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Abstract: Techniques for weight loss, electrochemistry, scanning electron microscopy (SEM), and Fourier 

transform infrared spectroscopy (FTIR) were used to investigate the inhibitory impact of Lannea microcarpa 
leaves extract. The weight loss data showed that the plant extract's ability to suppress corrosion increased 
with higher concentrations and decreased with higher temperatures and HCl acid concentrations. According 
to the electrochemical data, the plant extract uses a mixed type mechanism to limit both cathodic and 
anodic reaction rates. Calculated activation energies were found to be higher in inhibited systems than in 
uninhibited systems, indicating physisorption, while negative values of ∆G point to a process that is both 
possible and spontaneous. The inhibitory mechanism was demonstrated by FTIR spectra to be an 

adsorption process through the functional groups present in the phytochemicals of the plant extract onto 
the surface of Al metal. SEM surface morphology study demonstrated the protection that the extract 
provided on the metal surface. Compared to other isotherm models that were examined, the adsorption 
data were found to be more reliable and suited the Langmuir isotherm well. 
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1. INTRODUCTION 

 
Due to their low cost, high strength, ductility, 
formability, durability, and conductivity, aluminium 
and its alloys are employed in a variety of industries 
and in a variety of capacities (1). Despite the fact 
that aluminium promotes the formation of a 

compact, adherent passive oxide film to protect it 
from corrosion in a variety of environments, this 
film's surface is amphoteric and dissolves 
significantly when the metal is exposed to strong 
acid or base solutions, making it susceptible to 

corrosion (2). Metal corrosion management can be 
achieved using a variety of approaches, but using 

inhibitors is the most efficient, secure, and cost-
efficient approach (3). Due to the hazardous effects 
of synthetic chemicals on human and animal life 
during their manufacturing and usage, synthetic 
inhibitors are increasingly causing greater 
environmental problems (4). For their eco-
friendliness, accessibility, cost, and effectiveness, 

phyto-inhibitors are now receiving more attention in 
the research community than their synthetic 
equivalents (5). 

Lannea microcarpa, an African grape that is 

dioecious and a member of the Anacardiaceae 
family, is found in the Sudanian zone (6). It has a 
70cm diameter and a maximum height of 15 
meters. It has a spherical parasol-like top with a 
few branches that fall and have dense foliage (7). 
The species can be found over much of Nigeria and 

the western Sahel (typically in rocky regions with 
pockets of sand) (8). We have found that there is a 
dearth of literature on the use of Lannea microcarpa 
as a corrosion inhibitor for Al metal. This paper 
focuses on the application of weight loss, 

electrochemical, FITR and SEM techniques in using 
Lannea microcarpa leaf extract as a corrosion 

inhibitor for Al metal in acid solution. 
 
2. EXPERIMENTAL SECTION 
 
2.1. Plant Sample Collection 
From the Bayero University Kano (Old campus), 
Gwale local government area, Kano state, Nigeria, 

fresh leaves of Lannea microcarpa were harvested. 
It was identified by a botanist from the Bayero 
University Kano's Department of Plant Biology and 
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given the herbarium registration number BUKHAN 
280 for records and references. The leaves were 
then washed, let to air dry, powdered into a powder, 

and sieved to pass through a sieve with a mesh size 
of 250nm. 
 
2.2. Plant Extraction 

500 g of the sieved, powdered plant extract sample 
was soaked in 1.5 L of 95 percent ethanol for two 
weeks while being constantly stirred. Following that, 
the mixture was filtered and concentrated using 
rotavapor (BUCHI Labortechnik AG/9230 
Flawil/Switzerland) to remove the extract from the 

ethanol. After one week of air drying, the 
concentrated extract was weighed and labelled for 
future use. 
 
2.3. Aluminium Coupons Preparation 
Al (99.36%), Si (0.02%), Fe (0.14%), S (0.04%), 
Cl (0.03%), K (0.03%), Cu (0.02%), Ti (0.01%), 

Ga (0.01%), and Mn (0.01%) are the components 
of the aluminium sheet employed in this 
investigation. The sheet was mechanically cut into 
coupons that were each 4 x 3 x 0.11 cm in size. 
Each voucher was cleaned with ethanol, dipped in 
acetone, left to dry in the open air to remove any 
remaining grease, and then preserved in a 

dessicator (9). 
 
