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Abstract

The inhibition and adsorption potential of Schiff’s base, N-[(4{[(Z)-phenyl methylidene]lamino}phenyl)sulfonyl]acetamide
(PMAPSA) for zinc corrosion in HCI solution at different temperatures were studied using gravimetric method. The PMAPSA,
uninhibited and inhibited zinc samples were characterized using the Fourier transform infra-red spectrum, X-ray diffraction and
scanning electron microscope (SEM). The inhibitive effect of PMAPSA depend on the immersion period, PMAPSA
concentration and temperature. The study revealed that the higher the PMAPSA concentration the lower the weight loss. The
inhibitor, PMAPSA was found to exhibit a maximum inhibitive efficiency of 65.1 % at 0.5 g of PMAPSA and at 303 K. The
activation energy of the inhibited corrosion reaction ranged from 9.72 kJ mol to 11.24 kJ mol* with 10.39 kJ mol™ (average)
which is more than the 4.49 kJmol~ obtained for the uninhibited. Thermodynamic assessment of the corrosion process revealed
that the PMAPSA adsorption on the zinc surface is endothermic and spontaneous. The uptake characteristic of PMAPSA was
best described by Langmuir isotherm and this further buttressed the conclusion that the mode of adsorption of PMAPSA may
have followed chemisorption mechanism.
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1. Introduction

Corrosion is the chemical or electrochemical attack that causes deterioration or degredation in the physical,
metallurgical and mechanical attributes of engineering materials (Ofuyekpone et al., 2021). It is an afflicting
problem associated with every use of metals. Zinc is one of the important metals used for various industrial
applications. Zinc corrosion is often accelerated by both acidic and alkaline solutions due to its amphoteric nature
(Abdallaha et al., 2016). Acidic solutions are commonly employed in various industries for acid cleaning, descaling,
pickling process and so forth, because of this zinc metal will undergo rapid corrosion (Guruprasad et at., 2020).
Metal corrosion is a constant and continuous problem, often difficult to eliminate completely because metals
generally tend to move to its original state by corrosion process. Prevention would be more practical and achievable
than complete elimination (Eddy and Ameh, 2021). The use of corrosion inhibitor is one of the effective and reliable
methods of preventing and reducing the rate of metal corrosion (Chahul et al., 2018). A corrosion inhibitor is "a
chemical substance which, when added at low concentration to the corrosive medium, slows or stops the corrosion
process of a metal in contact with that medium (Ikeuba et al., 2015; Onwu et al., 2016; Ekuma et al., 2017, Vashi
and Zele, 2021; Bilgic, 2022).

Studies have shown that organic compounds containing heteroatoms such as nitrogen, sulphur, phosphorus and
oxygen with high electron density as well as those containing multiple bonds which are considered as adsorption
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centres, are effective as corrosion inhibitor (Aloysius et al., 20117; Swetha et al., 2018). But the challenges of
managing most of these organic inhibitors rest on their cost, toxicity, ease of availability, and eco-friendliness (Eddy
and Ameh, 2021), these properties restrict its use to inhibit the metal corrosion (Pathak and Pratiksha, 2016). As a
result, many researchers are focusing their efforts on replacing these toxic inhibitors with non-toxic and eco-friendly
ones.

Schiff bases are the compounds containing azomethine group (-HC=N-) and could be considered as one of the most
important types of organic inhibitors. This is as a result of the presence of C=N-group, p-electrons of aromatic rings
and the heteroatoms (N, O, P and S) that may be attached within the molecule, easy to adsorb on the metal to form a
protective film (Gupta, 2016). The r- bonds in their structures as well as heteroatoms and the lone pair of electrons
on nitrogen in a compound have been reported to render a compound an efficient corrosion inhibitor for metals and
alloys (Hegazy et al., 2014; Onwu et al., 2016; Ekuma et al., 2017). Schiff’s basees have other advantages such as
easiness to prepare, high purity, non-toxic (unlike other organic and inorganic inhibitors), environmentally friendly
and interacts strongly with metal surfaces (Singh and Quraishi, 2016; Elaryian et al., 2022).

