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ABSTRACT

In this study, the inhibitive effects of Schiff's base, N-[(4{[(Z)-(4-hydroxy phenyl)
methylidene] amino} phenyl) sulfonyl acetamide (4-HPMAPSA) on mild steel cotrosion in
1.0 M HClgq at different temperatures were investigated using weight loss and scanning
electron microscope. The Fourier transform infrared spectrum and X-ray diffraction pattern
It was found that the inhibition effectiveness of 4-

of 4-HPMAPSA were obtained.
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HPMAPSA relies on the temperature, 4-HPMAPSA concentration and exposure period. 4-
HPMAPSA hinders mild steel corrosion and exhibits a maximum inhibitive efficiency of 88.5

% at 0.5 g of 4-HPMAPSA at 303 K. The activation energy (Ea) value (45.0 to 52.3 kJmol)
with an average of 47.7 kJmol! was obtained for the 4-HPMAPSA-inhibited reaction and
35.1 kJmol! for the uninhibited. The thermodynamic values calculated for the 4-HPMAPSA-
inhibited reaction show that the process is spontancous and endothermic. With an R? value
of 0.9646 to 0.9999, Langmuir isotherm best described the 4-HPMAPSA uptake behaviour.

INTRODUCTION

The gradual deterioration or destruction of metals by
chemical or electrochemical reactions with their
environment is called corrosion (Guruprasad et al., 2020).
It is a natural process that converts a refined metal into a
more chemically stable oxide. It is an afflicting problem
associated with every use of metals. Mild steel has many
applications in industrial installations and equipment
owing to its mechanical properties; however, this metal
corrodes easily when it comes in contact with an acidic
solution (Ikeuba et al, 2015), leading to significant
economic losses (Asmara and Kurniawan, 2018, Betti et
al. 2023). Several measures have been taken to control the
menace of metal deterioration, and one of the important
methods or processeses is corrosion inhibitors (Onwu et
al., 2016). Corrosion inhibitors are compounds which
control, reduce or prevent reactions between metals and
corrosive media (Chahul et al., 2018).

Most effective corrosion inhibitors ate expensive, toxic
and have adverse effect on the environment. The use of
these inhibitors for corrosion inhibition has been
restricted due to these properties (Pathak and Pratiksha,
20106). The toxicity and incompatibility of most corrosion
inhibitors with human health and environment are
sufficient inadequacies that have provoked a genuine and
concerted search for their replacement (Ofuyekpone et al.,
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2021). Most well-known and effective organic inhibitors
that have been produced and used for the corrosion
inhibition of metals are compounds with N, O, S, and P
atoms and aromatic rings or compounds (IKavitha and
Gunavathy, 2014). In addition to having good corrosion
inhibition properties, organic inhibitors are reliable, safer,
biocompatible and eco-friendly when compared with their
inorganic counterparts (Onwu et al., 20106).

Interestingly, Schiff’s bases could be considered one of the
most important types of organic inhibitors and have
proven to offer the replacement needed to replace their
toxic counterparts. The most effective acidic corrosion
inhibitors for many metals and alloys are organic
compounds containing electronegative atoms (nitrogen,
oxygen, Sulphur, phosphorus, etc.) and unsaturated bonds
(such as double). Kumari et al. (2014) reported that Schiff
base —(RC=NR-) has both features (lone pair of electrons
on nitrogen and double bond) combined with their
structure, showing extraordinary inhibition characteristics
for mild steel in an acid medium. They play significant
roles by blocking the active sites when adsorbed on the
surface, thereby lowering the effect of the corrodent
(Hegazy et al., 2014; Abdallaha et al., 2016). The inhibitory
potential of a number of Schiff bases in acidic solutions
have been discovered such as 4-hydroxyl phenyl
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methylidene-2-(1-phenyl ethylidene) hydrazine
carbothioamide and 4-hydroxy phenyl [methylidene]
amino-3, 4- dimethyl-5-phenyl cyclo pent-2-en-1-one
(Onwu et al, 2016; Ekuma et al., 2017); N,N’-bis-(1-
hydroxyphenylimine)-2,5-thiophenedicarboxaldehyde
(Wanees and Seda, 2019);  3-((5-mercapto-1,3,4-
thiadiazol-2-yl) imino)indolin-2-one (Betti et al., 2023) and
2-amino-9-(1H-indol-3-yl)-4-(4-methoxyphenyl)-7-
oxol,7-dihydropyrido|[1,2-b][1,2,4|triazepine-3,8,10-
tricarbonitrile and ethyl 2-amino-8,10-dicyano-9-(2-
hydroxy3- methoxyphenyl)-4-(4-methoxyphenyl)-7-oxo-
1,7-dihydropyrido[1,2-b][1,2,4]triazepine-3-catboxy  late
(Paul at et al., 2021).

