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This work examines the effect of Pulicaria odora leaf extract effect as a green in-
hibitor on SS308 steel corrosion in a 1 mol L–1 hydrochloric acid solution. The electro-
chemical results reveal that inhibitory efficiency increases with the concentration of 
Pulicaria odora leaf extract, reaching a maximum inhibition rate of 94.6 % at 500 ppm. 
Potentiodynamic polarization curves suggest that the plant extract acts as an anodic-type 
inhibitor. The polarization and electrochemical impedance findings are in good agreement. 
Adsorption of the inhibitor on the steel surface is spontaneous and follows the Langmuir 
isotherm. Furthermore, a copper-based catalyst synthesized using Pulicaria odora extract 
produced a good yield, and this catalyst showed effective photodegradation of methylene 
blue. The CuO nanoparticles (NPs) synthesized from Pulicaria odora extract showed 
significant antimicrobial activity against the tested bacterial strains. 
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Introduction

All types of steel are prone to surface degrada-
tion in corrosive environments, particularly acidic 
media widely used in the petroleum industry for 
pipelines and other industrial installations, leading 
to significant material damage. From a thermody-
namic standpoint, most metals are inherently unsta-
ble in the presence of air and water, with only a few 
exceptions. However, if the corrosion processes oc-
cur slowly and effective protective measures are ap-
plied, these materials can perform reliably through-
out the intended service life of the system1. 
Corrosion is a natural process involving the chemi-
cal degradation of materials through reactions with 
their surrounding environment. Its form and severi-

ty depend on environmental conditions, resulting in 
either generalized corrosion or localized damage to 
the material2,3. Various surface modification tech-
niques have been developed to protect metals from 
corrosion. Chemical treatments using chromates 
have traditionally been widely used, particularly in 
the petroleum industry. However, due to the car-
cinogenic and environmentally dangerous nature of 
chromates, current research and laws are encourag-
ing safer alternatives. Organic corrosion inhibitors 
have emerged as a viable option in this context, pro-
viding corrosion protection that is both environ-
mentally benign and cost-effective4. In particular, 
green corrosion inhibitors have drawn significant 
global attention because of their non-toxicity and 
efficiency in preventing metal deterioration5.

At the same time, nanotechnology represents 
one of the most promising advancements in materi-
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als science, providing novel techniques to improve 
corrosion resistance6,7. Nanotechnology deals with 
the design, characterization, manufacture, and us-
age of substances and equipment that have exact 
control over structure, shape, and size at the na-
noscale. Numerous studies have examined green 
synthesis methodologies for copper oxides, empha-
sizing its potential for usage in a variety of applica-
tions8. This involves using a minimum of non-toxic 
chemical reagents to limit reaction by-products and/
or residual ions that could inhibit the intrinsic prop-
erties of the final material9.

The plant Pulicaria odora has been extensively 
studied by scientists10. Its multifunctionality, eco-
logical, environmental, socio-economic, industrial, 
medicinal, pharmaceutical, and cosmetic interests 
make it increasingly important. This study investi-
gates the use of Pulicaria odora leaf extracts as a 
green corrosion inhibitor11 for SS308 steel in a 1 
mol L–1 hydrochloric acid solution. Inhibitory per-
formance was evaluated using stationary (potentio-
dynamic polarization) and transient (EIS) electro-
chemical techniques. Additionally, green CuO 
nanoparticles were developed using the aqueous 
extract of Pulicaria odora leaves and tested for 
photocatalytic degradation of methylene blue and 
antimicrobial activity against the bacterial strains.

Materials and methods

Steel preparation and electrolyte

The sample employed in this research was 
SS308 steel. Its chemical composition is presented 
in Table 1.

The carbon steel electrode used in the experi-
ments was cut to expose a surface area of 1 cm². To 
ensure reproducibility, surfaces were mechanically 
polished using abrasive papers of increasing grit 
sizes, ranging from 100/250/300/400/600/800/1000 
up to the finest grit size of 1200, followed by rins-
ing with distilled water and drying.The test solution 
used in this study was hydrochloric acid (HCl) with 
a concentration of 1 M, prepared by diluting analyt-
ical grade 35–37 % HCl with distilled water, result-
ing in a solution with pH below 1. 