Several authors have investigated and reported the corrosion inhibition potentials of different Schiff bases as non-
toxic and eco-friendly corrosion inhibitors. Schiff bases like (E)-3-(1- ((2-aminophenyl)imino)ethyl)-4-hydroxy-6-
methyl-2H-pyran-2-one; (E)-3-(1-((3-aminophenyl)imino)ethyl)-4-hydroxy-6-methyl-2H-pyran-2-one, and (E)-3-(1-
((4-aminophenyl)imino)ethyl)-4-hydroxy-6-methyl-2H-pyran-2-one (Nahlé et al., 2021); 3-((5-mercapto-1,3,4-
thiadiazol-2-yl) imino)indolin-2-one (Betti et al., 2023); 2-amino-9-(1H-indol-3-yl)-4-(4-methoxyphenyl)-7-oxo-
1,7-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-carboxy late (Paul at et
al., 2021) were reported as good corrosion inhibitors for mild steel in acid corrosive medium; 4-hydroxyl phenyl
methylidene-2-(1-phenyl ethylidene) hydrazine carbothioamide and 4-hydroxy phenyl [methylidene] amino-3, 4-
dimethyl-5-phenyl cyclo pent-2-en-l-one (Onwu et al., 2016; Ekuma et al, 2017); N,N’-bis-(1-
hydroxyphenylimine)-2,5-thiophenedicarboxaldehyde (Abd El Wanees and Seda, 2019) have been reported as good
corrosion inhibitors of zinc in acidic medium.

The Schiff’s base, N-[(4{[(Z)-phenylmethylidene]amino}phenyl)sulfonyl] acetamide (PMAPSA) has not been
tested or reported for corrosion inhibition of zinc in any medium. For the present work, our research group has
carried out FT-IR spectroscopy, SEM studies, X-ray diffraction and weight loss studies of corrosion of zinc metal in
the absence and presence of different concentrations of PMAPSA in 1 M HCI solution. The structure of N-[(4{[(2)-
phenylmethylidene]amino}phenyl)sulfonyl]acetamide (PMAPSA) is shown in Scheme 1.
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N-[(4{[(Z)-phenylmethylidene]amino } phenyl)sulfonyl]acetamide
Scheme 1: PMAPSA

2.0 Experimental

2.1 Materal collection and preparation

The Schiff’s base, PMAPSA was synthesized through condensation reaction. This was carried out via condensation
reaction, by refluxing sulphacetamide (2.14 g, 0.01 mol) with benzaldehyde (10 ml of 0.01 mol) in the presence of
ethanol. Thin layer chromatography was used to monitor the reaction. The product was washed with 5:10 %
ethylacetate-hexane mixture.
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The zinc material employed in this work is composed of (wt %) Fe (0.002), Cd (0.001), Pb (0.001), Cu (0.0031) and
Zn (99.99). The sheet material was press-cut into coupons of size 2 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 (Ameh et al.,
2012). A 1.0 M HClaq) was used for the gravimetric studies.

2.2. Characterisation

The composition of N-[(4{[(Z)-phenylmethylidene]lamino}phenyl)sulfonyl] acetamide (PMAPSA) was analyzed
using FTIR spectrum obtained from Frontier Perkin Elmer spectrophotometer in the range of 400 to 4000 cm™. X-
ray diffraction pattern of PMAPSA was obtained using X-ray diffractometer (model: Bruker Smart 1000 CCD
diffractometer). Scanning electron micrographs were obtained for the corroded coupons using scanning electron
microscope, model SU9000. (Ma et al., 2015).

2.3 Gravimetric method

Weight loss analysis was carried out by dipping the previously weighed zinc coupons in 200 mL of the test solution
(1 M HCI) in six different beakers at 303 K in a water bath containing different concentrations of PMAPSA (Onwu
etal., 2016; 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 (Onwu et al., 2016; Ekuma et al., 2017). This
process was repeated at 313, 323 and 333 K. At 303 K, the experiment was repeated and the coupons were retrieved
after every 1 h for 5 h (Eddy and Ameh, 2021). Equations 1, 2, 3 and 4, respectively were employed to calculate the
weight loss, corrosion rate, degree of surface coverage and the inhibition efficiency (Eddy and Ameh, 2021).

AW = Wo — W1 (1)
Corrosion rate = AW /At 2
_ CRyn—CRin
9= CRun )
1.LE% = Lun—Rin 5 100 (4)

un

Where W, and W1 are the initial and final weights of zinc coupons, CRi, and CRy, represents the PMAPSA-inhibited
and uninhibited corrosion rates, t is the period of immersion and A is the specimen area (El-Haddadabd et al., 2019).

3.0 Results and Discussions

3.1. Characterization data

From the FTIR spectrum of PMAPSA (Figure 1), the following peaks represent the functional groups N-H (3139.17
cm), C-H stretch (2919.85 cm™?), C=N (1627.52 cm™?), C=C (1585.95 and 1571.13 cm™), C-H (1492.23 and
1450.90 cm™), C-H bend (1339.45 and 1339.20 cm™), C-N (1261.17 cm™) and C-O (1029.53 cm™). The FTIR
provides insight on the functional groups present in the compound and the formaton of the C=N-group at 1627.52
cm* (Omorogie et al., 2014; Nwanji et al., 2020;). PMAPSA is a white solid and the product yield is 72%.

