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ABSTRACT

The effects of Guiera senegalensis leaves extract as a potential green corrosion inhibitor for
Aluminum (Al) in HCI acid solution was investigated using weight loss, LPR, FT-IR, and
scanning electron microscope techniques at varying experimental conditions. The result
indicates that the percentage inhibition efficiency increases with increase in concentration of
the inhibitor and decreased with increase in temperature and immersion period. SEM images
showed that the Al metal is protected by the inhibitor molecules, while FT-IR spectra indicates
the mechanism of physical adsorption of inhibitors onto Al surface. LPR result showed that the
inhibition efficiency of the inhibitor was moderate and act as mixed-type inhibitor. The data
obtained from the thermodynamic parameters were fitted into various adsorption isotherms,
Freundlich adsorption isotherm was observed to be the best fitted isotherm.
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1. INTRODUCTION

1.1 Corrosion of Aluminium

Corrosion is a naturally occurring phenomenon usually referred to as deterioration of metal
which resulted from a chemical or electrochemical interaction with the environment [1].
Majority of metals corrode upon interactions with aggressive medium such as moisture in the
air, oils, acids, bases, salts, aggressive metals polishes, and other liquid chemical substances [2].
Metals and their alloys will also corrode through exposure to gaseous materials such as acid
vapour, formaldehyde, and sulphur containing gases [3]. Usually, metal corrode in the presence
of chemicals such as acids, alkali, salts and sulphides. Though, acids such as phosphoric acid,
HCl acid, nitric acid and hydrofluoric acid are used in pickling, etching and descaling of metals
in many industries [4-6]. The corrosion inhibition of Aluminum and its alloys are the subject of
great technological importance due to its increased industrial applications [7].

1.2 Plant as Green Inhibitor.

Green inhibitors include the alkaloids and flavonoids and other natural products obtained from
natural sources like plant. The extraction is carried out by simple techniques with low cost and
these plants consist of chemical compounds with negligible toxicity. Many corrosion control
mechanisms have been employed using extracts obtained from various plants as corrosion
inhibitors [8]. Plants as corrosion inhibitor had been accepted as sources of naturally occurring
compounds, some of these plants extract contained complex molecular structures and having
variety degrees of physical, chemical and biological properties [9,10]. As a result of these
significant advantages, extracts of some plants and plant products have been study as corrosion
inhibitors for metals and alloys under different environment and conditions [11]. The above
qualities have made the naturally occurring plants to become an important source of a wide
range of eco-friendly green inhibitors for corrosion control [12]. Guiera senegalensis (Gs) also
called “moshi” which referred to as medicine, is one of the most essential medicinal plants in
Africa which occurs naturally in Central and West Africa, comprising of Burkina Faso,
Mauritania, Gambia, Senegal, Guinea-Bissau, Mali, Republic of Guinea, Niger, Nigeria, etc
[13]. Gs is a green-grey-whitish plant that grows up to 3m high, the leaves have an elliptic
oblong limb of about 3-5cm length and 15-25 mm with a mucronate and round apex, a very soft

tomentose pubescence, conspicuous scales and a thin pubescent petiole of about 2-4 mm length
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[14]. A bio-guided phytochemical study permits the identification of active compounds from
Gs such as kaempferol, ethylgallate, gallic acid, 5-methylflavasperone,
5-methyldihydroflavasperone, guieranone A, quercitrin. B-sitosterol, 1,3,4-tri-O-galloilquinic
acid, 3,4,5-tri-O-galloilquinic acid, miricitrin, rhamnetin, hyperoside, miricetin, quercetin,

tiliroside, and isorhamnetin, in its leaves [13].

Fig.1. Guiera senegalensis leaves

It is required to use solution of acids in other to get rid of unwanted scales and corrosion
products from metals and alloy. HCI and H2SO4 acids are universally employed for this
purpose. However, these acids attack the material and initiate corrosion. This corrosion can
cause severe damage to the metal and destroy its properties, thereby limiting its applications
capacity [15]. The global problems arising from acid corrosion necessitate the development of
several corrosion control techniques among which the use of chemical inhibitors has been
broadly accepted as the most cost-effective method for preventing metals from acid corrosion.
[16]. Although, synthetic organic compounds display good inhibitive properties, their
application is still undesired because of their adverse effects on living organisms, environment,
as well as their expense. In the latest years, there has been an effective increase in awareness of
environmental and green chemistry [5]. Even though substantial research has been dedicated to
corrosion inhibition by various plant extracts, information on the comprehensive mechanisms
of the adsorption process and identification of the active constituents are still scarce [4]. This
research work seeks to evaluate the efficiency of ethanol extract of Guiera senegalensis leaves
as green corrosion inhibitor for aluminium in HCI solution through the use of weight loss, linear
polarization resistance technique, Fourier transform infrared FT-IR and Scanning electron

microscope SEM methods.
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2. EXPERIMENTAL

2.1 Materials preparation

The sheets of Aluminium of composition presented in table 1 were determined using Energy
Disperse X-Ray Fluorescence ED-XRF (S2-Ranger) and were mechanically pressed cut into a
dimension of 4 by 3 by 0.11 cm coupons. These coupons were used as cut without further
polishing. Though, they were degreased in ethanol, dried with acetone and stored in desiccators
free from moisture before their use for corrosion studies. Coupons of the same dimension were

used for both weight loss and other characterizations methods [17,18].

