the corrosion 

potential to the anodic potentials, with a scanning 

rate of 1.0 mV s-1. Corrosion current density values 

(icorr) of the system were calculated by the Tafel 

extrapolation method from these curves. 

Surface images of working electrodes were taken 1 

h of duration in the electrolyte solution (1.0 M HCl) 

with and without P. porelloides extract by using a 

digital camera integrated OLYMPUS BX-51 

(Centre Valley, PA, USA) model optical 

microscope. Surface analyses were carried out only 

in 1.0 M HCl solutions with and without the highest 

concentration of P. porelloides extract. 

Experiments with three different techniques were 

conducted at ambient temperature (298 K). 

 

3. Results and Discussion 

3.1. EIS and LPR measurement results 

EIS measurements were performed to evaluate the 

effect of various concentrations of P. porelloides 

extract solutions on the corrosion inhibition of mild 

steel. This method is a highly preferred corrosion 

technique because it is sourced from alternative 

current and does not distort the surface. The 

evaluated results are presented in Figure 3 in the 

form of Nyquist and Bode diagrams (Sürme and 

Gürten, 2009; Özkır, 2019c). As a result of the 

concentrations tried in this study, it was decided that 

the 6 most effective concentrations to be studied 

were 0.0005%, 0.0010%, 0.0025%, 0.0050%, 

0.0075% and 0.0100% (w/v) respectively. 

Element % Element % Element % 

(C) 0.08400 (Si) 0.10200  (Mn) 0.40900 

(P) 0.01100 (S) 0.01900  (Cr) 0.06030 

(Mo) 0.01040 (Ni) 0.07890  (Al) Trace 

(Co) 0.00198 (Cu) 0.21700  (Nb) 0.00222 

(Ti) Trace (V) 0.01100  (W) Trace 

(Pb) Trace (Sn) 0.01620  (Sb) Trace 

(Fe) Remain     
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Figure 3. Nyquist and Bode plots of P. porelloides extract in 1.0 M HCl solution for 1h immersion at 298 

K 

 

EIS measurement data obtained by the experimental 

method were processed using Zview2 software and 

the equivalent circuits of the corrosion system were 

created separately for both the inhibited and 

uninhibited solutions (Fig. 4). Figure 4 presents two 

types of equivalent circuit models. One is for the 

blank solution (a) and the other is for the system 

containing the extract solutions (b). 
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Figure 4. Proposed equivalent circuits for uninhibited (a) and all inhibited (b) solutions 

 

According to Figure 4, the first difference between 

the two systems is the presence of film resistance 

(Rf), which is caused by adsorption in the presence 

of an inhibitor. In addition, another difference is that 

the equivalent circuit model valid for the inhibited 

system does not include inductance (L) and 

inductive resistance (RL), which only exist in the 

blank solution. Ultimately, these equivalent circuits 

describe that liverwort extracts are adsorbed onto 

the mild steel surface during the corrosion process. 

While the polarization resistance (Rp) includes the 

diffuse layer (Rd) and charge transfer (Rct) 

resistances in the uninhibited system, it is 

responsible for the sum of the film (Rf) and pore 

(Rpor) resistances in all P. porelloides-containing 

solutions. Pore resistance appears as a summary of 

all the accumulated (Ra) species, from the corrosion 

products formed there, to the diffuse layer and 

charge transfer, while the inhibitor is adsorbed on 

the mild steel surface. Therefore, it can be clearly 

said that all of these species contribute to the 

inhibition of the corrosion system. 

 

Figure 3 will better explain the events on the 

surface. Looking at the Nyquist diagram, almost all 

of them are depressed semicircles. The fact that the 

semicircles are depressed explains the existence of 

two time constants, both high and low-frequency 

regions, as can be better understood from the Bode 

diagram. In the blank solution, capacitive (high 

frequency) and inductive (low frequency) loops are 

more dominant. According to both the Bode plot in 

Figure 3 and Figure 4a, the high-frequency region 

defines the polarization resistance, which includes 

the resistances of charge transfer and the diffuse 

layer. On the other hand, the low-frequency 

inductive loop represents the relaxation process. In 

solutions containing liverwort extract, it behaves as 

depressed capacitive loops in both low and high-

frequency regions. Here, charge transfer and diffuse 

layer resistances are responsible for high frequency, 

while film resistance and all species accumulated on 

the surface are responsible for low frequency. The 

calculated EIS and *LPR parameters are indicated 

in Table 2 for 1 h immersion.  