OH

The Schiff's base, N-[4{[(Z)-(4-hydroxy phenyl)
methylidene]amino}phenyl) sulfonyl] acetamide (4-
HPMAPSA) has not been investigated or reported for
corrosion inhibition of mild steel in any medium. For the
present research, FT-IR spectroscopy, SEM studies, X-ray
diffraction and weight loss studies of corrosion of mild
steel in the absence and presence of different
concentrations of 4-HPMAPSA in 1 M HCI solution were
carried out. The structute of N-[(4{[(Z)-(4-hydroxy
phenyl) methylidene]amino}phenyl) sulfonyl] acetamide
(4-HPMAPSA) is presented in Scheme 1.

NelCH (S -(-hyvdroxy phenyv]) methyhdene | anuno fphenyvl) sulfonyl | acetanude

Scheme 1: 4-HPMAPSA

MATERIALS AND METHODS
Materials

The Schiff's base, N-[(4{[(Z)-(4-hydroxy phenyl)
methylidene] amino} phenyl) sulfonyllacetamide was
synthesised through a condensation reaction. This was
carried out through condensation reaction by refluxing 4-
hydroxybenzaldehyde (1.22 g, 0.01 mol) with
sulphacetamide (2.14 g, 0.01 mol) in the presence of
ethanol. Thin-layer chromatography was used to monitor
the reaction. The product was washed with a 5-10%
ethylacetate-hexane mixture.

The mild steel employed for this work was of composition
(wt %) P (0.36), C (0.15), Mn (0.6), Si (0.031) and Fe
(98.85). The sheet material was press-cut into coupons of
size 3 cm x 2 cm x 0.1 cm for each sheet. Each coupon
was washed with ethanol, dried in acetone and stored in
moisture-free desiccators until the time of use. A 1.0 M
HClq was used for the gravimetric studies.

Characterisation

The N-[(4{[(Z)-(4-hydroxy phenyl) methylidene] amino}

using an X-ray diffractometer (model: Bruker Smart 1000
CCD diffractometer). Scanning electron micrographs
were obtained for the corroded coupons using a scanning
electron microscope, model SU9000. (Ma et al., 2015;
Ugwuja et al., 2019).

Gravimetric method

Weight loss analysis was carried out by dipping the
weighed coupons in 150 mL of the test solution (1 M HCI)
in six different beakers containing  different
concentrations of 4-HPMAPSA at 303 K in a thermostatic
watet bath (Ekuma et al, 2017). The coupon was
removed from the solution at the end of the exposure
period (2 h), washed with 5% chromic acid solution
containing 1% silver nitrate and 1% ammonium chloride
to stop the corrosion reaction, rinsed in water and dried in
acetone and reweighed with analytical weighing balance.
This process was repeated at 313, 323 and 333 K. At 303
K, the experiment was repeated, and the coupons were
retrieved every 1 h for 5 h. The weight loss, degtee of
surface coverage, corrosion rate and inhibition efficiency
were calculated using equations 1, 2, 3 and 4, respectively

(Abdallah and AL Jahdaly, 2015).