Table 1. Percentage composition of the Aluminium sheet sample

Elements/ — \,o; Si0, Fes0s SOs KO €I CuO TiO; Ga0s MnO
Compounds
Com‘()f/(;'“on 99.36 027 020 004 003 003 002 001 001 001

Fresh and clean leaves of Guiera senegalensis (Family: Combretaceae) were collected from
Dawakin Tofa L.G, Kano, Nigeria, and authenticated (voucher specimen no. 798) at the
herbarium Research laboratory, Plant Science Department, Bayero University Kano, Nigeria.
The leaves were washed with distilled H.O, dried at room temperature for 14 days and
powdered into 400g using mortar and pestle. The extraction was carried out with 1500 mL of
98% ethanol (Merck) for 14 days with regular shaking and repeated twice with another fresh
solvent. The solution was pooled, passed via Whatmann filter paper and the crude were dried
under reduced pressure with the aid of rotary evaporator (BUCHI Labortechnik AG/9230
Flawil/Switzerland) and the crude extract were dried in air for further usage [19]. All the
reagents used for this research work are of analytical grade and were used without further
purification.

2.2 Preparation of Test Solutions

The corrodent solutions (blank) were prepared at various concentrations of (0.20 M, 0.40 M,
and 0.60 M) HCI acid from which the inhibitor solutions where prepared at various
concentrations (0.20 g/L, 0.40 g/L and 0.60 g/L) from each of the prepared HCI solution. All

preparations were done according to the standard procedures.



A. M. Ayuba et al. J Fundam Appl Sci. 2021, 13(2), 634-656 638

2.3 Phytochemical Screening

Phytochemical screening was conducted on the ethanol crude extract of leaves of Guirea
senegalensis for identification of secondary metabolites including flavonoids, alkaloids,
saponins, saponins, tanins, steroids, terpinoids and phenols based on the procedure reported by
[20-23].

2.4 Weight Loss Measurement

Eah pre-weighed sample (coupon) of the aluminium metal under consideration was completely
immersed into four different beakers containing 60 cm?® of 0.00 g/L, 0.20 g/L, 0.40 g/L and 0.60
g/L of the inhibitor each in different concentrations of HCI (0.20 M, 0.40 M, 0.60 M)
respectively. The beakers were covered and then immersed into water bath at 303K. After each
hour (for four hours) the samples were removed, cleaned from all corrosion product, dried in
ethanol and reweighed. This procedure was repeated at 313 K and 323 K temperatures. The
corrosion rate Cr in (mgecm? h), the degree of surface coverage (0) and the percentage
inhibition efficiency (1) of the inhibitor were calculated from the result of weight loss using

equations 1, 2 and 3 respectively [24].

Cr = (W, — W,) /At (1)
6= (W, —W,)/W, @)
n = (W, — W;)/W.)X100% (3)

Where Wi and Ws are the weight losses of Al coupons before and after treatment, Cr is the
corrosion rate (mgem2h?), 0 is the degree of surface coverage by the inhibitor, 1 is the
percentage inhibition efficiency (% IE), A is the area of the Al coupon (cm?), t is the immersion
time (in hours) respectively.

2.5 Linear Polarisation Resistance (LPR) Analysis

Linear polarization resistance (LPR) using VERSASTAT 4 potentiostat was used to study the
inhibition of Aluminium of dimension 1.0 cm x 1.0 cm in 0.2 M HCI at various inhibitor
concentration (0.2 g/L, 0.4 g/L and 0.6 g/L) and at temperature of 298 K by scanning the
current—potential (i-E) domain. A very small voltage usually less than 30 mV were applied to

the Al metal above and below its corrosion potential. Over this constricted range in the vicinity
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of the corrosion potential, the current response found is linear. Thus, the polarization resistance
(Rp) for the slope of this current—potential curve is constant [25]. As the working electrode is
changed, a current is made to flow between the working and counter electrodes. Consequently,
the material’s resistance to polarization was established by taking the slope of potential against
current curve [26]. After computing Rt from Nyquist plot and substituting Tafel slope values

for anodic Paand cathodic P in the equation.

_ BB 1
ICD?"?" - EIEI:'EH_I_'EL_}I Rf (4)
04IE = Uearr (o)~ deorr (inmd) 100 (5)
corr (o)

Where lcorro) and lcorr(inn) are corrosion current density values with and without inhibitors
respectively [27].

2.6 Surface Analysis

Surface morphologies of the Aluminium coupons for the fresh sample and for both before and
after inhibition was studied using Scanning Electron Microscope machine (PRO X: phenonm
World 800-07334) model, manufactured by phenonm World Eindhoven. Netherlands. Scanned
images of fresh metal sample, unhibited and inhibited metal at 303 K in lowest HCI
Concentration (0.20 M) were taken after 4hrs at an accelerating voltage of 15.00 kV and x 500
magnification.

FTIR analysis of the GS plant extract, fresh Aluminium and that of the corrosion product in
0.20 M HCl and 0.60 g/L inhibitor at 303 K after immersion time for 4hrs were carried out using
Agilent Technology, FTIR (Cary 630) Fourier Transform Infrared Spectrophotometer, the
analysis was done by scanning the sample through full scale wave number (in range of

650-4000 cm™).

3. RESULTS AND DISCUSSION

3.1 Phytochemical Screening

Previous studies indicated the presence in leaves Guiera senegalensis of two alkaloids,
flavonoids, naphthyl butenone (guieranone A), naphthopyrans and tannins [28]. The

phytochemical screening was conducted and the result revealed that Gs crude extract contains
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alkaloids, flavonoids, tannin, terpenoids, carbohydrates, proteins, saponins, steroids and

phenols as presented in table 2.

Table 2. Phytochemical screening of leaves extract of Guirera senegalensis

Phytochemicals Qualitative analysis
Flavonoids +
Alkaloids +
Saponins +

Tannins +
Steroids +
Terpinoids +
Phytosterols -
phenols +
Carbohydrates +
Proteins +

Key: + indicates the presence of phytochemicals, - indicates the absence of phytochemicals.