Table 2. EIS and LPR experiment parameters at 298 K 

*Rp and *η: Values determined by linear polarization resistance method. 

 

Looking at the EIS values, the polarization 

resistance (Rp) of the blank solution was 72 , but 

this value gradually increased with the addition of 

Plagiochila porelloides extract to the medium. The 

highest Rp value was obtained with 0.0100% 

solution as 591 . Accordingly, the best inhibition 

(η%) of mild steel in solution containing 1.0 M HCl 

by EIS was also calculated as 87.8% at this 

concentration. In this study, the effect of P. 

porelloides extract on corrosion inhibition of mild 

steel in acidic solution was discussed by 

determining the percent inhibition efficiencies for 

each concentration. η% and *η% values in EIS and 

LPR methods were calculated by the equation given 

below (Li et al., 2021). 

C (w/v %)           
Ecorr  

(V/Ag/AgCl) 

CPE 

(µF cm–2) 
n 

Rs 

( cm2) 

RL 

( cm2) 

L 

(H) 

Rp 

( cm2) 

η 

(%) 

*Rp 

( cm2) 

*η 

(%) 

P. porelloides           

Blank -0.474 110 0.94 1.2 8 4 72 - 71 - 

0.0005 -0.539 100 0.90 0.1 - - 243 70.4 228 68.9 

0.0010 -0.533 95 0.88 0.2 - - 328 78.0 318 77.7 

0.0025 -0.537 90 0.86 0.1 - - 392 81.6 394 82. 

0.0050 -0.528 75 0.86 0.1 - - 526 86.3 551 87.1 

0.0075 -0.532 69 0.87 0.2 - - 546 86.8 561 87.3 

0.0100 -0.525 60 0.87 0.2 - - 591 87.8 611 88.4 
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100(%) 
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







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






p

pp

R

RR
                 (1) 

Where Rp and R′p and are in non-inhibited and 

inhibited polarization resistance values, 

respectively and η% is the percent inhibition 

efficiency value. CPE is the constant phase element 

and indicates the double layer formed at the 

interface between the metal and the solution. The n 

value represents the surface inhomogeneity 

coefficient. Both mentioned values were obtained 

as a result of fitting the experimental data obtained 

with EIS via Zview2 software. CPE values are 

inversely proportional to inhibitor concentration 

and Rp values. In other words, the more liverwort 

extract is adsorbed onto the mild steel surface, the 

smaller the CPE will be. As can be clearly seen from 

Table 2, as the inhibitor concentration enhanced, the 

polarization resistance values raised accordingly, 

whereas the CPE values diminished (Kumar and 

Yadav, 2020). CPE values ranged from 110 F cm-

2 to 60 F cm-2 with increasing concentration. The 

decrease in the n values in Table 2 as the inhibitor 

concentration in the process raises is another 

indicator of the decrease in the surface roughness 

(Özkır et al., 2012; Charitha and Rao, 2018). The 

solution resistance, Rs, also did not change too 

much. Another important point is the corrosion 

potential (Ecorr), which is another determiner of 

inhibition in the environment, which is called the 

open circuit potential. While this value was -0.474 

V in the blank solution, it shifted to more cathodic 

potentials with P. porelloides extract added to the 

solution. 

 

The polarization resistance (*Rp) and the inhibition 

efficiency (*η%) values calculated from the linear 

polarization plots are also shown in the far right 

column of Table 2 for 1 h immersion. The *Rp values 

found by LPR and the *η% values calculated from 

them are in great harmony with the findings 

obtained by EIS, as can be clearly seen in Table 2. 

It can be seen from Figure 3 and Table 2 that the 

adsorption of liverwort molecules on the mild steel 

surface is very evident with increasing resistance 

values as the liverwort extract is added to the 1.0 M 

hydrochloric acid solution. From this, it can be 

deduced with a net inhibition result of 88% at the 

optimum concentration that liverwort molecules 

form a tight film on the mild steel surface and delay 

the charge transfer that takes place at the interface. 