Electrochemical methods

Advanced electrochemical techniques, includ-
ing polarization profiling and electrochemical im-
pedance spectroscopy (EIS), were performed via 
the state-of-the-art Voltalab PGZ 301 potentiostat/
galvanostat system, a multifunctional platform for 
electrochemical analysis. Tests were implemented 
in a classic three-electrode configuration housed 
within a borosilicate glass electrochemical cell, 

comprising a platinum counter electrode and a satu-
rated calomel electrode (SCE) as the reference, en-
suring high stability and precision throughout the 
tests.

Potentials were estimated and reported at the 
saturated calomel electrode. To reach a quasi-steady 
state, polarization experiments were performed at a 
scan rate of 10 mV s–1. The measured potential was 
between –1200 and 200 mV. Impedance, Z, and 
phase shift Ɵ, were noted in the 100 kHz to 100 
mHz frequency domain. The superimposed AC sig-
nal was of 10 mV peak-to-peak amplitude.

Plant preparation

The selected plant species, Pulicaria odora, 
was dried at room temperature in a sheltered, mois-
ture-free setting to maintain its active components. 
The dried plant was then pulverized with an electric 
grinder, and kept in sealed containers, away from 
air, moisture, and light, until required for extraction, 
(Fig. 1).

Ethanol extract and green copper material 
preparation

An initial defatting step was performed by im-
mersing 20 g of Pulicaria odora biomass into 
200 mL of hexane for 15 minutes. Mixture was then 
filtered using filter paper and a vacuum pump (Fig. 
2). The retained plant residue was used for the sub-
sequent CuO nanoparticles synthesis.

For extraction, 160 mL of ethanol was mixed 
with 40 mL of distilled water. Subsequently, 2 mL 
of this solution was replaced with 2 mL of acetic 
acid to optimize the solvent composition. The re-
sulting modified solvent was then used to agitate 
the plant residue, enhancing the extraction of bioac-
tive compounds.

In addition, CuO nanoparticles were synthe-
sized by adding 500 mL of the ethanolic extract of 
Pulicaria odora to 1000 mL of a copper nitrate 
solution, which was prepared by dissolving 17 g of 
Cu(NO₃)₂ in 1 L of distilled water using a magnetic 
stirrer to ensure complete dissolution of the nitrate. 
The reactant mixture was maintained at 60 °C for 
15 minutes under continuous mechanical stirring. A 
visible color change from yellow to light brown in-
dicated copper nanoparticles formation (Fig. 3). The 
mixture was then let to settle, and the yielded pel-
lets were assembled and rinsed many times with 
distilled water to eliminate impurities, followed by 

Ta b l e  1 	– 	Chemical composition of SS308 steel

Element Cu Fe Mn Cr Co V Ni Mb

Mass (%) 0.13 70.52 1.2 18.45 0.44 0.06 10.01 0.01
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washing with 90 % ethanol. The purified product 
was dried to obtain CuO nanoparticles in powder 
form (Fig. 4).

Characterization of synthesized  
CuO nanoparticles

CuO nanoparticles (CuO NPs) were character-
ized using X-ray diffraction (XRD) and UV-visible 
(UV-Vis) spectroscopy. To evaluate the photocata-
lytic activity of the synthesized silver nanoparticles, 
we monitored the degradation of Methylene Blue 
dye. The initial concentration of the Methylene 
Blue solution was C0 = 7.5 ppm. An amount of 0.2 
g of the photocatalyst was added to 200 mL of the 

Methylene Blue solution to initiate the degradation 
process. The variation in the concentration of the 
irradiated Methylene Blue solution was measured at 
regular intervals by recording the absorbance of the 
dye, which absorbs in the visible region, using a 
UV-Vis spectrophotometer (SHIMADZU 1800) at 
664 nm. XRD measurements were performed using 
Cu-Kα radiation to investigate the crystalline struc-
ture and phase composition of the nanoparticles. 
The analysis was conducted using an D8 Advance 
Eco X-ray diffractometer (Bruker), equipped with a 
copper tube (λ = 1.54 Å). This device is designed 
for the study of polycrystalline samples, whether in 
powder form or as bulk materials. It operates in 

F i g .  1  – Preparation of Pulicaria odora for extraction

F i g .  2  – Pulicaria odora extract preparation

F i g .  3  – Simplified diagram of the mixing process between Cu(NO₃)₂ solution and the bioactive extract of Pulicaria odora
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Bragg-Brentano geometry under “Theta-Theta” 
mode, where the sample remains horizontal through-
out the measurement, with a focusing radius of 500 
mm.