3.2 Weight Loss Analysis

The effect of (acid) corrodent concentration on weight loss of aluminium coupon has been
studied at various HCI solutions (0.20 M, 0.40 M and 0.60 M) for the period of 4hrs immersion
time in both the blank and inhibited solutions, all at various temperature (303 K, 313 K and 323
K). The results presented in table 3 of this study indicates that (the percentage inhibition
efficiency (% IE) increased with increase in concentration of GS ethanolic extract to 65.71 % at
0.6 g/L, increase in temperature caused the decrease of the inhibitor efficiency (IE %) and
decrease in the degree of surface coverage 0 which can be seen in table 3. As the concentration
of the corrodent HCI acid increases, the corrosion rate increases with increase in temperature to
1.5042 mgem2h™ in blanked solution and decreases with increase in inhibitor. The above
observation is due to the fact that the rate of chemical reaction increases as the concentration of
active species increases [29]. The increase in corrosion rate as a result of increase in
concentration of acid on inhibited aluminium may be attributed to the rupture of bond between
inhibitor molecule and aluminium surface by acid molecules at higher concentrations to
formation of hydrogen-aluminium bond. This results in higher accumulation of the active sites
by acid molecules which prevents the penetration of extract molecules to the surface of the

aluminium [30].
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Table 3. Percentage inhibition efficiency (% IE) of the plant extract and Corrosion rate Cr

obtained from weight loss experiment

Temp Inhibitor

Corrodent (HCI) Concentration

0.20 M 0.40 M 0.60 M
%IE Cr %IE Cr %IE Cr

Blank - 0.2188 - 0.3646 - 0.4729

v 0.20g/L  45.71 0.1188 2857 0.2604 37.65 0.3313
% 0.40g/L  56.19 0.0953 47.43 0.1917 4431 0.2958
0.60g/L  65.71 0.0750 61.14 0.1417 58.82 0.2188

Blank - 0.3375 - 0.5583 - 0.7667

v 0.20g/L  37.65 0.2104 25.00 0.4188 08.42 0.7021
% 0.40g/L  53.09 0.1582 3321 0.3729 1386 0.6604
0.60g/L 6358 0.1229 40.67 0.3313 20.92 0.6063

Blank - 0.5975 - 0.9708 - 1.5042

v 0.20g/L  37.28 0.4396 11.37 0.8604 05.00 1.3854
g 0.40g/L 4599 03229 1459 0.8292 0857 1.3333
0.60g/L 57.49 0.2542 1953 0.7813 1143 1.2917

a) Effect of Immersion Time on Weight Loss

Weight loss for the corrosion process was studied at different time intervals (1 hr, 2 hrs, 3 hrs

and 4 hrs) for the period of 4 hours and the result were presented figure 2. It was observed that

the weight loss of Aluminium in HCI acid solution increases with increase in immersion time at

all temperatures (303 K, 303 K and 303 K). The highest weight loss 0.0163 g was observed at

highest immersion time of 4 hrs in the highest temperature of 323 K at 0.60 M HCI

concentration, while the lowest weight loss 0.0012 g was observed in the lowest temperature at

lowest corrodent concentration. Though, the weight loss is greatly reduced with the inhibitor

compared to the blank solution. The decrease in weight loss with the inhibitor may owed to the

adsorption of the phytochemical constituents in the extract on the Aluminium metal surface.

This shows that metal is exposed to the corrosive environment, the more the contact time
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between the metal and the corrodent the more Al corrode. Increase in the weight loss of the

metal in the acids solution indicates the instability of protective film for the longer contact time.

Therefore, weight loss increase with increase in immersion time in all acidic environment.

b) Effect of Inhibitor Concentration

The effect of inhibitor (Guirea senegslensis) leave extract was studied at different
concentrations (0.20 g/L, 0.40 g/L and 0.60 g/L), at various HCI concentration (0.20 M, 0.40 M
and 0.60 M) and at various temperature (303 K, 313 K, and 323 K) for the corrosion inhibition
of aluminium metal. The result in figure 2 shows the variation of weight loss with immersion
time in various HCI concentrations containing different inhibitor concentrations at various
temperatures (303 K, 313 K and 323 K). It is indicated that the weight loss of aluminum metal
decreases with increase in inhibitor concentration and increases with increase in contact time,
also it was observed that the weight loss increases with temperature and inhibitor concentration.
Table 3 showed that the corrosion rate Cr decreases with increase in concentrations of inhibitor.
Moreover, percentage inhibition efficiency (% IE) increased with increasing concentrations of

inhibitor. Therefore, Gs extract inhibit the corrosion of Al metal in HCI solution.