phenyl) sulfonyljacetamide was analysed using FTIR AW =Wo —-W1 )
spectrum  obtained from Frontier Perkin Elmer R —CR:
spectrophotometet in the range of 400 to 4000 cm-!. X- 6 = % 2
ray diffraction pattern of (4-HPMAPSA) was obtained un
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Cottosion rate = AW /At 3)
o/ _ CRun—CRin
1LE% = T 100 “

Where W, and Wy are the initial and final weights of mild
steel coupons, CR;;, and CR,,;, represent the inhibited and
the uninhibited corrosion rates, AW is the weight loss, A
is the surface area of the coupon, and t is the immersion

period (Abdallah and AL Jahdaly, 2015).
Results and discussion
Characterisation

From the FTIR spectrum of 4-HPMAPSA (Figure 1), the
following peaks represent the functional groups: O-H
(3365.90 cm!), C=N (1693.43 cm!), C=0 (1606.27 and
1083.93 cm), C=C (1585.08 and 1512.01 cm), C-H
bend (1443.35, 1382.93 and 1387.08 cm"), C-N (1249.83
and 1232.06 cm™) and C-O (1030.71 cm!). The FTIR
helps to identify the functional groups present in the
compound and the formation of the C=N-group at
1693.43 cm! (Omorogie et al., 2014; Nwaniji et al., 2020;

From the X-ray diffraction pattern of 4-HPMAPSA
(Figure 2), the clear, sharp Bragg's peaks observed imply
that 4-HPMAPSA is crystalline in nature (Omorogie et al.,
2014; Sharma, 2015).

®T

[y

Effect of inhibitor concentration and temperature

From the plots of weight loss versus temperature (Figure
3) for mild steel corrosion in 1 M

HClq in the presence of 4-HPMAPSA, it is clear that an
increase in

temperature increased the weight losses of the mild steel,
which implies that the temperature

increase accelerated the process (Ekuma et al., 2017).
However, with the introduction of 4-HPMAPSA, the
weight loss of the mild steel reduced, implying that 4-
HPMAPSA decelerated the cotrosion of the mild steel in
HClpuq (Shah et al., 2020). Similar interpretations have
been reported (Eddy and Ameh, 2021). The corrosion
rate of mild steel in HCI and the inhibition effectiveness
of 4-HPMAPSA (Figure 4 and Table 1) for the reactions
revealed that an increase in 4-HPMAPSA concentration
lowered the corrosion rate and increased the 4-

HPMAPSA inhibition effectiveness (Burakov et al., 2018).

Effect of Immersion Time

The plots of the corrosion rate of mild steel against time
(Figure 5) in the presence of 4-HPMAPSA at 303 K
showed that the corrosion rate increased with an increase
in the contact period and decreased with an increase in the
4-HPMAPSA concentration (lkeuba and Okafor, 2019;
Shah et al., 2020).

1001 35010 001 i

NaTe Desziplin

B_003 1 Sawple BBy Advnishatr Date Tuesday, Juy IT 2221

Figure.l: FTIR spectrum of 4-HPMAPSA
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Figure.2: XRD pattern of 4-HPMAPSA
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Figure.3: Plots of weight loss against temperature in the presence of 4-HPMAPSA
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Figure.4: Plots of inhibition efficiency versus 4-HPMAPSA concentrations in 1 M of HCI
Table 1: Corrosion rate, CR (gem2h) and inhibition efficiency (%) of 4-HPMAPSA in 1 M HCI
Conc.(g) 303 K 313 K 323 K 333 K
CR %I CR %I CR %1 CR %1
0.0 0.0020 - 0.0033 - 0.0046 - 0.0073 -
0.1 0.00045 77.5 0.0010 69.7 0.0013 71.7 0.0025 65.8
0.2 0.00039 80.5 0.00082 75.2 0.0012 73.9 0.0022 69.9
0.3 0.00036 82.0 0.00075 77.3 0.0011 76.1 0.0020 72.6
0.4 0.00030 85.0 0.00073 77.9 0.0010 78.3 0.0019 74.0
0.5 0.00023 88.8 0.00071 78.5 0.00095 79.3 0.0019 76.7
0.0035
0.003
0.0025
- —@— Blank
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Figure.5: Plots of corrosion rate with time in 1 M HCl with 4-HPMAPSA