 

The main reason for the high inhibition effect of P. 

porelloides against mild steel in acidic solution can 

be attributed to the fact that it is a bryophyte species 

and the skeletal structure of the molecule contains 

important π-electron donors such as various 

phenolic compounds, terpenes, flavonoids, which 

are basically considered secondary metabolites. At 

this stage of the study, it can be interpreted that total 

inhibition occurs with all of the secondary 

metabolites in its structure. As a result, when the 

EIS and LPR measurements of this green inhibitor 

were taken into consideration after 1 h immersion, 

highly compatible and successful results were 

obtained. 

 

3.2. Potentiodynamic polarization measurement 

results 

The most well-known other name of this 

measurement is the Tafel extrapolation method, 

which covers semi-logarithmic current-potential 

curves. The aforementioned curves are indicated in 

Figure 5. Data calculated from potentiodynamic 

polarization curves for mild steel in 1.0 M 

hydrochloric acid solution with and without P. 

porelloides extract at 298 K are tabulated in Table 

3. The inhibition efficiency (η%) values calculated 

by the Tafel extrapolation method were calculated 

by means of the Equation (2) below (El Tamany et 

al., 2018): 

100(%) 






 


corr

corrcorr

i

ii
         (2) 

Where icorr and i'corr are blank and inhibited 

corrosion current densities, respectively. 

 

The adsorption of P. porelloides molecules on the 

mild steel surface is affected by the increase in 

concentration, as seen in Figure 5. Especially when 

looking at the cathodic side, this is even more 

evident, and the cathodic polarization curves also 

decrease as the concentration increases. At the same 

time, as can be clearly seen from Table 3, the 

corrosion current density values (icorr) also diminish 

with increasing concentration. Therefore, the 

effectiveness of inhibition also rises. The cathodic 

Tafel constant (-βc) values were also defined by 

extrapolation of the potentiodynamic polarization 

plots. While the -βc value was 108 mV dec-1 in the 

blank solution, it did not show much change in the 

solutions containing P. porelloides extract. The fact 

that this value does not change much means that the 

hydrogen evolution mechanism is not impressed by 

P. porelloides (Zohdy et al., 2021).
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Figure 5. Potentiodynamic polarization plots for mild steel in 1.0 M HCl solution with and without P. 

porelloides extract as a green corrosion inhibitor at 298 K  

 

Table 3. Potentiodynamic polarization data calculated for mild steel in hydrochloric acid solution with 

and without P. porelloides extract 

 

While the Ecorr values of the potentiodynamic 

polarization plots in Figure 5 were -0.475 V in the 

blank solution, they shifted to more negative 

(cathodic) potentials when the liverwort extract was 

added to the medium. The maximum potential 

change between blank and inhibitor-containing 

solutions is 66 mV (Table 3). Since this potential 

change (66 mV) is slightly lower than 85 mV, it can 

be said that the behaviour of the inhibitor in this 

electrolyte solution is close to the definition of a 

mixed-type inhibitor on the mild steel surface (Feng 

et al., 2021; Mao et al., 2021). The increment of the 

concentration of P. porelloides extract in 

hydrochloric acid solution attenuates the current 

densities and thus the slopes of both the cathodic 

and anodic polarization curves. However, the 

decrease in current density in the cathodic region is 

slightly more marked in solutions with inhibitors 

than in the blank solution and the anodic region. For 

this reason, P. porelloides extract acts as a cathodic 

controlled mixed-type inhibitor on the corrosion of 

mild steel in solution containing 1.0 M hydrochloric 

acid (Nam et al., 2018). While mixed-type 

inhibitors act on the metal surface, they play a role 

in both anodic and cathodic reactions. These 

inhibitors do not change the corrosion potential 

much, but reduce the corrosion current (Rodrigues 

et al., 2021). 

 

When the results obtained with the three 

electrochemical techniques for liverwort extract 

were examined, the common point of inhibition 

efficiency values of all three were found to be 

compatible with each other in the six concentrations 

studied. The distribution range of η% values was 

calculated by EIS, LPR and potentiodynamic 

polarization method as 70.4%-87.8%, 68.9%-

88.4%, and 72.4%-90.6%, respectively. The 

harmony of the three methods is better illustrated 

schematically in Figure 6. 