Weight loss GS at 0.20M HCI at

Weight loss-Gs at 0.20M HCI at

Weight Loss-Gs at 0.20M HCI at

3 303K ® 313K 2 0008 323K
0.003 Z 0.004 o
& —+-0.20g/L S 0003 —+—0.20g/L $ 0.006 ——0.20g/L
20002 O o N =~ = 0.40g/L Z2 = 8- 0.40g/L
= D"‘\ oo T 0.002 B, e 3 0.004 —~ a2 0,600
- | Ny = B Y = —_ .60g/L
Z 0001 S 0.60g/L Z 0.001 =) 0.60g/L Z 0.002 "
s o Z =
Z 0 - 0
0 2 4 6 0 2 ! ¢ ¢ 2 4 ]
Time (hrs) Time (ary| Time (brs)
Weight loss-Gs at 0.40M HCI at Weight loss-Gs at 0.40M HC1 at Weight loss-Gs at 0.40M HCI at
_ 303K 313K _ 323K
& 0.005 = 0.008 ) g ooz
Z 0.004 '\ —+—020g/L g =020z g B SN
Zo00s M w0031 g 0008 BNy - 0.40g/L 2 0008 ——020g/L
= Rt 0.60g/L Z = o
< 0002 - 2 £ 0.004 = 0.60g/L 3 gggi o 0.402/L
§ o000 Z 0.002 £ 0002 0.60g/L
Z 0 k] 0 = 0
0 N 4 6 = 0 2 4 6 0 2 4 6
Time (brs) Time (hrs) Time (hrs)
Weight loss-Gs at 0.60M HCI at Weight loss-Gs at 0.60M HCI at Weight loss-Gs at 0.60M HCI at
303K 313K 323K
30“3“6 o 001 . o 0.02
- it & 0.008 Py 2 [ SN
S 0.004 - ——0.209/1 3 —— S 0.015 n
T e = H
g ﬁ’ o 0.400/L. & 0.006 —+—0.20g/L 2 om —+—0.20g/L
= 0.002 Ly - 2 z 0.004 m-0.40g/L z =-0.40g/1
- 20,005
% 0.60g/L £ 0.002 0.60g/L 2 0.00: 0.60g/1
= 0 - 0 0
0 2 4 6 0 2 4 6 0 2 4 6
Time (hrs) Time (hrs) Time (hrs)

Fig.2. Weight loss at various acid and inhibitor concentrations and at different temperatures
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c) Effect of Temperature

Temperature effect on weight loss of aluminum metal was studied for both the inhibited and
uninhibited metal at various HCI concentration (0.20 M, 0.40 M and 0.60 M) for the period of
4hrs at different temperature (303 K, 313 K and 323 K). The results are presented in figure 2.
From the plots, it is clear that the weight loss increases with increase in temperature at various
acid concentrations. It is also observed from table 3 that the corrosion rate increases with
increasing temperature and decreases with increase in inhibitor concentration. The corrosion
rates at 0.00 g/L and 0.6 g/L inhibitor in 0.2 M HCI at 303 K are 0.2188 mgcm2h and 0.0750
mgem2h? respectively, while at 323 K and 0.60 M HCI, the corrosion rates raised to
1.5042mgcm2ht for the blank and 1.2917 mgcm2h for 0.6 g/L inhibitor respectively. This
shows that increase in temperature increases the reactivity of active constituents of the
corrosion medium which in turns decreases the performance of the plant extract in inhibiting
the corrosion of metal. Rise in temperature generally increases the rate of hydrogen gas
evolution on the cathode, consequently leads to a higher rate of metal dissolution. It is also
supported by the fact that chemical reactions increase with increasing temperature. Moreover,
increase in temperature increases the kinetic energy of molecules of the corrosion medium
which leads to overcoming of energy barrier for corrosion to occur in high speed [31]. This may
be attributed to the higher dissolution rates of metal at an elevated temperature and a possible
desorption of adsorbed inhibitor molecules because of increased solution agitation as a result of
high rates of H. gas evolution, which may also decrease the capability of the inhibitor molecule
to be adsorbed on Al metal surface. Thus, such behaviour which was observed in both
corrodents, suggests physical adsorption of the extracts on the corroding aluminium metal
surface [32]. Hence, the plant extract inhibits the corrosion of Al predominantly in the lowest
temperature.

3.2.1 Kinetic Study

The kinetic for corrosion of Aluminium in hydrochloric acid solution was investigated. The

data obtained from weight loss measurements were used to plot logCr against reciprocal of
absolute temperature 1/T which gives a straight line with a slope equals to —E, /2.303R from

which the activation energies were calculated using the Arrhenius equation and the resulted are
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given in table 4. The results indicate that addition of plant extracts up to 0.60 g/L in various HCI
solution increases the activation energy from 40.84 to 72.33 KJmol™. The maximum activation
energy of 72.33 KJmol? was noticed for 0.60 g/L plant extract in the highest HCI

concentration. This is due to the fact that the amount of extract is more and hence, hindering the

reaction process to occur. Furthermore, calculated values of E_ for the blank solution ranges

between 39.78 to 40.95 KJmol™, while the values of E_ for the inhibitor concentration ranges

from 46.76 KJmol™ to 72.33 KJmol at various concentrations, result shows that E. were found
to be greater in inhibited solution at 0.6 g/L (72.33 KJmol™) than those found in blank, which

suggests the formation of adsorption film of physical electrostatic reaction [33,34].

logCr = logA — (Ea/2.303RT) (6)

Where Ck is the corrosion rate, A is the Arrhenius pre-exponential factor, E_ is the activation

energy, R is the molar gas constant and T is the absolute temperature of the system.

Values of other kinetic parameters (rate constant and half-life) were deduced at various acid
concentration (0.20 M, 0.40 M and 0.60 M), different inhibitor concentration (0.00 g/L, 0.20
g/L, 0.40 g/L and 0.60 g/L) at all temperatures (303 K, 313 K and 323 K). The results were
presented in table 5 below. The results obtained show that as the concentration of HCI increases,
rate constant increases from 1.18 x10°3 h™* to 7.85 x102 h! at all temperatures, increase in
inhibitor concentration decreases the rate constant. On the other hand, half-life decreases from
5.87x10%h to 0.81x10% h with increase in acid concentration and increase with inhibitor
concentration. Moreover, increase in temperature leads to increase in rate constant and decrease
in half-life of the corrosion process. Thus, the leave extract of Guirea senegalensis increases the
half-life of aluminium in HCI solutions thereby reducing the inhibition of Al metal from acid
corrosion.

