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ABSTRACT

The Corrosion Inhibitive effectiveness of Urena lobata leaves extract on mild steel in 1M NaOH
solution was investigated via gravimetric, Electrochemical and Surface analyses. Adsorption isotherms
were investigated using the Langmuir and Freundlich plots. Gas Chromatography-Mass Spectrometric
(GC-MS) technique was used for phytochemical screening. The protective effect of the leaves extract
through immersion time, temperature and concentration were obtained. The results showed increasing
inhibition efficiency with corresponding increase in extract’s concentration and protection was more at
lower temperature. Using 2.5¢/L of extract concentration, maximum inhibition efficiency of 100% was
recorded. The corrosion rate increased with corresponding increase temperature in the basic medium.
The adsorption process reduced as temperature increased thereby indicating physisorption.
Chemisorption was detected since the Langmuir isotherms gave the best fit and observations from
inhibition efficiency with varying temperature, activation energy and enthalpy of adsorption values
confirmed physisorption thereby indicating extracts’ mixed properties. The inhibition efficiencies (% IE)
were attributed to the phytochemical components (alkaloids, saponins, flavonoids, tannins, cynagenic

glycosides) present in the extract. Urena lobata is an effective corrosion inhibitor of mild steel.
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Introduction

Across the globe acid solutions are used in industries to get rid of rust and scales from metal
equipment surfaces like water tanks and heat exchangers. It is eminent that corrosion of metal-
based materials easily occurs in basic media. Corrosion is the process in which a refined metal is
converted naturally to a form that is stable such as its oxide, sulphide or hydroxide state that
enhances deterioration of the material [8-12].

Corroded products act as poisonous contaminants in food, drugs, paints, dyes and other chemical
production industries [15]. One the ways of effectively reducing/preventing corrosion is by
addition of inhibitors to the metal surface in solution and these inhibitors possess suitable
functional groups, long alkyl chain, aromatic rings, multiple bonds and presence of heteroatoms
such as sulphur, oxygen, phosphorus and nitrogen which make up their inhibitive ability [10-11].
Due to environmental rules and ecological alertness, more consideration is geared towards
developing nontoxic, biodegradable, environmentally friendly replacements for organic and
inorganic corrosion inhibitors, used in the past® in which medicinal herbs, plants, fruits and
vegetable peel extracts are the major [1].

Lately, the use of plant extracts are being considered as metals/alloys corrosion inhibitors and its
effectiveness is traced to the existence of some organic compounds like saponins, alkaloid,
steroids, tannin, glycosides and amino acids [6-9] which inhibit corrosion on the metal surface
because of its electron donating ability thereby protecting the metal from losing electrons. This
has lately become the focus of thorough examination in the field of corrosion research [2].

The Green inhibitor used is the Urena lobata, commonly referred to as Caesar weed or Congo
jute, is a tender perennial, erect, variable, ascendant shrub or subshrub with height of about 0.5 m
to 2.5 m It is a weed commonly found on waterways, open woodlands, waste areas, roadsides
and disturbed locations in tropical and sub-tropical regions [18]. This plant extract is being
considered since it has phytochemicals with the probable of inhibiting corrosion like other green
inhibitors.

The inhibitive effect of Urena lobata leaves extract in 1 M NaOH solutions on mild steel is being
assessed by phytochemical screening of the extract and determining the corrosion inhibitory
ability and thermodynamic parameters of the extract by gravimetric analysis, Adsorption
Isotherms, Scanning Electron Microscope (SEM), Potentiodynamic Polarization (PDP) and

Electrochemical Impedance Spectroscopy (EIS).

226



International Journal of New Chemistry, 2025, 12 (3), 225-241 Maduelosi et al

Materials and Methods
Collection and Preparation of Coupons

The metal coupons used in this research were gotten from Faculty of Engineering, Mechanical
Engineering Workshop, Rivers State University, Nkpolu-Oroworukwo, Port Harcourt, Rivers
State, Nigeria. The mild steel had a thickness of 0.9 mm. They were mechanically cut into
coupons with measurements of 3 cm x 3 cm and kept in moisture free desiccators after weighing

for corrosion studies.
Collection and Preparation of Plant Extracts

The leaves of Urena lobata were gotten from Nwineenae’s garden, Zaami street, Bori-Ogoni,
Rivers State, Nigeria. Ethanol was used to extract from the plant powder via the batch extraction
method. leaving the plant extract paste. Varying concentrations of extract (0.5, 1.0, 1.5, 2.0 and
2.5 g/L) were prepared and used for this study. The phytochemical components of the leaves

extract were determined by GC-MS analysis.
Gravimetric Assessment (Weight Loss Method)

The corrosion study was carried out by determination of weight loss of the metals at different
temperatures, basic concentrations and different time intervals.
The corrosion rates (CR), degree of surface coverage (0), and inhibition efficiencies (% I.E)

values were obtained from the weight loss data applying the equations below
CR (g/cm?h) = == (1)
WL represents weight loss in gramme, A represents metal surface area and t represents

immersion time in hours.