2.4. Preparation of Plant Extract Solutions 
Weighing 0.2, 0.4, and 0.6 g of the extract, 
respectively, and dissolving each in 5 mL of ethanol, 
then transferring each into 1 litre of 0.2 M HCl 

separately and making up to the mark, were used 
to prepare 0.2, 0.4, and 0.6 gL-1 of the extract in 
0.2 M HCl. The extract solutions (0.2, 0.4, and 0.6 
gL-1) in 0.4 and 0.6 M HCl were made using the 

same method. In order to balance the solutions, 
5ml of ethanol was added to 0.2, 0.4, and 0.6 M 
HCl to create blank corrodent solutions. 

 
2.5. Phytochemical Analysis of the Plant 
Extract 
The ethanolic extract of Lannea microcarpa leaves 
underwent phytochemical analysis using the 
procedure described by Prishant et al. (10). 
Alkaloids, saponins, phytosterols, phenols, 

flavonoids, proteins, amino acids, and triterpenes 
are a few of the secondary metabolites that were 
examined. 
 
2.6. Weight Loss Experiments 
Aluminium coupons that had already been 

processed and weighed were immersed separately 
and completely in 100 mL beakers containing test 

solutions at various concentrations, both with and 
without the inhibitor. The beakers were sealed 
before being placed inside a thermostatic water 
bath that was kept at a specific temperature. For a 
total of 4 hours, the coupons were removed from 

the test solutions at 1-hour intervals, washed with 
distilled water and a soft brush, dried in acetone, 
and reweighed. The weight disparities were 
interpreted as weight reduction (11). The 
temperature (303, 313 and 323 K), corrodent 
concentration (0.2, 0.4 and 0.6 M HCl), and extract 
concentration (0.2, 0.4 and 0.6 g/L) were varied 

during the weight loss experiment. The inhibition 
effectiveness (%I) of the inhibitor, the degree of 
surface covering (θ), and the corrosion rate of the 

Al metal coupon (CR) were determined using 
equations 1-3, respectively, from the weight loss 
findings (12): 
 

%I = (1 – 
w1

w2
) X 100   (1) 

 

θ = 1 − 
w1

w2
    (2) 

 

CR(gh−1cm−2)
∆w 

At
    (3) 

 
Where w1 and w2 represent the weight loss (g) of 
aluminium in the presence and absence of an 
inhibitor, respectively, in HCl solutions, θ denotes 
the degree of surface coverage, CR denotes the rate 

of corrosion, ∆w denotes the weight loss (g), A 
denotes the area of the specimen (cm2), and t 

denotes the time spent submerged (h). 
 
2.7. Electrochemical Measurements 
The electrochemical tests used Al metal samples 
that were 1 cm x 1 cm in size. Then, these were 

covered with epoxy resin, leaving only one square 
surface measuring 1.0 cm2 exposed. The exposed 
surface underwent acetone degreasing, distilled 
water rinsing, and warm air drying. At a scan rate 
of 0.333mV per second and a temperature of 298K, 
linear polarization studies on uninhibited and 
inhibited (0.2, 0.4, and 0.6 g/L) samples in 0.2 M 

HCl were performed on potential ranges of -1000 to 
-2000 mV (13). 
 
2.8. Fourier Transform Infrared 
Spectrophotometry (FT-IR) Analysis 

The main functional groups in the leaves extract of 

Lannea microcarpa and the corrosion by product of 
inhibited Al metal in HCl solution were identified 
using an FT-IR instrument type Cary 630 FTIR 
Spetrophotometer (Agilent Technologies). The 
material was scanned 32 times at a resolution of 8 
cm-1 throughout a wave number range of 650 to 
4000 cm-1 for the analysis (14). 

 
2.9. Scanning Electron Microscopy (SEM) 
Analysis 
Using a scanning electron microscope, 
morphological analyses of the aluminium coupon 
surfaces exposed to uninhibited and inhibited 
corrosion systems (0.6 M HCl) for 4 hours at 323 K 

were taken (Phenom World Eindhoven). A very little 
amount of the materials to be examined were 

distributed on the stub during the sample 
preparation process for SEM analysis, and the stub 
was then viewed in the instrument to obtain 
micrographs at an accelerating voltage of 15.00 kV 

and x500 magnification (13). 
 