Table 4. Activation energy Ea, at various inhibitor and HCI Concentrations

Inhibitor Activation Energy Ea KJmol™

Concentration (g/L) 0.20 M 040 M 0.60 M
0.00 40.84 39.78 40.95
0.20 46.76 48.50 58.23
0.40 49.31 59.51 60.55

0.60 49.54 69.44 72.33
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Table 5. Rate Constant K and Half-life t12 at various inhibitor concentration, HCI

Concentration and at different temperature

Tempt K Inhibitor Rate Constant K Half-life ti2
Conc. x102h? x102h
(g/L) 020M 040M 0O060M 020M 040M 0.60M
303 0.00 1.18 2.04 2.63 5.87 3.40 2.64

0.20 0.64 1.40 1.61 10.83 4.69 4.30
0.40 0.51 0.99 1.60 13.58 7.00 4.34
0.60 0.39 0.78 1.19 17.77 8.88 5.81
313 0.00 1.76 2.70 4.72 3.94 2.57 1.47
0.20 1.19 2.25 4.21 5.82 3.07 1.64
0.40 0.86 2.08 4.10 8.10 3.33 1.70
0.60 0.70 1.89 3.64 9.90 3.67 1.90

323 0.00 3.28 5.69 9.58 2.11 1.22 0.72
0.20 2.39 5.22 8.59 291 1.33 0.81
0.40 1.86 4.50 8.26 3.73 1.54 0.84
0.60 1.50 4.38 7.85 4.63 1.58 0.88

3.2.2 Thermodynamic Studies
The free energy of adsorption AGags at different temperatures was calculated using equation 7

below [35].

AG,,. = —2.303RTlog(55.5K,,.) 7)

ads

Where AG_;. is the Gibbs free energy, K_;. is the adsorption equilibrium constant obtained

from the intercept of each adsorption isotherm, R is the molar gas constant, T is the absolute

temperature of the system, 55.5 is constant value which represent the concentration of water in
a solution. The calculated values of A, for the tested isotherm in table 6 ranges between

-6.95 KJmol™ and -0.92 KJmol which are negatively less than -40 KJmol™ which is necessary
for the mechanism of chemical adsorption to occur. Moreover, the negative values of AGads
shows the stability of the adsorbed layer and the spontaneity of adsorption. Consequently, the
adsorption process of GS leaves extract on Aluminium surface is spontaneous. Also, the

mechanism of physical adsorption is said to be the nature of metal-inhibitor interaction [36,37].
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Table 6. Change in Gibbs free energy, kags correlation coefficient and slope at various

temperature and HCI concentration

HCI AG Kads R2

Conc. 303K 313K 323K 303K 313K 323K 303K 313K 323K

0.2M -943 -992 -9.76 0.7598 0.8164 0.6817 0.9891 0.9992 0.9722
04M 931 -867 -6.95 0.7269 0.5042 0.2399 0.9569 0.9971 0.9626
0.6M -9.06 -739 -9.08 0.6564 0.3078 0.1850 0.9204 0.9910 1.0000

Activation enthalpy AH_ and entropy A5, of corrosion process were calculated using the

transition state equation 8:

_ R __ AH
log(CR/T) = {iﬂgﬁﬁmﬁ} 2.303RT ®)

Where AH_ is the activation enthalpy, AS_ is the activation entropy for the corrosion process,
N, is Avogadro’s number and h is plank’s constant. A of Plot CR/T Vs recipeocal of

—AH,
2.303R

absolute temperature 1/T which gives a straight line with a slope equals to and intercept

equals to {iog%ﬂa—} from which activation enthalpy and entropy values for the
a4 zs0ER

corrosion process were computed at various HCI and inhibitor concentration and the result are
presented in table 7. The values of activation enthalpy which is positive in the presence and
absence of inhibitor reflects that the dissolution process is endothermic [38]. While the negative
values of entropies of adsorption indicate that the activated complex in the rate determining step
represents association rather than dissociation, which means that there is reduction in
disorderliness on going from reactant to activated complex [39]. The negative value of AHads
and the positive value of ASags indicate the feasibility of the reaction. Furthermore, all the AGags,
AHags and ASags Values indicate that the adsorption process GS extract is spontaneous and

exothermic in nature [30].
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Table 7. Activation Enthalpy (in KImol™?) and Entropy (in Jmol™) values at various HCI

concentrations and extract concentrations

Inhibitor Thermodynamic Acid concentration

Concentration Parameter 0.20 M 040 M 0.60 M
Blank AH 38.24 37.18 38.35
AS -189.15  -188.38  -181.58

0.20g/L AH 44.16 45.90 55.63
AS -174.49  -162.55 -128.04

0.40g/L AH 46.71 56.91 57.95
AS -168.13  -128.63  -122.77

0.60g/L AH 46.94 66.84 69.73
AS -169.47 -98.22 -84.69

3.2.3 Adsorption Isotherm

Five selected models of adsorption isotherms: Langmuir, Freundlich, Temkin, EI-Awady and
Forry-Huggins were used for this study to describe the mode of adsorption in terms of the
adsorption characteristics of the inhibitor and to establish the best adsorption isotherm(s). The
result of this investigation were presented in Table 8 and 9. Their correlation coefficients (R?)
values were used to determine the best fit isotherm. Freundlich adsorption isotherm which has
the correlation coefficients (R?) extractly equal to unity (1) is suggested to be the best fitted
adsorption isotherm for inhibitor/metal surface interaction. Freundlich equation is an ideal
isotherm for physical adsorption which describes the formation of multi-layer adsorbate on the

outer surface of the adsorbent. The Freundlich equation is presented by equation 9 [36-40].
log(C/8) = logC — logK 4, (9)