Table 2: Corrosion rate, CR (gem-2h!) and inhibition efficiency (%) of 4-HPMAPSA with time at 303 K

Time 00g 01g 02¢g 03¢ 0.4¢g 05¢g
(h) C.R C.R %I C.R %I C.R %l C.R %I C.R %I
1 0.0018 0.00034 81.1 0.00033  81.7 0.00032  82.2 | 0.00027 85.0 0.00022  87.8
2 0.0020 0.00045 77.5 0.00039  80.5 0.00036  82.0 | 0.00030  85.0 0.00023  88.5
3 0.0022 0.00064 70.9 0.00051 76.8 0.00040  81.8 | 0.00034  84.5 0.00026  88.2
4 0.0025 0.00084 66.4 0.00069 724 0.00046  81.6 | 0.00036 85.6 0.0003 88.0
5 0.0029 0.00104 64.1 0.00086  70.3 0.00053  81.7 | 0.00039 806.6 0.00031 89.3
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Surface study by scanning electron microscope

Scanning electron micrographs of mild steel in the absence
and presence of 4-HPMAPSA in 1 M HCI are shown in
Figure 6 (x) and 06(y), respectively and cleatly, the
corrosion products in the form of pits and flakes can be
seen in Figure. 6(x), which implies that the surface was
seriously affected by corrosion (Guruprasad et al., 2020).
However, with the introduction of 4-HPMAPSA as an
inhibitor, Figure. 6(y), it is obvious that the corroding
effect is seriously reduced and perhaps, as a result of the
4-HPMAPSA layer formed on the surface (Guruprasad et
al., 2020).

Figure. 6: SEM for the uninhibited and 4-HPMAPSA-
inhibited mild steel

]
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Adsorption consideration

The study of 4-HPMAPSA adsorption on mild steel
surface using different adsorption isotherm models
showed that Langmuir isotherm gave the best fit, and it
can be expressed according to equation (5), which
simplifies to Equation (6) (Ekuma et al., 2017; Salman et
al.,, 2019).

c_ 1

o /Kads +C (5)
Cc

Log ( 5) = log C - log Kqas ©)

From equation (6), log(C/0) against log C should produce
a linear graph if the Langmuir isotherm is obeyed [5, 18,
32, 33]. Kuiscan be determined from the intercept. Figure
7 shows the Langmuir plot for the inhibited reaction of
the metal in 1 M HClgg solution. The Langmuir
parameters are given in Table 3. The high R? values, which
ranged from 0.9646 to 0.9999, show that Langmuir
isotherm best fitted into the experimental data and also
indicate monolayer adsorption of 4-HPMAPSA on the
surface (Eddy and Ameh, 2021; Oyedeko et al., 2022).
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Figure.7: Langmuir plots for 4-HPMAPSA adsorption at different temperatures

Kinetic and thermodynamic considerations

In calculating the activation energy, the Arrhenius
equation was used, according to equation (7) and on
linearising (7), equation (8) is obtained (Waneces et al.,
2017).

CR = Aexp (—Ea/RT) (7)
Log CR = logA — Ea/z_3o3 RT ®)

From equation (8), log CR versus 1/T produces a linear
graph whose slope equals -Ea/2.303R. The determined
values of Ea from the slope (Figure 8) were very large and
ranged from 35.1 kJ/mol to 52.3 kJ/mol, as shown in
Table 4. 'The Ea value of 35.1 kJ/mol calculated for the
uninhibited reaction was significantly smaller than the 47.7

kJ/mol (average) value for the 4-HPMAPSA-inhibited
reaction, and this shows that the 4-HPMAPSA mitigated
the mild steel corrosion (Wanees et al., 2017; 2019).

The transition state relation (equation 9) was employed for
the thermodynamic parameters determination and the free
energy, AG from equation (10) (Ekuma et al., 2017).