3. RESULTS AND DISCUSSION 
 
3.1. Phytochemical Screening 
According to the phytochemical analysis of an 
ethanolic extract of Lannea microcarpa leaves, 

flavonoids, tannins, phenols, proteins, sterols, and 
saponins were present (Table1). The corrosion 
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prevention properties of plant extracts on metal 
surfaces have been attributed to the presence of 
secondary metabolites (4). The phytoconstituents in 

the ethanolic extract of Lannea microcarpa leaves 
are thought to have prevented aluminium from 
corroding because the chemical structures of the 
majority of these phytoconstituents contained 

electron-rich bonds or heteroatoms, which facilitate 
their ability to donate electrons. Researchers have 

obtained similar conclusions on the inhibition of 
metal corrosion by plant extracts (15–16). 
Additionally, Obi-Egbedi and Obot (17) reported 

that the presence of π-electrons or appropriate 
functional groups may facilitate the transfer of 
charge from the inhibitor's molecule to the charged 
metal surface (physical adsorption) or the transfer 

of electrons from the inhibitor's molecule to the 
vacant orbitals of the metal (chemical adsorption). 

 
Table 1: Phytochemical Screening of the Leaves Extract of Lannea macrocarpa. 

Bioactive agent Qualitative analysis 

Flavonoids + 
Phenols + 
Proteins/amino acids + 
Alkaloids - 

Saponins + 
Triterpenes - 
Phytosterols + 
Tannins + 

key: + indicates the presence of phytochemical, - indicates the absence of phytochemical. 

 
3.2. Weight Loss Experiment Results 
3.2.1. Effect of corrodent concentration 
Studying the weight loss of aluminium in 0.2, 0.4, 
and 0.6 M HCl solutions for 4 hours at 303, 313 
and 323 K examined the effect of corrodent 
concentration. The findings demonstrated that 

weight loss and the rate of corrosion in unhindered 
aluminium are both accelerated by an increase in 
acid concentration (Figure 1). The corrosion rate of 
aluminium in blanked 0.2 M HCl at 303 K is 0.0875 
mgh-1cm-2, while that in blanked 0.6 M HCl at the 
same temperature is 1.8229 mgh-1cm-2, as shown 

in Table 2. The aforementioned finding might be 
explained by the fact that chemical reaction rates 
rise as active species concentrations do (18). In 

general, the presence of water, air, and H+ is 
thought to speed up the corrosion process. As a 

result, as the acid concentration rises, the active 
species, H+, rises as well, increasing the corrosion 
rate. The observation might possibly be the result 
of an increase in the rate of active species' 
diffusion and ionization during corrosion reactions 
(19). 

 
Additionally, the increase in weight loss brought on 
by an increase in acid concentration on aluminium 
that has been inhibited may be explained by the 
fact that acid molecules at higher concentrations 
can break the bond between extract compounds 

and aluminium surface to form a hydrogen-
aluminium bond (20), which leads to a higher 
accumulation of the active sites by acid molecules 

and prevents the penetration of extract molecules 
to the surface of the aluminium. 

 

 
Figure 1: Variation of Weight Loss with Time for the Corrosion of Aluminium in Blank HCl at Varying 

Temperatures. 
 

3.2.2. Effect of inhibitor on the corrosion process 
At 303, 313 and 323 K, the influence of the inhibitor 
Lannea microcarpa at varied concentrations (0.2, 
0.4 and 0.6 g/L) on the corrosion process of 
aluminium has been investigated. The weight loss 
over time of aluminium immersed in 0.2, 0.4, and 
0.6 M HCl with varied extract concentrations at 303, 

313 and 323 K is depicted in Figures 2a-c. The 

results clearly show that, in all three concentrations 
of HCl and at all temperatures, the weight loss of 
aluminium increases with increasing contact time 
but reduces with increasing inhibitor concentration. 
The findings also show that all three doses of 
Lannea microcarpa prevented aluminium corrosion 
in all concentrations of HCl and at all research 

temperatures. Table 2 showed that while surface 
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coverage and inhibition effectiveness increased with 
increasing inhibitor doses, the rate of corrosion of 
aluminium decreased. The inhibition efficiency rises 

from 57.14% to 76.19% when the inhibitor 
concentration is changed from 0.2 g/L to 0.6 g/L in 
0.2 M HCl. This demonstrates how Lannea 
microcarpa extract can prevent aluminium from 

corroding in HCl solutions by acting as an inhibitor. 
The adsorption of extract molecules onto the Al 
metal, which reduces the area of contact between 
Al metal and corrosive media, is responsible for the 
decrease in weight loss and corrosion rate that is 
observed with increasing extract concentrations. 