From the XRD pattern obtained for PMAPSA (Figure 2), the peaks are sharp peaks which indicates that PMAPSA is
crystalline in nature (Babalola et al., 2016).
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Fig.2: XRD pattern of PMAPSA

3.2 Effect of temperature and inhibitor concentration

At 303K, a weight loss of 0.2236g was obtained in 0.1 g of PMAPSA in 1 M HCl ), which decreased to 0.1908 g in
0.5 g of PMAPSA at same 303 K. It followed the same trend at 333 K, with weight loss of 0.3352g in 0.1 g of
PMAPSA which decreased to 0.2724 in 0.5 g of PMAPSA.
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Fig. 3 shows that there was a marked decrease in weight loss as PMAPSA concentration increased from 0.1 to 0.5g
in 1 M HClq). PMAPSA decelerated the corrosion reaction. However, higher weight loss of zinc in HCI solution at
higher temperature, shows that increase in temperature increases the corrosion rate (Onwu et al., 2016; Ekuma et al.,
2017; Burakov et al., 2018).

Inhibition efficiency of 47.4 % was obtained as the minimum in 0.1g of PMAPSA at 333K while 60.0% was the
maximum in 0.5g of PMAPSA at 303K. Inhibition efficiency of PMAPSA increased with its concentration as shown
in Fig. 4. Inhibition efficiency (%) of inhibitors increases with increase in inhibitor concentration (Ikeuba and
Okafor, 2019). At 303K, a corrosion rate of 0.0140 gcm2h"* was obtained in 0.1g of PMAPSA and 0.0132 gcmh
in 0.5g of PMAPSA. At 333K, 0.0197 gcm?h! was obtained in 0.1g of PMAPSA and 0.0189 gcm?h™ in 0.5 g of
PMAPSA.

0.6
—
0.5 <&
™
o4 .
(92}
(%2}
S
- 0.3
T
)
g 0.2 —o—Blank
——0.1g
01 029
—=0.3¢
—#=04¢
0 0549
300 305 310 315 320 325 330 335

TEMPERATURE (K)

Fig.3: Plots of weight loss of zinc against temperature in 1 M of HCI at different PMAPSA dosage
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Fig.4: Plots of inhibition efficiency versus concentration of PMAPSA in 1 M of HCI at different temperature
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Fig.5: Plots of weight loss of zinc against temperature in 1 M of HCI at different PMAPSA dosage

3.3 Effect of immersion time

In 0.1g of PMAPSA, it was observed that the weight loss increased steadily from 0.1825g to 0.4053g as the
immersion time increased from 1 to 5h respectively. But the weight loss decreased from 0.1825 to 0.1612g as
PMAPSA concentration increased from 0.1 to 0.5g respectively. Fig. 6 shows that PMAPSA decelerated the rate of
weight loss of the zinc in HClg). It has been reported that weight loss of zinc increased with increase in the period
of exposure and decreased with increase in the concentration of inhibitor (Okafor and Apebende, 2014).
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Fig.6: Plots of weight loss of zinc versus time in 1 M of HCI with PMAPSA at 303 K
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The optimum inhibition efficiency of 65.1% was obtained in 0.5g of PMAPSA (Table 1), which decreased as the
immersion time progressed.

Table 1: Inhibition efficiency, I.E (%) of zinc in 1 M of HCI at different time in PMAPSA at 303 K

Time (h) 0.1g 029 03¢ 0449 05¢
%l %l %l %l %l
1 60.6 63,3 64.0 64.4 65.1
2 55.6 59.5 59.1 59.7 60.0
3 53.6 56.8 59.0 59.5 59.8
4 51.4 52.1 55.8 57.7 59.5
5 46.8 47.1 48.3 55.0 58.4

3.4 Surface study by Scanning Electron (SEM)

Scanning electron micrograph of corroded zinc in 1 M HClq) was obtained to study the surface morphology. The
scanning electron micrographs of zinc in the absence and presence of PMAPSA are shown in Fig. 7(c) and 7(d)
respectively. The observed flakes showing corrosion products in Fig. 7(c), implies that the zinc surface was
seriously affected by corrosion. In the presence of PMAPSA, corroding effect on the zinc surface was seriously
reduced (Figure 7d). Inhibitors form protective layer on metal surfaces (Guruprasad et al., 2020).