Where & the degree of surface coverage, Kags is is the equilibrium constant of adsorption

process and C is the inhibitor concentration.
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Table 8. Correlation coefficient R2 values for all the tested isotherms at various HCI

concentration and temperature

Isotherms Tempt. K R?
0.20M 0.40 M 0.60 M
Langmuir 303 0.9902 0.9485 0.8294
313 0.9980 0.9871 0.7227
323 0.9860 0.9246 0.9923
Freundlich 303 0.9891 0.9569 0.9204
313 0.9992 0.9971 0.9910
323 0.9722 0.9626 1.0000
Temkin 303 0.9766 0.9271 0.8752
313 0.9984 0.9851 0.9503
323 0.9482 0.9285 0.9927
El-awady 303 0.9720 0.9283 0.8906
313 0.9980 0.9924 0.9866
323 0.9514 0.9573 0.9998
Flory-Huggins 303 0.9322 0.7894 0.5816
313 0.9918 0.9611 0.6367
323 0.8568 0.8013 0.9896

3.3 Linear Polarization Resistance (LPR) Study

The result for the LPR curves are presented in figure 3 and the calculated parameters are shown
in table 9 as presented. It was observed that log of current density against potentials for the
overlaid Tafel plot for linear polarization resistance study changes in acid solution as the extract
concentration increases for both cathodic and anodic slopes which obeys the Tafel’s law. This
also indicated that the the inhibitor is a mixed-type inhibitor, protecting both the anodic and
cathodic electrochemical reactions. Parameters such as percentage inhibition efficiency (%IE),
corrosion rate (Cr), corrosion potential (Ecorr), cathodic (Bc) and anodic (Ba) Tafel slopes and
corrosion current density (icor) Were obtained by extrapolating Tafel lines. The inhibition
efficiencies (% IE) presented in table 9 indicates that inhibition efficiency (%IE) increases with
increase in concentration of extract thereby reducing the rate of corrosion of Al metal in HCI

acid solution [41].
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Fig.3. Overlaid Tafel plot for linear polarization resistance study for the inhibited and
uninhibited Al corrosion systems. (Red = 0.00 g/L, Blue =0.20 g/L, Green = 0.40 g/L, Purple =
0.6 g/L)

Table 9. Calculated parameters for linear polarization resistance for Al metal corrosion in HCI

acid in the presence and absence of inhibitor at 303 K
Inhibitor  Ecor (MV)  leor (MA)  Ba(MV)  Bc(MV)  Cr(mmpy?)  %IE

0.00g/L  -701.151 -389.197 29.996  102.270 4.2362 0
0.20g/L  -686.207 -174.422  29.482  120.184 1.8985 55
0.40g/L  -688.711 -148.647 34.705  107.143 1.6180 61
0.60g/L  -730.088 -133.295 99.898 90.255 1.4509 65

3.4 Surface Morphology Studies

a) Scanning Electron Microscopy (SEM) Analysis

Investigations for the surface morphologies of fresh Aluminium, corroded and inhibited
aluminum specimens in 0.20 M HCI at 303 K were carried out by scanning electron microscopy
(SEM) after immersion period of 4hrs, the SEM images were presented in figure 4 (a) for fresh
sample, (b) for the corroded sample and (c) for inhibited samples (in 0.20 g/L inhibitor). The
result in figure (b) shows that metal surface was severely corroded in the uninhibited solution
which is uniformly damaged by cracks all over the metal surface. Figure (c) shows that the
metal surface was inhibited by the plant extract of GS. This is the evident that application of GS

leaves extract to acid solutions protects the Aluminium metal from corrosion by formation of
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protective layer on the surface through adsorption of the extract on the aluminium surface and
hence GS leaves extract can be used in controlling the corrosion of Aluminium in acidic

environment.

L@
| |
-

Fig.4. Scanning Electron Microscope (SEM) Images for a) fresh b) uninhibited and c) inhibited

Aluminium samples

b) Fourier Transform Infrared Spectroscopy (FT-IR) Analysis

The FT-IR spectra of the GS extract, corroded sample (corrosion product) with and without
inhibitor and that of fresh Aluminium sample were carried out and the results are in figure 5
respectively. From the spectra of uncorroded and corroded aluminium without inhibitor, it can
be observed that the spectra are IR in active. Comparing the spectrum of extract and corrosion
product with inhibitor, the result indicates various chemical shift. Thus, the shift of bands in the
frequencies clearly shows that there is an interaction between the metal surface and inhibitor

molecule [42].
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Fig.5. FT-IR Spectra for (a) fresh Al sample (b) corroded Al in HCI (c) ethanol plant extract (d)
inhibited Al

4. CONCLUSION

The ethanolic extract of leaves of Guiera senegalensis was found to moderately inhibit
aluminum metal in HCI solution through a mechanism of physical adsorption. From linear
polarization resistance experiments, the inhibitor was found to be mixed type inhibitor and the
phytochemical present in the plant that may be responsible for the inhibition include the
detected alkaloids, flavonoids, terpenoids, tannin, carbohydrates, proteins, steroids, saponins

and phenols.

5.ACKNOWLEDGEMENTS
The authors wish to acknowledge the entire staff, Department of Pure and Industrial Chemistry,

Faculty of Physical Science. Bayero University, Kano.



A. M. Ayuba et al. J Fundam Appl Sci. 2021, 13(2), 634-656 652

6. REFERENCES

[1] Hari K. S. and Karthikeyan S. Torsemide and furosemide as green inhibitors for the
corrosion of mild steel in hydrochloric acid medium. Industrial & Engineering Chemistry
Research, 2013, 52(22), 7457-7469.

[2] Bashir, S., Lgaz, H., Chung, I.-M., & Kumar, A. Effective green corrosion inhibition of
aluminium using analgin in acidic medium: an experimental and theoretical study. Chemical
Engineering Communications, 2020, 1-10.