Antimicrobial activity

A study was conducted to evaluate the antimi-
crobial efficiency of CuO NPs synthesized from 
Pulicaria odora against various bacterial strains 
from the American Type Culture Collection (ATCC). 
The strains tested comprised Staphylococcus aureus 
ATCC® 6538, a Gram-positive bacterium, as well as 
Escherichia coli ATCC® 25922 and Pseudomonas 
aeruginosa ATCC® 27853, Gram-negative bacteria. 
All the bacterial strains used in this study were sup-
plied by the Institut Pasteur d’Algérie. An agar dif-
fusion test was conducted to determine whether 
copper oxide nanoparticles synthesized from Puli-
caria odora inhibited bacterial growth. Every bacte-
rial strain was cultured in nutrient broth for 18 
hours at 37 °C. The inoculum of bacterial isolates 
was generated aseptically, and the cell density was 
set to 106 CFU mL–1 or 0.55 McFarland standard to 
enable consistent reseeding of Agar Muller Hinton 
plates with a sterile swab. Green copper oxide 
nanoparticles were successively diluted from 2048 
μg mL–1 to 1024, 512, 256, 128, 64, and 32 μg mL–1. 
Disks were positioned at specific locations on the 
gel-filled medium and filled with various amounts 
of nanoparticle solution (30 µL for each). After 24 
hours of incubation at 37 °C, Petri dishes were 
gathered, and the inhibition areas that developed 
within the disks were examined and measured.

Results and discussion

Inhibition of carbon steel corrosion with 
Pulicaria odora leaf extract

Polarization curves

In the log I = f(E) representations, (Fig. 5), two 
distinct segments can be observed for each curve. A 
cathodic segment corresponds to an oxygen reduc-
tion reaction at the steel surface, and an anodic seg-
ment represents an oxidation reaction12.

F i g .  4  – Process for synthesizing CuO nanoparticles using Pulicaria odora

F i g .  5 	–	 Polarization curves of SS308 in 1 mol L–1 HCl, with 
and without incorporation of multiple amounts of 
Pulicaria odora extract at 25 °C
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Corrosion current density (Icorr), corrosion po-
tential (Ecorr), cathodic and anodic Tafel slopes (Bc 
and Ba), inhibition effectiveness (E/%), and surface 
coverage (θ) values for various extract doses are 
presented in Table 2. Inhibitor effectiveness (E/%) 
and surface coverage (θ) were calculated using the 
following equations:

	 ( )corr corr inh

corr

I I
I

-
q= 	 (1)

	 /% 100E = q× 	 (2)

where, θ is the inhibitor surface coverage on the 
metal surface, Icorr is the corrosion current density 
value without inhibitor, and Icorr(inh) is the corrosion 
current density value with inhibitor.

Results in Table 2 show that corrosion current 
densities (Icorr) decreases with increasing extract 
concentration, while the inhibitory efficiency E/% 
increases with rising inhibitor doses, reaching an 
upper limit of 95 % at 500 ppm. Beyond 500 ppm, 
inhibition efficiency decreases significantly. Inhibi-

tor injection into the acidic solution alters the Tafel 
slope values, indicating that both anodic and ca-
thodic processes were impacted. The corrosion po-
tential shifts to more positive values in the presence 
of the inhibitor. According to Ferreira et al.13 and Li 
et al.14, a potential shift greater than 85 mV com-
pared to the blank classifies the inhibitor as anodic 
or cathodic15. In this study, the extract largely acted 
as an anodic inhibitor, as shown by a shift of more 
than 85 mV15. The corrosion potentials of the elec-
trode in the presence of the inhibitor tended to shift 
toward more anodic values compared to the poten-
tial of the electrode without the inhibitor16.

Electrochemical impedance spectroscopy (EIS)

EIS provides insights into corrosion and ad-
sorption phenomena17,18.

Nyquist plots obtained from EIS measurements 
for steel immersed in 1 mol L–1 HCl with and with-
out Pulicaria odora extract are shown in Fig. 6. In-
creasing the concentration of Pulicaria odora ex-
tracts increased impedance of the steel.

Moreover, a single capacitive loop was ob-
served at high frequency, indicating the presence of 
a one-time constant. The semicircles in the Nyquist 
plots for solid electrodes are slightly distorted. Sol-
id electrodes typically exhibit deviations from ideal 
behavior. This dispersion was attributed to surface 
roughness and other inhomogeneities of the solid 
electrode19. The abnormal dispersion of capacitance 
can be modeled by an element known as a Constant 
Phase Element (CPE)20. The use of CPE to account 
for non-ideal conditions on solid surfaces has been 
previously described19.