7(0) N 7(d)
Fig.7: SEM for the uninhibited and PMAPSA-inhibited zinc

3.5 Adsorption consideration

Adsorption behaviour of PMAPSA on the surface of zinc was investigated using different adsorption isotherm
models. PMAPSA adsorption data fitted best into Langmuir isotherm. Langmuir isotherm is expressed by equation
(5), which simplifies to Equation (6) (Salman et al., 2019).

e=1g+c 5)

Log(%)=logC-I0gK (6)

Log(C/0) against log C (from equation 6) should produce a linear graph if the Langmuir isotherm is obeyed (Onwu
et al., 2016; Ekuma et al., 2017; Arthur, 2020). Figure 8 shows Langmuir plots for the inhibited corrosion reaction of
zinc in 1 M HClg). The high R? values (Table 2) ranging from 0.9996 to 1.0 implies that Langmuir gave the best
description to the corrosion inhibition data. Langmuir isotherm and monolayer coverage implies chemisorption
mechanism (Oyedeko et al., 2022).
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Fig.8: Langmuir plots for PMAPSA adsorption at different temperatures
Table 2: Langmuir isotherm parameters for PMAPSA uptake onto the surface
Temperature (K) R? Kaqs Slope
303 1.0 1.6379 0.9756
313 0.9999 1.6665 0.9624
323 0.9996 1.7750 0.9617
333 0.9999 1.9231 0.9758

3.6 Kinetic and thermodynamic considerations

The experimental data were fitted into different kinetic order of reactions. The order and rate constants of PMAPSA -
inhibited reaction were calculated and the results revealed that the corrosion reactions of zinc followed first order
kinetics and similar results have been reported (Onwu et al., 2016; Ekuma et al., 2017). A first order equation is
expressed according to equation (7), which on rearrangement and integration yields equation (8).

—d([A]o —y)/dt = kit (7)
— log ([Alo = ¥)/[Al, = k1t/2.303 (8)

Where [A], and y are the concentrations of zinc at time t = 0 and at time, t. k; is the first order rate constant.

From equation (8), —log [weight loss] against time will give a linear graph (Onwu et al., 2016; Ekuma et al., 2017).
Its slope is equivalent to -k; /2.303 and the half-lives of the uninhibited and PMAPSA-inhibited reactions were
determined from equation (9) (Onwu et al., 2016; Ekuma et al., 2017).

ti2 = 0.6931/k,; 9

Figures 9 show kinetic plots for zinc corrosion in 1.0 M HCI at 303 K. The values of first-order rate constant (k)
were determined from the slopes of the kinetic plots, and used to calculate values of half-life ¢,,, at different
concentrations of PMAPSA using equation (9) (Nwigwe et al., 2019; Onwu et al., 2016; Ekuma et al., 2017) . The
values of t;,, (Table 3) for the PMAPSA-inhibited reactions increased from 3.34 to 5.50 h, higher than 3.19 h
obtained for the uninhibited. This implies that PMAPSA extended the half-life of the corrosion of zinc in the HClg).
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Fig.9: Kinetic plot for zinc corrosion in 1 M HCI

Table 3: Values of rate constant and half-life for zinc corrosion in 1.0 M HCI with PMAPSA at 303 K

Blank 0.1g 029 0.3g 044¢g 59
ky 0.217 0.207 0.200 0.178 0.163 0.126
ti(h) 3.19 3.34 3.47 3.89 4.25 5.50
2

The activation energies for the zinc corrosion in HCI were determined using the Arrhenius relation expressed in
equation (10) and on linearizing (10) equation (11) is obtained (Ikeuba et al., 2013).

CR = Aexp (—Ea/RT) (10)

where CR is the rate of corrosion, Ea is the activation energy of corrosion, A is the pre-exponential factor, R the gas
constant and T the temperature (Gupta et al., 2016).

From equation (11), log CR against 1/T gives a linear plot and its slope equal to -Ea/2.303R (Ikeuba et al., 2015;
Eddy and Ameh, 2021). Figure 10 shows the Arrhenius plot for the inhibition of zinc corrosion in 1 M HCI in
different concentrations of PMAPSA. The calculated values of Ea (Table 4) from the slope for the inhibited, ranged
from 9.72 kJ mol* — 11.24 kJ mol* with 10.39 kJ/mol (average) which is more than the 4.49 kJ/mol obtained for the
uninhibited. This implies that the PMAPSA mitigated the zinc corrosion in HClag).