[3] Muralidharan, S., Chandrasekar, R. and lyer, S.V.K. Effect of piperidones on hydrogen
permeation and inhibition of mild steel in acidic solutions. Proccurement of Indian Academy of
Science 2000, 112(2): 127-136.

[4] Rani B.E.A, & Basu, B.B.J. Green Inhibitors for Corrosion Protection of Metals and Alloys:
An Overview. International Journal of Corrosion. 2012, doi: 10.1155/2012/380217.

[5] Ladha D.G, Wadhwani P.M, Lone M.Y, Jha P.C, & Shah N.K. Evaluation of Fennel Seed
Extract as a Green Corrosion Inhibitor for Pure Aluminum in Hydrochloric Acid: An
Experimental and Computational Approach. Analytical & Bioanalytical Electrochemistry,
2015, 7(1), 59-74.

[6] Nathiya, R., Perumal, S., Murugesan, V., & Raj, V. Evaluation of extracts of Borassus
flabellifer dust as green inhibitors for aluminium corrosion in acidic media. Materials Science
in Semiconductor Processing, 2019, 104, 104674.

[7] Abd EI Rehim S.S, Hassan H.H., & Amin, M.A. The corrosion inhibition study of sodium
dodecyl benzene sulphonate to aluminium and its alloys in 1.0 M HCI solution. Materials
Chemistry and Physics, 2002, 78, 337-348.

[8] Anbarasi, C. M., & Divya, G. A Green Approach to Corrosion Inhibition of Aluminium in
Acid Medium Using Azwain Seed Extract. Paper presented at the 6th International Conference
of Materials Processing and Characterization (ICMPC 2016).

[9] Mukherjee, D., Berchman, J., Rajsekkar, A., Sundarsanan, N., Mahalingam, R.,
Maruthamuthu, S., Karaikudi, D. Plant-based alkaloids inhibit corrosion of marine alloys.
Anti-Corrosion Methods and Materials. 1997.

[10] Sangeetha, M., Rajendran, S., Muthumegala, T., & Krishnaveni, A. Green corrosion

inhibitors-an overview. Zastita Materijala, 2011, 52(1), 3-19.



A. M. Ayuba et al. J Fundam Appl Sci. 2021, 13(2), 634-656 653

[11] Abdel-Gaber, A., Abd-El-Nabey, B., Sidahmed, 1., El-Zayady, A., & Saadawy, M.
Inhibitive action of some plant extracts on the corrosion of steel in acidic media. Corrosion
Science, 2006, 48(9), 2765-2779.

[12] Rathi P, Trikha S, & S., K. Plant extracts as green corrosion inhibitors in various corrosive
media- a review. World journal of pharmacy and pharmaceutical sciences, 2017, 6(4),
482-514.

[13] Silva, O., Serrano, R., and Gomes, E. T. Botanical characterization of Guiera senegalensis
leaves. Microscopy and Microanalysis, 2008, 14(5), 398-404.

[14] Berhaut, J. Flore illustrée du Sénégal, Gouvernement du Sénégal, Ministere du
développement rural, Direction des. 1988 (Vol. 9).

[15] Yildiz, R. An electrochemical and theoretical evaluation of 4,
6-diamino-2-pyrimidinethiol as a corrosion inhibitor for mild steel in HCI solutions. Corrosion
Science, 2015, 90, 544-553.

[16] Umoren S, Obot 1.B, Gasem Z, and Odewunmi N.A. Experimental and Theoretical Studies
of Red Apple Fruit Extract as Green Corrosion Inhibitor for Mild Steel in HCI Solution.
Journal of Dispersion Science and Technology. 2015, doi: 10.1080/01932691.2014.922887
[17] Bereket, G., Ogretir, C. and Yurt, A. Quantum mechanical calculations on some 4-
methyl-5-substituted imidazole derivatives as acidic corrosion inhibitor for zinc. Journal of
Molecular Structure (THEOCHEM), 2001, 571:139-145.

[18] Obot, 1.B., and Obi-Egbedi. N.O. An interesting and efficient green corrosion inhibitor for
aluminium from extracts of Chlomolaena odorata L. in acidic solution. Journal of
Electrochemistry, 2010, 40 (11), 1977-1984.

[19] Parvez K. M, Alam P, A.H, A., Al-Dosari, M. S., Alhowiriny T. A, & Algsoumi, I.S.
Analysis of antioxidative and antiviral biomarkers b-amyrin, b-sitosterol, lupeol, ursolic acid in
Guiera senegalensis leaves extract by validated HPTLC methods. Saudi Pharmaceutical
Journal. 2018.

[20] Somboro, A. A, Patel, K., Diallo, D., Sidibe, L., Chalchat, J. C., Figueredo, G., Chalard, P.
An ethnobotanical and phytochemical study of the African medicinal plant Guiera senegalensis

JF Gmel. Journal of Medicinal Plants Research, 2011, 5(9), 1639-1651.



A. M. Ayuba et al. J Fundam Appl Sci. 2021, 13(2), 634-656 654

[21] Tiwari Prishant, Bimlesh Kumar, Mandeep Kaur, Gurpreet Kaur and Harleen Kaur
Phytochemical screening and extraction: A Review. International pharmaceutica sciencia,
2011, 1(1): 98-106.

[22] Al Shafei N.K, Elshafie A.E, & Nour, A. Antitoxic, Antifungal and Phytochemical
Analysis of Medicinal Compounds of Guiera senegalensis Leaves in Sudan. J. Plant
Biochemistry & Physiology, 2016, 4(2), 166.