According to Thilagavathy and Saratha (21), similar 
outcomes were obtained. 
 

However, Table 2 shows that the extract's ability to 
prevent growth declines as temperature rises. For 
example, the extract's ability to inhibit growth (0.6 
g/L) in 0.2 M HCl at 303 K was 76.19 %, but when 

the temperature was raised to 323 K under the 
same conditions, the effectiveness dropped to 47 % 
(Table 2). This shows that the physical adsorption 
mechanism described by Awe et al. (13) is 
consistent with the adsorption of extract of Lannea 
microcarpa on Al metal. 

 

 
 

a) 303 K b) 313 K 

 
c) 323 K 

Figure 2: Variation of Weight Loss with Time of Aluminium Immersed in different Concentrations of Extract 
in 0.2, 0.4 and 0.6M HCl at Varying Temperatures (303, 313 and 323K). 

 
3.2.3. Effect of temperature on the corrosion 
process 

By adjusting the temperature (303, 313 and 323 
K), it was possible to determine the impact of 
temperature on the weight loss and corrosion rate 
of Al metal immersed in 0.2, 0.4, and 0.6 M HCl for 
four hours. The results are shown in the Figures 
(3a-c). The data show that the weight loss of Al 
metal, both inhibited and uninhibited, increases 

with temperature in all three acid concentrations. 
Additionally, Table 2 shows that in all three acid 
concentrations, the corrosion rate rises with rising 
temperature. At 303 K, the corrosion rates of the 
blank and the 0.6 g/L inhibited Al metal were 
0.0875 and 0.0208 mg/h.cm2 respectively, whereas 

at 323 K, the rates increase to 0.4167 mg/h.cm2 
and 0.2208 mg/h.cm2, respectively (Table 2). This 
observation demonstrates that a rise in temperature 
improves the reactivity of the corrosion medium's 
active ingredients. A boost in temperature typically 

accelerates the cathode's hydrogen evolution 
reaction, which raises the rate at which metals 

dissolve. The fact that chemical reactions intensify 
with rising temperature is another argument in 
favour of it (general rule guiding the rate of 
chemical reactions). Additionally, a rise in 
temperature boosts the kinetic energy of the 
molecules in the corrosion medium, allowing 
corrosion to more quickly overcome the energy 

barrier. 
 
Table 2 also shows that inhibitory effectiveness 
diminishes as temperature rises. This can be 
ascribed to the protective coatings on the metal 
being more soluble, increasing the metal's 

sensitivity to corrosion (22). Due to the increased 
molecule desorption at higher temperatures, this 
data shows poor physical adsorption contact 
between the inhibitor and Al surface (23). 
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a) 0.2M HCl b) 0.4 M HCl 

 
c) 0.6 M HCl 

Figure 3: Variation of Weight Loss with Time of Aluminium Immersed in Various Concentrations of Extract 
at Varying HCl Concentration at 303, 313 and 323 K. 

 

Table 2: Weight Loss Calculated Parameters of Various Concentrations of Lannea microcarpa Extract. 

Temp. 

(K) 

Conc. 
of 

extract 
(g/L) 

0.2 M HCl 0.4 M HCl 0.6 M HCl 

CR 
(mg/cm.h) 

x 10-2 
θ 

% I 
(%) 

CR 
(mg/cm.h) 

x 10-2 
θ 

% I 
(%) 

CR 
(mg/cm.h) 

x 10-2 
θ 

% I 
(%) 