The transition state relation (equation 12) was employed for the thermodynamic parameters determination and the
free energy, AG from equation (10) (Ikeuba et al., 2015; Eddy and Ameh, 2021).

CRY _ R AS _ AH
Log ( T) = log Nh + 2.303R /2.303RT (12)

AG = AH — TAS (13)

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.



Ogueji et al./ UNIZIK Journal of Engineering and Applied Sciences 3(1), 416-429 425

From equation (12), log (CR/T) against 1/T gives a linear graph (Onwu et al., 2016; Ekuma et al., 2017). Its slope
and intercept are equal to - AH/2.303R and log R/Nh + AS/2.303R respectively (Ikeuba et al., 2015; Elaryian et al.,
2022). Figure 11 shows the Transition state plots and the thermodynamic values (Table 5) for the PMAPSA
adsorption onto the surface.
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Fig.10: Arrhenius plot for the corrosion inhibition of zinc in 1 M of HCI
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Fig.11: Transition state plot for the inhibition of zinc corrosion in 1 M of HCI
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Table 4: Thermodynamic parameters for the PMAPSA uptake at different temperatures (in kJ/mol)

Conc. (9) E, AH AS AG AG AG AG
303 K 313K 323K 333K
0.0 4.49 2.041 0.155 -44.92 -46.47 -48.02 -49.57
01 9.72 7.100 0.164 -42.59 -44.23 -45.87 -47.51
0.2 10.30 7.680 0.166 -42.62 -44.28 -45.94 -47.60
0.3 10.23 7.617 0.165 -42.38 -44.03 -45.68 -47.33
0.4 10.44 7.833 0.166 -42.47 -44.13 -45.79 -47.45
0.5 11.24 7.477 0.165 -42.52 -4417 -45.82 -47.47

From Table 5, the calculated values of AH ranged from 7.100 kJ/mol to 7.833 kJ/mol with 7.541 kJ mol™* (average)
for the PMAPSA-inhibited reaction. The positive values of AH indicates that the adsorption of an inhibitor on a
metal surface is endothermic in nature (Zhou et al., 2015; Gupta et al., 2016; Jagadeesan et al., 2016; Monk et al.,
2021). The AS values (Table 5) were positive and ranged from 0.164 kJ/mol to 0.166 kJ/mol. The positive values of
AS may suggest some structural rearrangement of the adsorbed PMAPSA compound upon inhibition and further
revealed that the freedom of the inhibitor is not totally restricted even at the zinc surface (Ekuma et al., 2017). The
determined values of AG ranged from -42.59 to -42.52 kJ mol* at 303 K, -44.23 to -4417 kJ mol* at 313 K, -45.87
to -45.82 kJ mol* at 323 K and -47.51 to -47.47 kJ mol for the PMAPSA-inhibited reaction. Negative values of AG
implies that the inhibitor adsorption onto the metal surface is spontaneous (Zhou et al., 2015; Gupta et al., 2016;
Jagadeesan et al., 2016; Monk et al., 2021). The AG values for the PMAPSA inhibited reaction were above -40
kj/mol. It has been reported that AG values above the threshold value of -40 KJ/mol implies chemisorption
(Abdallah et al., 2016).

4.0. Conclusion

The successful synthesis of the Schiff base, PMAPSA was done and its corrosion inhibition potential was tested in 1
M HCI solution at different temperatures using the weight-loss method.

The following conclusions are drawn from the results obtained for this study:

i. The Schiff base, PMAPSA was able to inhibit the corrosion of zinc in hydrochloric acid solution to a significant
extent, with a maximum inhibition efficiency of 65.1 % in 0.5 g of PMAPSA at 303 K.

ii. The adsorption equilibrium constants values suggest that PMAPSA particles are chemically adsorbed and weakly
bind to zinc surface, as the inhibiting performance increases with rising PMAPSA concentration and reduces with
increasing temperature.

iii. The adsorption isotherm data fitted well into the Langmuir isotherm which suggests chemisorption interaction
between the PMAPSA molecules and the zinc surface, since the calculated AGads values for the inhibited reactions
were between the range of —42.52 to —49.57 kJ/mol.

iv. Thermodynamic analysis showed that the adsorption was spontaneous, endothermic process.

v. In addition, the SEM images show that the PMAPSA prevents the metal surface from corrosive attack.

vi. The results of this study, shows that PMAPSA can be gainfully applied by researchers in corrosion field against
corrosion attack on metallic materials.

5.0 Recommendation
It is recommended that more research be carried out using PMAPSA as a corrosion inhibitor for zinc and other
metals in different acidic media.
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