CRE1ant— CRInhihitar
e:[ Blank Inhlbltu.] (2)
CRElank
CRglant— CRInhibitor
% IE = [ Blank Ini‘uern.] ¥+ 100 (3)
CRElank

Where CRypiank represent corrosion rate without plant extract while CRnnibitor represent corrosion

rate with plant extracts.
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Thermodynamic Analysis

The temperature effect on the process of corrosion was investigated using the Arrhenius
equation;

K = Ae Fa/RT (4)

Where the rate constant is K, activation energy is represented as E,, pre-exponential Factor as A,
universal gas constant represented as R and absolute temperature represented as T.

Mathematically, Rate Law states that;

_ —din) _ n
rate = —= =K(I) (5)

The Inhibitor is given as I, the inhibitor concentration in mol per dm?as (I), the rate constant as
k, t is the reaction time and the order of the reaction as n.
Though, Assumptions of the pseudo zero order condition corrosion was used in the inhibition

studies. Hence,

w0 = K@ ®)

rate =

equation 3.6 becomes

—ar) _

dit) K )

Therefore, using the condensed Arrhenius equation 8 in calculating the activation energy (Ea),

rate =

the rate constant, K is replaced with the corrosion rate CR

E, = 2303R[Log(22)x (23] )

The corrosion at temperature T2 and T are represented by CR2 and CRy respectively and the
universal gas constant as R.

Equation 9 was used to calculate the leave extract’s Heat of Adsorption (Qads)

8. 8. T, T
E, = Z.SDER[ Log (ﬁ) —Log( ;) x ()]
(9)
Given that 01 and 02 represents respective degree of surface coverage values at their

corresponding temperatures T1 and T». Since the reaction was done at constant pressure, the Heat

of Adsorption (Qads) Were approximately equated to change in enthalpy of adsorption (AHads).
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Electrochemical Impedance Spectroscopy (EIS)

The EIS analysis was determined using a Gamry Reference 3000 advanced electrochemical
workstation in a conventional three electrode cell, using Saturated calomel electrode (SCE) as
the reference and platinum electrode as the counter electrode. The mild steel was the working
electrode having an exposed surface area of 1 cm?2. The test solution (1 M NaOH) was used as
the electrolytes in the presence and absence of different inhibitor concentration. Before the tests,
to get a steady state for accurate reading, at open circuit potential (OCP) the mild steel electrode

was immersed in test solution for duration of 1 hr.

Determination of EIS values were calculated over a broad range of frequencies from 100 kHz to
10 mHz, with a 10 mV amplitude sinusoidal voltage. The diameter of semicircles of Nyquist

plots was used to deduce the charge transfer resistance and values of corrosion inhibition

efficiency (7.5 ) was calculated applying equation 10:

Nizs (%) =~ X 100 (10)

ctiinh )

Reyinhy represents charge transfer resistance with inhibitor while Rct represents charge

transfer resistance without inhibitor.
Potentiodynamic Polarization (PDP)

The potentiodynamic polarization (PDP) measurements were conducted in +250 to -250 mV
potential range in an open circuit potential (OCP) at 1 mVs™ scan rate. To confirm cogency of
full potentiodynamic polarization scan, separate cathodic and anodic polarization experiments
starting from the OCP with a new solution and a new specimen were conducted for all samples.
Tafel extrapolation technique was used to deduce the corrosion potential (Ecorr), cathodic and
anodic Tafel slope (fc and Ba), corrosion current density (icorr) Values. Equation 11 was used to

deduce corrosion inhibition efficiency (77ppp ):
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0 .
Nopp (%) = 25— X 100 (11)

teorr

icorr and i°

corr

represents the respective corrosion current densities with and without inhibitor.

Gamry Echem Analyst software was used to analyze data obtained from EIS and PDP curves. To
guarantee a satisfactory reproducibility the electrochemical measurements were repeated trice

under the same experimental conditions.