3
0
3
 

0.0 8.8 - - 26.0 - - 182.2 - - 

0.2 3.8 0.57 57.1 12.9 0.50 50.4 100.0 0.45 45.1 

0.4 2.9 0.67 66.7 10.6 0.59 59.2 85.8 0.53 52.9 

0.6 2.1 0.76 76.2 10.0 0.62 61.6 74.6 0.59 59.1 

3
1
3
 

0.0 21.3 - - 64.6 - - 250.4 - - 

0.2 12.7 0.40 40.2 40.6 0.37 37.1 167.7 0.33 33.0 

0.4 11.3 0.47 47.1 37.3 0.42 42.3 152.7 0.39 39.0 

0.6 8.8 0.59 58.8 28.9 0.55 55.2 130.2 0.48 48.0 

3
2
3
 

0.0 41.7 -  104.6 - - 434.6 - - 

0.2 28.3 0.32 32.0 77.1 0.26 26.3 369.4 0.15 15.0 

0.4 25.0 0.40 40.0 70.8 0.32 32.3 317.1 0.27 27.0 

0.6 22.1 0.47 47.0 57.5 0.45 45.0 269.2 0.38 38.1 

 
3.3. Polarization Measurements 
Tafel's polarization curves of an aluminium electrode 
in 0.2 M HCl are shown in Figure 4 in both the 

presence and absence of various amounts of extract 
from Lannea microcarpa. The plots also show that 
both cathodic and anodic reactions were suppressed 
with the addition of various concentrations of 
Lannea microcarpa, indicating that the plant extract 
served as a mixed-type inhibitor, reducing the rates 
of both anodic dissolution and cathodic hydrogen 

evolution reactions. It can be seen from Figure 4 
that the cathodic and anodic reactions in blank HCl 
follow Tafel's law. 

 
Additionally, it can be seen from Figure 4 that the 
polarization plots for the inhibited electrodes don't 
differ significantly from those for the uninhibited 
electrode, indicating that the presence of Lannea 
microcarpa extract only slows down corrosion rather 
than changing the electrochemical reactions that 
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cause corrosion (24). 
 
In Table 3, the electrochemical characteristics 

obtained by extrapolating Tafel lines are shown, 
including inhibition efficiency (IE), corrosion rate 
(CR), corrosion potential (Ecorr), cathodic and anodic 
Tafel slopes (βc and βa, respectively), and corrosion 

current density (Icorr). The inhibitory efficiencies 
were determined using equation 4 and it was 

discovered that they rose as extract concentration 
rose (25). 
 

𝐼𝐸(%) =
𝑖𝑐𝑜𝑟𝑟

𝑜  − 𝑖𝑐𝑜𝑟𝑟

𝑖𝑐𝑜𝑟𝑟
𝑜  𝑋 100   (4) 

 
Where 𝒊𝒄𝒐𝒓𝒓

𝒐  and  𝒊𝒄𝒐𝒓𝒓 are the corrosion current 

densities obtained from uninhibited and inhibited 
solutions respectively. 

 

 
Figure 4: Overlayed Tafel Polarization Curves Recorded for Al in 0.2 M HCl Solution at Varying 

Concentrations of Lannea microcarpa. 

 
Table 3: Electrochemical Parameters Obtained from Tafel polarization technique for Al in 0.2 M HCl Solution 

at Varying Concentrations of Extract at 25 °C 

Extract 

concentration 
(gL-1) 

ίcorr  

(μAcm-2) 

Ecorr 

(mV) 

βa  

(mV dec-1) 

βc  

(mV dec-1) 

% I (%) 

0.0 -389.197 -701.151 29.996 102.27 - 
0.2 -37.571 -737.556 56.091 50.156 90.35 
0.4 -28.892 -730.858 37.206 53.955 92.58 

0.6 -22.704 -703.843 14.729 36.837 94.17 

 
3.4. Fourier Transform Infrared (FT-IR) 
Spectroscopic Results 
In the images, the IR spectra of a corrosion product 
with an inhibitor and a powdered extract of Lannea 

microcarpa leaves are displayed (Figures 5 a-b). 
The C-N stretch at 1100 cm-1 shifts to 1112 cm-1, 

the C-O stretch at 1153 cm-1 shifts to 1156 cm-1, 

the N-O stretch at 1316 cm-1 changes to 1343 cm-1, 
the C-C stretch in the ring at 1447 cm-1 drops down 
to 1410 cm-1, and the N-H bend shifts from 1607 
cm-1 to 1547 cm-1, according to a comparison of the 

spectrum of extract and corrosion product with 
inhibitor. The change in frequency suggests that the 

metal and plant extract are interacting (26). 
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(a) FTIR Spectra of the Ethanol Leaves Extract of Lannea microcarpa 
 

 
(b) FTIR Spectra of the Corrosion Product of Aluminium in Extract of Lannea microcarpa 

 
Figure 5: FTIR Spectra of the studied species. 