Furthermore, the addition of Pulicaria odora 
extract leads to an increase in the diameter of the 
semicircles compared to the blank solution, indicat-
ing the adsorption of inhibitor molecules onto the 
steel surface and the formation of an organic film.

The EIS results were well fitted using the 
equivalent electrical circuit shown in Fig. 7. This 
simulated circuit consisted of an electrolyte resis-

Ta b l e  2 	 –	Electrochemical parameters and corresponding 
inhibition efficiency of carbon steel at various 
concentrations of Pulicaria odora

C 
(ppm)

Ecorr 
(mV)

Icorr  
(mA cm–2)

Ba  
(mV dec–1)

Bc  
(mV dec–1)

E  
(%)

Blank –450.0 1.043 126.2 –157.5 /

100 –390.0 0.412 88.1 –168.7 60.50

200 –350.5 0.162 54.5 –183.1 84.40

400 –270.8 0.136 17.0 –297.8 86.90

500 –331.0 0.054 48.0 –185.9 95.00

600 –299.4 0.189 72.3 –257.9 81.86

F i g .  6 	–	 Nyquist plots of Pulicaria odora extracts at varying 
concentrations at 25 °C

F i g .  7  – Equivalent circuit modeling of steel 
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tance (Rs) in series with a constant phase element 
(CPE) in parallel with a charge transfer resistance 
(Rct). The impedance of a CPE can be defined by 
the following equation:

	 ( ) ( )2
CPE   3nZ Q j --= w 	 (3)

where Q is the CPE constant; j is the imaginary unit 
(–1)1/2; n is the CPE exponent, which can be used as 
an indicator of surface heterogeneity or roughness; 
ω is the angular frequency at which the imaginary 
component of the impedance is maximal:

	  2 fw = π 	 (4)

The relationship between the double-layer ca-
pacitance Cdl and Q is given by the following equa-
tion:
	 ( )11

dl ct    
nnC QR -=


	 (5)

The inhibitory effectiveness of steel corrosion 
is determined by the charge transfer resistance (Rct) 
readings employing the formula below:

 
	

0
ct ct

ct
/% 100

R R
E

R
-

= × 	 (6)

where R 0
ct and Rct are charge transfer resistances in 

the absence and presence of the inhibitor, respec-
tively27.

The impedance parameters obtained by fitting 
the EIS data using the equivalent circuit are sum-
marized in Table 3.

The inhibition efficiency of Pulicaria odora 
extracts, calculated from these parameters, follows 
the same trend as the charge transfer resistance, and 
reaches a maximum value of 94.6 % at a concentra-
tion of 500 ppm of Pulicaria odora extract21.

The charge transfer resistance (Rct) value estab-
lished without the inhibitor reveals steel degrada-
tion within the first hours of soaking, which is usu-
ally due to a conductive layer of corrosive 
substances22,23. As the extract quantity rises, charge 
transfer resistance (Rct) increases and the double-
layer capacitance (Cdl) decreases until the extract 

concentration reaches 500 ppm. This occurs due to 
the forming of a protective coating on the metal sur-
face. The drop in Q can be associated with a reduc-
tion in the dielectric constant and/or a rise in the 
double-layer thickness24. In simple terms, the addi-
tion of inhibitor limits the double-layer thickness, 
adjusts the oxide layer structure, and consequently 
lowers the Q value25,26.

On the impedance curve, a rise in the dimen-
sion of the loops indicates that film characteristics 
have improved.

Adsorption isotherms

Organic chemicals limit metal corrosion by ad-
sorption on the metal surface. Adsorption isotherms 
are thus a significant supplement that may aid in 
determining how these organic molecules adsorb on 
the surface. To derive the isotherm, one has to esti-
mate the surface coverage as a function of the in-
hibitor amount.

Various isotherms were examined to determine 
the adsorption type appropriate for the system in-
vestigated. The isotherms show that the surface 
coverage (θ) can be related to the inhibitor concentra
tion Cinh using the well-known Langmuir equation:

	  inh
inh

ads

1
 

C
C

K
= +

q
	 (7)

where Cinh is the concentration of the inhibitor 
(ppm), Kads is the adsorption equilibrium constant,  
θ is the surface coverage, and 1000 corresponds to 
the concentration of water molecules expressed in  
g L–1. R is the universal gas constant, and T is the 
absolute temperature.