Surface Analysis (SEM)
The SEM technique was done to investigate the effectiveness of inhibition of Urena lobata
extract on the mild steel surface. The specimens were introduced into 1 M NaOH without and

with Urena lobata extract for six hours and SEM of mild steel specimens were taken.

Resultes and Discussion

Table 1: Phytochemical components of Urena lobata leaves.

Chemical Constituents Composition mg/ml
Alkaloids 0.11+0.01
Flavonoids 1.30+0.03
Tannins 7.93+0.01
Saponins 0.29+0.01
Cynagenic Glycosides 0.33+0.01

The phytochemical results presented in Table 1 shows the availability of saponins, alkaloids,
flavonoids, tannins, and cynagenic glycosides in the plant sample. These phytochemicals may be
responsible for the corrosion inhibitory ability of the Urena lobata plant extract as seen from the
results obtained from this study since the phytochemicals found can easily donate electrons (i.e

they possess lone pair of electrons) to the metal surface thereby forming a thin protective

230



International Journal of New Chemistry, 2025, 12 (3), 225-241 Maduelosi et al
|

covering that reduces the rate at which the metal losses electrons. Similar report was made

earlier [4].

0.14
0.12

0.1
0.08
0.06
0.04

Weight loss

0.02
o M — —

Blank 0.5 g/L 1g/L 1.5g/L 2g/L 2.5g/L

M 24 hrs 72 hrs 120 hrs 168 hrs

Figure 1. Mild Steel Weight Loss In Basic Media At Ambient Temperature And Different Time Intervals

Figure 1 show the weight loss chart of mild steel coupons immersed in 1 M NaOH solution for
24 hrs, 72 hrs, 120 hrs and 168 hrs. The results show significant loss in weight of metal coupons
with increase in varying time of immersion and extract concentrations (blank, 0.5, 1.0, 1.5, 2.0
and 2.5 g/L). This is ascribed to extract’s protective ability on the metal surface. This may be
because there was more interaction between active molecules in the medium and the metal
thereby increasing the adsorption level by forming a thin coating that shields it from corrosive
attack and hence increasing its inhibitory ability compared to that of the basic medium. Similar

findings were made [17].

Weight loss

Figure 2. Mild Steel Weight Loss in Basic Medium at Varying Temperatures and varying time

The results in Figure 2 show the weight loss chart of the metal coupons when immersed in 1 M
NaOH solutions at 303, 313, 323 and 333 K at different time intervals (2hrs, 4hrs, and 6hrs).
From the results, the weight loss increased with corresponding increasing temperature and time

for different extract concentrations. The metal coupon protection increased significantly with
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corresponding increase in concentration of extract indicating that there may have been formation
of a thin coating on metal surface by extract’s active molecules thereby shielding it from

corrosive attack which was similar with observations made [14]. The results also reveal that

0.14
0.12
- | ‘ | | ‘ |
Blank 058 18/l 1.5 g/ 2g/1 2.5 g/l
n0.5M 1M )M IM

adsorption reduce as temperature increases thereby indicating physisorption similar with findings

[14].

Weight loss

Figure 3.Mild Steel Weight Loss in Varying Concentrations of Basic Medium at Ambient Temperature
for 24 hrs

Figure 3 shows the weight loss chart of metal coupons in 0.5M, 1M, 2M, and 3M solutions of
NaOH for 24hrs. Observations from the chart indicated little or no loss in weight with
corresponding increase in extract concentration. For effective protection of metal coupons, there

was greater interaction between the compounds present in the extract, [13] reported similar

observation.

CR (mg cm* hr)

Figure 4. Corrosion Rate of Mild Steel at VVarying Temperatures

The chart in figure 4 shows the corrosion rate of mild steel when immersed in basic solution at

varying temperatures with varying time intervals. The charts show that there was a slight
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difference between the rate of corrosion of the specimens with and without extract concentration.
The chart also showed that the corrosion rate at 303K was very low and increased significantly at
313 K, 323 K, 333 K showing maximum corrosion rate at 4hrs duration. The chart also showed
corrosion rate decrease as the extract concentration increased which may be due to the protective

ability of the leave extract. Similar findings have been reported [13].

Weight loss

Figure 5. Surface Coverage of Mild Steel at Different Temperatures.

Figure 5 present the results of surface coverage of mild steel when immersed in basic
environment at varying temperatures with different time intervals. The surface coverages
increased with increase in extract concentrations at the different temperatures as also reported
earlier [9]. This means that the surface of the coupons gets more protected as the concentration of

ULLE increases.