[23] Hamad M.S, Elsafi H, Saeed A, Fadul E, & R.H., A. A Review on the Taxonomy,
Ethnobotany, Phytochemistry and Pharmacology of Guriea senegalensis J. F. Gmel.
(Combretaceae). Medicinal & Aromatic Plants, 2017, 6(4). doi: 10.4172/2167-0412.1000296.
[24] Olasehinde, E., Ogunjobi, J., Akinlosotu, O., & Omogbehin, S. Investigation of the
Inhibitive Properties of Alchornea laxiflora leaves on the Corrosion of Mild Steel in HCI:
Thermodynamics and Kinetic Study. Journal of American Science, 2015, 11(1), 32-39.

[25] Stern, M., & Geary, A. L. Electrochemical polarization: I. A theoretical analysis of the
shape of polarization curves. Journal of the Electrochemical Society, 1957, 104(1), 56.

[26] Ropital, F. Environmental degradation in hydrocarbon fuel processing plant: issues and
mitigation Advances in Clean Hydrocarbon Fuel Processing Elsevier. 2011, 437-462.

[27] Govindasamy, R., & Ayappan, S. Study of Corrosion inhibition properties of novel
Semicarbazones on mild steel in acidic solutions. Journal of the Chilean Chemical Society,
2015, 60(1), 2786-2798.

[28] Fiot J, Sanon S, Azas N, Mahioua V, Jansen O, Angenot L, E., O. Phytochemical and
pharmacological study of roots and leaves of Guiera senegalensis J.F. Gmel (Combretaceae).
Journal of Ethnopharmacology, 2006, 106, 173-178.

[29] Fares, M. M., Maayta, A., & Al-Qudah, M. M. Pectin as promising green corrosion
inhibitor of aluminum in hydrochloric acid solution. Corrosion Science, 2012 60, 112-117.
[30] Krishnaveni, K., & Ravichandran, J. Effect of aqueous extract of leaves of Morinda
tinctoria on corrosion inhibition of aluminium surface in HCI medium. Transactions of
Nonferrous Metals Society of China, 2014, 24(8), 2704-2712.

[31] Udom, G. I., Cookey, G. A. and Abia, A. A. (2017). The Effect of Acanthus
montanusLeaves Extract on Corrosion of Aluminium in Hydrochloric Acid Medium. Journal

of Applied Science and Technology. 2017, 25(2): 1-11.



A. M. Ayuba et al. J Fundam Appl Sci. 2021, 13(2), 634-656 655

[32] Oguzie, E.E., Onuchukwu, A.l., Okafor, P.C. and Ebenso, E.E. Corrosion inhibition and
adsorption behavior of Occimum basiclicum extract on aluminum. Pigment and Resin
technology, 2006, 35(2):63-70.

[33] Oguzie, E. E., Adindu, C. B., Enenebeaku, C. K., Ogukwe, C. E., Chidiebere, M. A., &
Oguzie, L. L. Natural products for materials protection: Mechanism of corrosion inhibition of
mild steel by acid extracts of Piper guineense. Journal of Physical Chemistry, 2012, doi:
10.1021/jp300791s.

[34] Rao Padmalatha and PrabhuDeepa Corrosion inhibition of 6063 aluminium alloy by
coriandrumsatirum L. seed extract in phosphoric acid medium. Journal of material and
environmental science, 2013, 4: 732-743.

[35] Eddy, N. O., Ameh, P. O., & Essien, N. B. Experimental and computational chemistry
studies on the inhibition of aluminium and mild steel in 0.1 M HCI by 3-nitrobenzoic acid.
Journal of Taibah University for Science, 2018, 12(5), 545-556.

[36] Ating E.I, Umoren S.A, Udousoro 1.1, Ebenso E.E, & A.P., U. Leaves extract of Ananas
sativum as green corrosion inhibitor for aluminium in hydrochloric acid solutions. Green
Chemistry Letters and Reviews, 2010, 3(2), 61-68, doi: 10.1080/17518250903505253.

[37] Loto, C. A. Inhibition effect of tea (Camellia Sinensis) extract on the corrosion of mild
steel in dilute sulphuric acid. Journal of Materials and Environmental Science, 2011, 2:
335-344.

[38] Awe F.E, Idris S.O, Abdulwahab M, & Oguzie, E.E. Theoretical and experimental
inhibitive properties of mild steel in HCI by ethanolic extract of Boscia senegalensis. Cogent
Chemistry. 2015, 1(1) doi: org/10.1080/23312009.2015.1112676.

[39] Oguzie, E. E. Corrosion inhibitive effect and adsorption behaviour of Hibiscus
Sabdariffa extract on mild steel in acidic media. Portugaliae Electrochimical Acta, 2008, 26:
303-314.

[40] Fadare O. O., Okonkwo A. E. and Olasehinde E. F. Assessment of anti-corrosion
potentials of extract of Ficus asperifoliamig (morceae) on mild steel in acidic medium. African

journal of pure and applied chemistry, 2016, 10(1): 8-22.



A. M. Ayuba et al. J Fundam Appl Sci. 2021, 13(2), 634-656 656

[41] Zhao Qian, Tiantian Tang, Peilin Dang, Zhiyi Zhang and Fang Wang. The corrosion
inhibition effect of Triazinedithiol inhibitors for Aluminium Alloy in a 1M HCI solution.
Metals, 2017, 7(44), doi: 10.3390/met7020044.

[42] Okafor, P.C. and Ebenso, E.E. Inhibitive action of Carica papaya extracts on the corrosion
of mild steel in acidic media and their adsorption characteristics. Pigment and Resin

Technology 2007, 36(3):134-140.

How to cite this article:
Ayuba A.M, Abubakar M. Inhibiting aluminium acid corrosion using leaves extract of guiera
senegalensis. J. Fundam. Appl. Sci., 2021, 13(2), 634-656.