Fig. 8 illustrates the linear relationship between 
Cinh/θ and Cinh at 298 K for the Pulicaria odora 
extract inhibitor. The linearity of this relationship, 
with a regression coefficient (R²) of 0.99, indicates 
good conformity with the Langmuir adsorption iso-
therm. The slope and intercept of the linear plot 
were determined, with the slope recorded as –0.92, 
i.e., close to unity. This slight deviation from ideal 
behavior may be attributed to interactions among 
the adsorbed species on the metal surface, such as 
mutual repulsion or attraction27. These findings sup-
port the adsorption of inhibitor molecules onto the 
steel surface, in line with the assumptions of the 
Langmuir isotherm, which posits monolayer ad-
sorption with no lateral interaction between ad-
sorbed species.

The adsorption free energy (ΔG°ads) could be 
obtained by equation (8)5,6

	 ΔG°ads ( )ads ads ln 1000G RT K° =- 	 (8)

where R and T represent the molar gas constant 
(8.314 J mol–1 K–1) and absolute temperature (298 

Ta b l e  3 	– 	Electrochemical impedance values of carbon steel 
in 1 mol L–1 hydrochloric acid solution containing 
different concentrations of Pulicaria odora 

C (ppm) Rs (Ω cm2) CPEdl (F cm–2) n Rct (Ω cm2) E (%)

Blank 5.66 0.22·10–3 0.97 50.79 /

100 1.47 0.74·10–3 0.88 161 68.4

200 1.21 0.90·10–3 0.93 301 83.1

400 0.98 0.26·10–3 0.79 598.8 91.5

500 1.73 0.37·10–3 0.75 950 94.6

600 1.64 0.46·10–3 0.84 485 89.5
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K), respectively. By calculation, the Kads value was 
about –23.84 kJ mol–1. The negative value of ΔG°ads 
confirms the spontaneous nature of the adsorption 
process and the thermodynamic stability of the ad-
sorbed layer on the metallic surface. This magni-
tude also suggests that the adsorption mechanism 
was predominantly physical in nature.

According to literature, ΔG°ads values more neg-
ative than –40 kJ mol–1 typically indicate chemisorp-
tion, whereas values between –20 and –40 kJ mol–1 
are indicative of electrostatic interactions and/or 
physisorption6. In this study, the obtained ΔG°ads val-
ues fall within the –20 to –40 kJ mol–1 range, con-
firming that both physical interactions contribute to 
the adsorption mechanism of the Pulicaria odora 
inhibitor on the carbon steel surface.

XRD analysis

Plant-derived CuO nanoparticles phase compo-
sition was assessed using X-ray diffraction (XRD) 
as highlighted in Fig. 9, revealing 12 distinct dif-
fraction peaks. Bragg diffraction peaks observed  
at 2θ values of 32.14°, 35.82°, 38.48°, 49.11°, 
53.40°, 58.1°, 61.59°, 66.89°, 72.1°, and 74.66°, 
were attributed to the (110), (–111), (111), (–202), 
(020), (202), (–113), (–311), (311), and (–222) crys-
tallographic planes, respectively. The XRD pattern 
confirmed that the CuO nanoparticles, synthesized 
from the plant extract, exhibited a face-centered 
cubic (FCC) crystalline structure, as per the Joint 
Committee on Powder Diffraction Standards 
(JCPDS) file number 80–1268. The prominent 

F i g .  8 	–	 Langmuir adsorption isotherm of steel with varying doses of 
Pulicaria odora leaf extracts at 25 °C

F i g .  9  – XRD results of plant-based copper oxide nanoparticles

CUO

2 θ (degree)

in
te

ns
ity

 (a
.u

.)

Cinh (ppm)

C
in

h /
q 

(p
pm

)

y = 0.92565x + 66.1863



164	 K. Dob et al., Pulicaria odora Ethanolic Extract as a Corrosion Inhibitor…, Chem. Biochem. Eng. Q., 39 (3) 157–166 (2025)

peaks in the 2θ range of 35–39° further corroborate 
CuO nanoparticles formation, in line with previous 
studies29,30.

Photocatalytic activity

In this section, we evaluated the photocatalytic 
activity of CuO nanoparticles (NPs) for the degra-
dation of Methylene Blue (a model dye compound), 
both in the presence and absence of the catalyst. 
The first step of the experiment was dedicated to 
the adsorption of the dye from the solution onto the 
surface of the catalyst. This adsorption phenomenon 
leads to a more or less significant decrease in the 
dye concentration in solution, depending on the cat-
alyst/dye system.