 
3.5. Scanning Electron Microscopy 
After immersion in the test solutions for 4 hours at 
323 K, morphological investigations of the surfaces 
of uncorroded aluminium and corroded (inhibited 
and uninhibited acids) specimen were performed 

using scanning electron microscopy (SEM) (6). The 

uninhibited system (Fig. 6a) exhibits the most 
severely corroded surface, which is thoroughly 
damaged by the presence of cracks, pits, and 
patches throughout the surface. This is followed by 

the metals in the inhibited acid Figures (6b-d), 
which are clearly less corroded than the uninhibited 
metal. Uncorroded Al metal doesn't have any 
surface flaws (Fig.6e). This implies that addition of 
extract of Lannea microcarpa leaves to acid 

solutions protected the Al metal from undergoing 

severe corrosion by formation of protective layer on 
the surface through adsorption of the extract on the 
aluminium surface. 
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(a) (b) 

  
(c) (d) 

 
(e) 

Figure 6: SEM Micrographs of Aluminium Dipped in 0.6 M HCl for (a) 0.0 g/L (Blank) (b) 0.2g/L (c) 0.4 g/L 
(d) 0.6 g/L of Lannea microcarpa Extract, (e) Uncorroded Aluminium. 

 
3.6. Adsorption Isotherms 
By creating a thin adsorption layer on the metal 

surface, inhibitors prevent corrosion on metal 
surfaces. The degree of inhibitor molecule 
adsorption on the metal surface has a significant 
impact on an inhibitor's effectiveness. The 

adsorption properties of the inhibitors have been 
used to determine the type of corrosion inhibitors 
(21). Surface coverage (θ) and inhibitor 
concentrations can be used to assess the adsorption 
properties of inhibitors. The interactions between 
inhibitors and metals are described by a variety of 

isotherm models. Langmuir, Freundlich, Temkin, 
Florry-Huggins, and El-Awady isotherm were five of 
these models that were utilized. The best fit 
isotherm among them was chosen using the 
correlation coefficients (R2) between them. The 
parameters from the plots of each isotherm at 303, 
313 and 323 K are shown in Table 4, and the best 

fit was determined by taking into account the values 
of R2 at all the temperatures. The extract of Lannea 
microcarpa leaves demonstrated strong adherence 
of the inhibitory process to the Langmuir adsorption 

isotherm due to its near to unity when compared to 
the other isotherms, according to the values of R2 of 

the investigated isotherms at all temperatures. 
 
The creation of a monolayer adsorbate layer on the 
adsorbent's outer surface is quantitatively described 

by the Langmuir adsorption isotherm. The model 
assumes homogeneous adsorption energies on the 
surface and prevents adsorbate transmigration in 
the surface's plane (27). For both chemical and 
physical adsorption, the Langmuir equation is the 
ideal isotherm (28). The equilibrium constants Kads 

values in Table 4 are all positive, indicating a 
favorable adsorption (29). Equation 5 presents the 
Langmuir isotherm. 
 

C
θ⁄ = 1

Kads
⁄ +  C     (5) 

 

Where C is the concentration of inhibitor, θ is the 
surface coverage and Kads the adsorption 

equilibrium constant 
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Figure 7: Langmuir Adsorption Isotherm for Al metal in HCl at Different Temperatures. 

 
Table 4: Adsorption Parameters for the Adsorption of Lannea microcarpa Extract on Aluminium Surface. 

Isotherm Temperature (K) Slope ∆Gads (kJmol-1) R2 Kads 

Langmuir 303 1.09 -15.043 0.9932 7.06 
313 1.38 -13.894 0.9690 3.75 
323 1.63 -13.885  0.9925 3.17 

Freundlich 303 0.26 -9.738 0.9883 0.86 
313 0.33 -9.428 0.9395 0.67 

323 0.35 -9.214 0.9968 0.56 
Temkin 303 0.39 -22.579 0.9777 140.48 

313 0.37 -20.919 0.9122 55.74 
323 0.31 -21.442 0.9876 52.81 

Flory-Huggins 303 1.35 -15.460 0.9286 8.33 
313 1.75 -14.268 0.7913 4.33 
323 2.87 -14.921 0.9686 4.66 

EL-Awady 303 0.77 -13.894 0.9635 4.47 
313 0.66 -12.043 0.9138 1.84 
323 0.57 -11.187 0.9914 1.16 