120

100

Inhibition Efficiency

303K 313K 323K 333K

WBlank W05 1 W15 N2 E25

Figure 6. Extract’s Inhibition Efficiency on Mild Steel at Varying Temperatures

Figure 6 shows chart of inhibition efficiency of ULLE on mild steel when immersed in basic
concentration at varying temperatures. Result reveals significant increase in inhibition efficiency

with corresponding increase in extract concentration at different temperatures as also similarly
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reported [9]. The maximum inhibition efficiency was 100% at 313K in 2.5g/L extract

concentration.

Maduelosi et al

Table 2. Thermodynamic Parameters for Mild Steel Coupons at 30°C

Generally, physisorption enthalpy is less than 80 kJ/mol while that of chemisorption approaches
100 kJ/mol. From Table 3 the enthalpy of adsorption (AHads) for the leaves extract suggested that

the inhibitor exhibits physical adsorption on the metal surface since most of the values are less

than 80 kJ/mol.

Plant

sample

Urena

lobata

Extract

concentration (g/L)

Blank

0.5

1.0

1.5

2.0

2.5

Ea (kJ/mol)

77.2

50.6

32

125.8

85.7

AHads

(kJ/mol)

88.1
95.2
-63.6

-10.2

Table 3. Mild Steel Extract’s Surface Adsorption Values for Langmuir and Freundlich Adsorption

LogC Log (8)
303K
-0.301 -0.785
0 -0.478
0.176 -0.081
0.301 -0.081
0.398 0

313K

-0.426
-0.204
-0.164
-0.091

-0.058

323K

-0.301
-0.249
-0.180
-0.159

-0.120

Isotherm

333K

-0.367
-0.339
-0.267
-0.224

-0.204

Log C/0

303K 313K
0.484 0.125
0.478 0.204
0.257 0.340
0.382 0.392
0.398 0.456

323K

0.249
0.357
0.460

0.518

333K

0.066
0.340
0.443
0.525

0.602
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Log C/0

\\/"'

LogC

Figure 7. Langmuir plots for Urena lobata at Different Temperatures on Surface of Mild Steel

Log 0

LogC

Figure 8. Freundlich Plots for Urena lobata at Different Temperatures on Surface of Mild Steel

Figures 7 show the Langmuir plots of the plant extract at different temperatures when immersed
in IM NaOH for mild steel. Langmuir plots were drawn using Log C/0 against Log C. Figures 8
show the Freundlich plots of the plant extract at different temperature in basic medium for mild
steel. Freundlich plots were drawn using Log 0 against Log C. After comparing the Langmuir
data obtained with that of the Freundlich for the plant extract, it was observed that the Langmuir

plots fitted better. This suggests Physisorption and indicates monolayer adsorption
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250 —
—®— 1 M NaOH (Blank)
—®— 1.0 g/L ULLE
—e— 1.5 g/L ULLE
®—20g/L ULLE
200 + 2.5 g/L ULLE

150 o

-Z,, (Qem?)

100 —

o T T T
(o} 50 100 150 200 250
Z,, (Q cm?)

Figure 9. Nyquist Plot of Mild Steel in Different Concentrations of ULLE

Table 4. Mild Steel EIS Values of Varying Urena lobata Leaves Extract (ULLE) Concentrations in Basic
Medium
Conc. Rs ( Rt (@ Ca(uF N M (

(g/L) cm?) cm?) cm?)

%)
Blank 0.898 1369 5946 0.890 -
1.0 0924 4920 317 0892 722

15 0959 6083 195 0.897 775

2.0 0.931 10058 10.4 0901 86.4

2.5 0927 22517 2.03 0.907 939

Figure 9 presents electrochemical assessment of the corrosion inhibitory ability of the leaf
extracts of Urena lobata on mild steel in basic medium. From plots of imaginary impedance (-
Zimg) against the real impedance (Zreai); it is observed that there is a formation of a semicircle at
the real impedance, beginning from zero (0) (the origin of the plots; region of high impedance to
about 450 Q (region of low impedance). The beginning of the semicircle measures the solution
resistance while the end of the semicircle measures the charge transfer resistance as presented in
table 4. From chart, the semicircle diameter increased with corresponding increase of
concentration of extract. This may be because of the surface adsorption of active components in

the extract on the metal thereby causing a reduction in the rate at which electrons move from the
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metal, hence increasing the impedance. The blank shows the least diameter of the semicircle
which maybe because there is no inhibitor in it to reduce the flow of electrons from the metal.
The Table 4 shows a 93.9% maximum inhibition efficiency in the 2.5g/L extract concentration.