To accurately study the photocatalytic degrada-
tion kinetics, irradiation must begin only after the 

adsorption equilibrium has been reached. The ad-
sorption step is carried out in the dark until the 
equilibrium concentration is achieved. In practice, 
after approximately 30 minutes, equilibrium was es-
tablished, with only minimal degradation observed. 
However, upon exposure to light using a lamp, the 
degradation efficiency increased significantly.

In photocatalytic reduction of Methylene Blue, 
250 mL of a 15 ppm Methylene Blue solution was 
put in a quartz container. An amount of 0.2 g of 
CuO nanoparticles catalyst was added to the mix-
ture, which was then subjected to UV-C lamps. 
Methylene Blue amount was measured over time 
using UV spectroscopy at a wavelength of 664 nm. 
The measured concentration variations were then 
used to calculate the effectiveness of photocatalytic 
reduction as indicated by decolorization:

	 ( ) 0

0
 Effectiveness % 100 

C C
C
-

= × 	 (9)

As shown in Fig. 10, the decolorization effec-
tiveness increased over time. A control experiment 
without the catalyst showed no visible color change 
even after three days, confirming the catalyst’s es-
sential role. In contrast, the presence of CuO NPs 
led to an 80 % decolorization within just 150 min-
utes. The catalyst facilitates electron transfer be-
tween Methylene Blue molecules, which adsorb 
onto its surface and gradually lose their color31. 
These findings demonstrate the high effectiveness 
of CuO NPs in promoting Methylene Blue degrada-
tion32.

Antimicrobial activity

The study of the antimicrobial properties of 
CuO nanoparticles (NPs) synthesized from Pulicar-
ia odora extract produced promising results. The 
inhibition diameters measured at different concen-
trations of nanoparticles revealed significant inhibi-

F i g .  1 0 	 –	 Degradation efficiency of Methylene Blue with/with-
out copper oxide nanoparticles catalyst

F i g .  11  – Illustration of CuO nanoparticles antimicrobial activity essay
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tory activity versus the bacterial strains assessed, 
namely E. coli, S. aureus, and P. aeruginosa. A 
dose-dependent trend was observed (Fig. 11), where 
a boost in NP concentration correlated with larger 
inhibition diameters, suggesting a direct relation-
ship between NP concentration and their antimicro-
bial activity.

However, variations in the sensitivity of bacte-
rial strains were also noted, indicating that the re-
sponse to CuO nanoparticles may be influenced by 
specific bacterial characteristics. For example, P. 
aeruginosa (28.15±1.89 mm) showed relatively 
higher sensitivity than S. aureus (20.66 ±1.71 mm) 
to lower concentrations of nanoparticles, Table 4, 
while S. aureus appeared to be more sensitive to 
higher concentrations than E. coli. These findings 
are similar to those of previous studies on the anti-
bacterial activity of Pulicaria odora plant33–35. Fur-
thermore, in some cases, the antimicrobial activity 
of NPs was below the detection limit at certain con-
centrations, highlighting the need to consider higher 
concentrations or other detection methods for fur-
ther analysis. These results highlight the promising 
potential of CuO nanoparticles synthesized from 
Pulicaria odora extract as effective antimicrobial 
agents. They also highlight the crucial importance 
of better understanding the specific sensitivity of 
different bacterial strains. This detailed understand-
ing is essential to optimize the use of these nanopar-
ticles in various medical and environmental appli-
cations, where their efficacy could have a significant 
impact.

Conclusion

This study demonstrates that Pulicaria odora 
leaf extract is an effective green inhibitor for the 
corrosion of steel in corrosive environments. Elec-
trochemical analyses confirmed that the extract pri-
marily acts as an anodic-type inhibitor, achieving a 
maximum inhibition efficiency of approximately 95 
% at a concentration of 500 ppm—an observation 
generally consistent with both polarization and 
electrochemical impedance spectroscopy (EIS) 
methods. The inhibitor adsorption onto the steel 
surface follows the Langmuir isotherm, with nega-

tive DG°ads values revealing a spontaneous and pre-
dominantly physical adsorption process. Additional-
ly, Pulicaria odora extract was successfully applied 
to synthesize CuO nanoparticles, showing promis-
ing photocatalytic activity in Methylene Blue deg-
radation. These findings highlight the dual function-
ality of Pulicaria odora as both a corrosion inhibitor 
and a sustainable source for nanomaterial synthesis, 
offering significant potential for eco-friendly indus-
trial applications.
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