 
3.7. Thermodynamic Studies 

The free energy of adsorption, ∆Gads was calculated 
according to the equation (6): 
 

∆Gads − 2.303RTlog (55.5Kads)  (6) 

 
∆Gads is the Gibbs free energy, Kads is the 
equilibrium constant for adsorption calculated from 

the intercept of each adsorption isotherm, R is the 
universal gas constant, T is the system 
temperature, and 55.5 is the molar concentration of 
water. For all of the investigated isotherms, the 
computed values of ∆Gads vary from -2.238 to -
22.579 kJmol-1, which is significantly less than the 
threshold value of -40kJmol-1 needed for the 

mechanism of chemical adsorption to operate (30). 
As a result, the adsorption of the Lannea 
microcarpa leaf extract on the surface of aluminium 
is spontaneous and consistent with physical 
adsorption (31). Table 4 shows the computed values 
for ∆Gads and Kads for the tested isotherms at 303, 

313 and 323 K. The activation energy for the 

corrosion process was calculated by using the 

Arrhenius equation 7: 

 

logCR =  logA −
Ea 

2.303RT
   (7) 

 
Where CR is the corrosion rate of metal, A is 
Arrhenius pre-exponential factor, Ea is activation 
energy (minimum energy needed before the 

corrosion reaction of the metal proceed), R is 
universal gas constant and T is the temperature of 
the system. 
 
The activation energies were computed and are 
shown in Table 5 as a straight line with a slope 

equal to -Ea/2.303R when the logCR plot versus the 
reciprocal of absolute temperature from equation 7 
is performed. While the Ea found for the blank is 
36.121 kJmol-1, the computed values of Ea for the 
extract range from 53.363 to 54.340 kJmol-1. The 
computed values of Ea were found to be higher in 
inhibited aluminium than in blank aluminium, 

pointing to the possibility of an adsorption coating 

that is physically electrostatic in nature (32–33). 

 
Table 5: Energy Parameters for the Dissolution of Aluminium in HCl in Absence and Presence of Different 

Concentrations of Lannea macrocarpa. 

Extract Conc. (gL-1) Ea(KJmol-1) ∆Ha(kJmol-1) ∆Sa(kJmol-1) 

0.0 (blank) 36.121 33.575 -0.1296 
0.2 54.330 51.544 -0.0754 
0.4 54.340 51.726 -0.0759 
0.6 54.363 50.711 -0.0804 
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The values of enthalpy and entropy changes of the 
corrosion inhibition processes were calculated 
according the transition state equation: 

 

log (
CR

𝑇
) = {log

𝑅

𝑁𝑎ℎ
+

∆𝑆𝑎

2.303𝑅
} −

∆Ha

2.303𝑅𝑇
  (8) 

 
Where ∆Ha signifies the enthalpy of the corrosion 
process, ∆Sa denotes the entropy of activation for 
the corrosion process, NA is Avogadro’s number and 
h is plank’s constant. 
 

The enthalpy and entropy change of activation for 
the corrosion inhibition process were estimated 
from the straight line with slope equal to (-
∆Ha)/(2.303R) and intercept equal to logR(Nah + 
(∆Sa)/(2.303R) that results from the plot of CR/T vs 
reciprocal of absolute temperature, as shown in 
Table 5. The endothermic nature of the aluminium 

dissolving process is shown by the positive values of 
enthalpy change of activation in both the presence 

and absence of extract (34). While the activated 
complex in the rate-determining stage represents 
association rather than dissociation, as shown by 
the negative values of adsorption entropies, there is 
a decrease in disorderliness as one moves from 

reactant to activated complex (35). 
 
4. CONCLUSION 
 
The results of this investigation employing weight 
loss, electrochemical, SEM, and FTIR demonstrate 

that the leaves extract of Lannea microcarpa 
efficiently suppresses the corrosion of aluminium 
under the examined conditions. With a rise in 
extract concentration but a decrease in corrosion 
concentration or temperature, the extract's ability 
to suppress aluminium corrosion increases. Because 

several phytochemicals were detected in the 

extract, it was determined that the inhibitory 
process was of the mixed type by adsorption. 
Thermodynamic measurements showed that the 
extract spontaneously and endothermally adhered 
to the aluminium surface, supporting the physical 
adsorption process mechanism. 
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