                                   

(298 K) 

P. porelloides extract concentration (w/v %) 

Blank 0.0005 0.0010 0.0025 0.0050 0.0075 0.0100 

Ecorr  

(V/Ag/AgCl) 
-0.475 -0.534 -0.541 -0.536 -0.539 -0.530 -0.530 

-c 

(mV dec-1) 
108 96 100 100 98 98 102 

icorr 

(µA cm-2) 
265 73 62 43 37 35 25 

η 

(%) 
- 72.4 76.6 83.8 86.0 86.8 90.6 
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Figure 6. The schematic visual expression of three electrochemical corrosion measurement methods 

 

3.3. The optical microscope results of working 

electrodes 

The influence of preventive P. porelloides as green 

corrosion inhibitor adsorbed on mild steel in 

hydrochloric acid solution after 1 h of duration was 

viewed by using optical (metal) microscope method 

as shown in Figure 7 (Özkır and Kayakırılmaz, 

2020; Abu-Baker et al., 2021; Ma et al., 2021). 

Surface images were only performed for 0.0100% 

(w/v) P. porelloides extract solutions with and 

without 1.0 M HCl. In this final stage of the study, 

the experimental results obtained by 

electrochemical measurements are confirmed by 

surface images taken with an optical microscope. 

Figure 7(a) reveals the surface view of an untreated 

bare mild steel electrode. This surface was only 

sanded and polished before the image was taken. In 

the surface image, the traces caused by the sanding 

process are clearly visible. 

 

 

  

Figure 7. Optical microscope images of the working electrodes after 1 h at 298 K 

 

P. porelloides
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Figure 7(b) shows the surface view of the working 

electrode immersed in 1.0 M hydrochloric acid 

solution (blank) for 1 h. It is obvious that the surface 

is highly affected and deformed by the aggressive 

solution without inhibitors. In addition, it is seen 

that very prominent deep cavities and pits are 

formed on the surface and it has an extremely rough 

structure. 

 

When it comes to Fig. 7(c), it can be seen that it has 

a very different appearance from Fig. 7(a) and 7(b). 

At the same time, on the surface of the blank 

solution in Fig.7(b), an almost completely smooth 

surface appearance stands out, in contrast to the 

very rough surface where the deep pits are closed. 

This is among the very clear evidence that the P. 

porelloides is adsorbed on the mild steel surface. It 

can be said that the surface image of P. porelloides 

in Figure 7(c) is extremely different from the other 

two surface images, there is an interaction between 

the metal and the green inhibitor, and this result 

supports the three electrochemical methods applied. 

 

4. Conclusions 

This study is remarkable in that it can be a solution 

to the phenomenon of corrosion, which cannot be 

prevented all over the world and has become the 

problem of most industries. In particular, it is an 

important study in terms of its first application and 

entry into the literature in terms of inhibiting the 

corrosion of mild steel in the hydrochloric acid 

solution of Plagiochila porelloides, a 

Marchantiophyta species, both as a non-toxic and 

completely green, nature-friendly inhibitor. 

 

According to the results of the 1 h exposure 

experiments performed by all three electrochemical 

methods, it was observed that the P. porelloides 

extract was very well adsorbed on the mild steel 

surface and provided high inhibition even at its 

lowest concentrations. From the EIS findings, it was 

observed that as the concentration of the liverwort 

extract increased, the polarization resistance values 

increased and the CPE values decreased, thus the 

inhibition effect increased. This is due to the 

increment in the number of organic molecules 

adsorbed on the metal surface as the inhibitor 

concentration increases. The EIS diagrams obtained 

in the inhibited solutions were in the form of a semi-

ellipse, unlike the blank solution. Inhibition 

efficiency values calculated from EIS and LPR 

findings, Rp and *Rp values increased at the same 

rate as P. porelloides extract was added to the HCl 

solution. 

 

The electrochemical behaviour of mild steel was 

examined by the potentiodynamic polarization 

(Tafel extrapolation) method, and the fact that the 

calculated -βc values did not change much in both 

solutions with and without inhibitor showed that the 

hydrogen formation mechanism was not affected by 

P. porelloides. In addition, it was concluded that P. 

porelloides behaved as a cathodic controlled mixed-

type inhibitor, since the enhancement in liverwort 

concentration in the acidic solution diminished both 

anodic and cathodic current density values more 

dominantly in the cathodic side. 

 

In order to analyse the effect of the inhibitor on the 

metal/solution interface in detail, surface images 

were taken, and it was observed that the surface 

image in the blank solution was quite rough and had 

large cavities compared to the image in the solution 

containing liverwort extract. The three 

electrochemical methods utilized as well as optical 

microscope analysis results are highly compatible 

with each other.  
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