Similar observation was made [7].

Table 5. Polarization Curve Values for Mild Steel in Varying Concentrations of ULLE

Conc. icorr Ecorr Pa Be Nepp
(g/L) (MA/cm?)  (mV/SCE (mV/dec) (mV/dec) (%)
)

Blank 374.0 687.4 [48.2 196.1 -

1.0 258.3 590.3 [27.5 184.0 70.4

15 131.4 600.1 [21.7 183.6 85.0

2.0 2.1 618.4 19.3 165.4 89.5

2.5 36.8 591.5 [15.3 81.6 95.8

log i (A cm-?)

—e— 1 MHCI
7 |—e—1.0gL ULLE
—o—1.5 gL ULLE
2.0 glL ULLE
_e—25gL ULLE
T T T T T T T T T

-1000 -800 -600 -400 -200
E (mV vs SCE)

Figure 10. Polarization Curves of Mild Steel in Varying ULLE Concentrations
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Figure 10 displays the graph of the potentiodynamic polarization of ULLE on mild steel
(Corrosion potential, Ecor (V/SCE) plotted against log icor (MWA /cm?). During the
potentiodynamic polarization measurements, the potential of the working electrode was varied
while observing the corrosion current (icorr). The plots show the reactions at the anode and the
cathode. The righthand side is the anodic branch while the lefthand side is the cathodic branch.
The topmost branch shows the blank (without inhibitor). From the plots, with increasing extract
concentration, there was gradual decrease in the anodic and cathodic branch to a lower current
density. The inhibitive effect was more on the anodic branch, although it was felt on both the
cathodic and anodic branch hence it is considered a mixed type inhibitor which is similar
observation made earlier [16].

Table 5 presents the corrosion potential (Ecorr), corrosion current (leorr), cathodic slope pec

(mV/dec), anodic slope Sa (mV/dec), and 77,55 (%0). The anodic slope (Ba) values decreased more

than the cathodic slope (fc) values, suggesting that the inhibition is affecting the anodic branch
more than the metal dissolution branch, thereby preventing it from corrosive attack. The presence
of ULLE decreased the corrosion current (lcorr) from 874 to 36.8(uA/cm?). This observation
suggests that ULLE present in the basic test solution retarded the anodic reaction (loss of
electrons) of the metal and with percentage of inhibition efficiency directly proportional to the

extract concentration.

20pum EHT=20.00KV  SignalA=SE1 Date: 4" Oct. 2022 P
F—  WD=150mm  Mag= x1000 (CIFC) IT BHU

Figure 11. Micrographs of Mild Steel Sample after 6 hrs in 1 M NaOH (blank)
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v

20um EHT-2000KV SignalA=SE1 Date: 4 Oct. 2022 m

F— WD=143mm  Mag= x1000 (CIFC) IT BHU

Figure 12. Micrographs of Mild Steel Sample after 6 hrs with 2.5 g/L ULLE

The mild steel surface morphology in basic solution without plant extract in Figures 11 show that
the surface was badly damaged. This may be due to attack of the corrosion media on the metals.
Figures 12 is the Scanning electron micrograph of metal coupon with 2.5 g/L of the extract.
From the Micrographs, the specimen with ULLE indicated improvement in the surface
roughness when compared to that of the blank, signifying effective surface adsorption of the
extract; thereby reducing loss of electrons (corrosion attack) that causes the roughness of the

surface.

Conclusion

Urena lobata leaves extract inhibited corrosion of mild steel effectively when immersed in 1 M
NaOH solution. The inhibition efficiency increased with corresponding increase in concentration
of extract. Protection was more at lower temperature. Data from the gravimetric analysis fitted
better with the Langmuir adsorption isotherm plot when compared to the Freundlich plot.
Enthalpy of adsorption (AHags) for the leaves extract was less than 80 kJmol? suggesting
physical adsorption.

EIS result confirmed the corrosion inhibitory potential of ULLE with 93.9% maximum inhibition
efficiency and similar with Potentiodynamic Polarization (PDP) results with maximum inhibition
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efficiency of 95.8% in 2.5 g/L extract solution. Another confirmation for the inhibitory action of

the leaves extract was obtained using the Scanning Electron Microscopy.

Appreciation: We wish to appreciate the contributions of Dr. P.U. Adiukwu and Dr. T. Jack to

this work.
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