CR) _ R AS _ AH
Log ( T) = log Nh + 2.303R /2.303RT ©)

AG = AH —TAS (10)

Where AH is the enthalpy of adsorption, AS is the entropy
of adsorption, AG is Gibbs free energy, R is the gas
constant, T is the temperature, N is the Avogadro’s
number, while h is the Planck’s constant.
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From equation (9), log (CR/T) versus 1/T produces a
linear plot, and its slope is equal to - AH/2.303R and the
intercept, log R/Nh + AS/2.303R (Aslam et al., 2017).
Figure 9 shows the Transition state plots, and Table 4
shows the thermodynamic values for 4-HPMAPSA
uptake onto the mild steel surface.

The calculated values (Table 4) of AH are 42.3 kJ/mol,
43.7 kJ/mol, 43.3 kJ/mol, 46.0 kJ/mol and 49.7 kJ/mol,
and this reveals the endothermic nature of the 4-
HPMAPSA-inhibited reaction (Lai et al, 2017). The
increasing values at higher inhibitor concentrations
suggest improved uptake and protective layer formation

(Zhou et al,, 2016; Gupta et al.,, 2016). The calculated
values of AS ranged from 0.252 kJ/mol to 0.272 kJ/mol
with an average of 0.259 k] moll. The values of AG
calculated from equation (10) ranged from -34.1 to -32.7
k] mol! at 303 K, -36.6 to -35.4 k] mol! at 313 K, -39.1
to -38.2 k] mol! at 323 K and -41.6 to -40.9 k] mol! for
the 4-HPMAPSA-inhibited reaction. The negative values
of AG implies that the inhibitor adsorption onto the metal
surface is spontaneous (Zhou et al., 2015; Gupta et al.,
2016), and the range of AG wvalues as the temperature
increases suggest that the uptake of 4-HPMAPSA on the
mild steel surface involved both physical and chemical
adsorption (Jagadeesan et al., 2010).

Table 3: Langmuir parameters for 4-HPMAPSA adsorption onto the surface

Temperature (K) R? K45 Slope
303 0.9994 1.0917 0.9233
313 0.997 1.1327 0.8697
323 0.9999 1.2095 0.9355
333 0.9646 1.2303 0.8453

Table 4: Thermodynamic values for 4-HPMAPSA uptake at different temperatures (in kJ/mol)

Conc. (g) E, AH AS AG AG AG AG
303 K 313 K 323 K 333 K
0.0 35.1 32.4 0.231 -37.6 -39.9 -42.2 -44.5
01 45.0 42.3 0.252 -34.1 -36.6 -39.1 -41.6
0.2 46.3 43,7 0.256 -33.9 -36.4 -39.0 -41.5
0.3 46.0 43.3 0.254 -33.7 -36.2 -38.7 -41.3
0.4 48.7 46.0 0.262 -33.4 -36.0 -38.6 -41.2
0.5 52.3 49.7 0.272 -32.7 -354 -38.2 -40.9
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Figure.8: Arrhenius plot for the corrosion inhibition of mild steel with 4-HPMAPSA
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Figure.9: Transition state plot for the inhibition of mild steel corrosion with 4-HPMAPSA

CONCLUSION

N-[(4{[(Z)-(4-hydroxy phenyl) methylidene] amino}
phenyl) sulfonyl]acetamide is an effective inhibitor for
mild steel in 1 M HCI solution. The inhibition efficiency
of 4-HPMAPSA relies on temperature, 4-HPMAPSA
concentration and immersion period. The maximum
inhibition efficiency was 88.5 % in 0.5 g of 4-HPMAPSA
at 303 K. From the thermodynamic consideration, 4-
HPMAPSA adsorption on a mild steel surface is
endothermic and spontaneous.  The tesult of the
adsorption of 4-HPMAPSA on a mild steel surface
showed that it obeyed Langmuir isotherm, indicating
monolayer layer coverage. This study's results show that
4-HPMAPSA can be gainfully applied by researchers in
the corrosion field against corrosion attacks on metallic
materials.

RECOMMENDATION

It is recommended that more research be carried out using
4-HPMAPSA as a corrosion inhibitor for mild steel and
other metals in different acidic media.
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