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ABSTRACT

The corrosion inhibition action of sulphadoxine and pyrimethamine, which is being sold under the trade
name “Antimal” as a single antimalarial drug was used as low cost and eco-friendly inhibitor for acid
corrosion of mild steel monitored by means of an electrochemical technique at room temperature (30°C). It
was_found that the polarization resistance of the inhibitor was directly proportional to the concentration of
the inhibitor —making the metal more resistant to corrosion at higher inhibitor concentrations. Also, the
inhibition efficiency was found to increase with rise in concentration of the inhibitor. The experimental data
were found to fit better for Temkin isotherm which illustrates multilayer chemisorption. However,
significant correlation (R* = 0.76) was found for Frumkin isotherm indicating possible amphiphilic
interactions from alkyl substituents on the inhibitor molecules.

Keywords: Electrochemical polarization technique, Corrosion inhibition, Antimal drug,

Sulfadoxine, Pyrimethamine.

1. INTRODUCTION

The durability and, in consequence, the integrity of metals have thus far been challenged by
deleterious effects of corrosion. Recent industrial events show many structural failures and
leakages as a result of interaction of metals with aqueous and non-aqueous environments. Such
failures and leakages have caused industrial and economic setbacks.

In a bid to significantly reduce the adverse effect of these environments on metals, scientists
as well as engineers have developed chemical corrosion inhibitors in metal-aggressive systems.
For instance, the uses of organic and inorganic inhibitors for metal corrosion in different media
have been reported by several authors [1-57.

According to Akpan, et al. [67], the summary of the search for efficient corrosion inhibitors

seems to reveal that much effort and expectations are focused on synthetic organic and inorganic
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substances whereas the discovery of satistactory inhibitor for specific metal surfaces still remain a
mystery.

Recently, researchers have shown that drugs, most of which have potential adsorption sites
for corrosion inhibition, may be used for metal protection in aggressive media. For example the
use of antifungal drugs [7], sulpha drugs [8], and anti-bacterial drugs [9,107] as probable
corrosion inhibitors have been reported. In continuation for the search for efficient corrosion
inhibitors, the authors in this present work provide an alternative to both synthetic substances
and natural extracts as corrosion inhibitors and present the results of the electrochemical and
synergistic studies of the corrosion inhibition of an antimalarial drug (consisting of sulphadoxine

and pyrimethamine compounds) on mild steel in acidic medium.

2. EXPERIMENTAL
2.1. Inhibitors

Antimal is an antimalarial drug consisting of two compounds, sulphadoxine and
pyrimethamine each constituting 500mg and 25mg of the drug respectively. Sulphadoxine has a
molecular formula of C;.HiuN,O.S (m.w.=310g/mol) while pyrimethamine has Ci.H2CIN,
(m.w.=248.5g/mol). The “Antimal” drug tablets used in this study were purchased locally and
were used without further modification or purification. Each tablet contained 500mg of N' (5, 6-
dimethoxy-4-pyrimethanyl) sulphanilamide (sulphadoxine) and 25mg of 2, 4-diamino-5-(p-
chlorophenyl)-6-ethylpyrimidine (pyrimethamine). Therefore, the combined molecular weight of a

tablet is 558.5g/mol and their structures are as shown in Figure 1 below:

Fig-1. Chemical structures of the inhibitors
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The molar concentration of the drug was determined based on their molar mass as well as

their mass dissolved in the corrodent medium.

2.2. Corrosive Medium
Commercially available analytical grade of HCl was prepared by dilution method and used

without further purification. The concentration of HCI used in this study was 0.1M.

2.3. Specimens
The sheets of commercially available mild steel (of 98% purity) used for this study were

identified and obtained locally. Each sheet was 0.10cm in thickness. The sheets were mechanically
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pressed cut into Scm by 8cm coupons with small hole of about 5mm diameter near the upper edge
to help hold them with glass hooks. The mild steel coupons were polished to remove unwanted
impurities using emery papers, degreased with acetone, washed in double distilled water and air-

dried before use [11, 127.

2.4. Electrochemical Measurements

A conventional three-electrode system consisting of mild steel as the working electrode,
carbon electrode as an auxiliary electrode and saturated calomel as reference electrode (SCE) was
used for the measurements. The corrosion potential of the mild steel coupons was monitored
using a variable voltage, DC power supply (AC mV metre, 2channel model GVT 427). The
potential change of the working electrode which occurred as a result of the external current was
measured by means of the reference electrode (SCE) and a voltmeter. A detail description of this
method can be found elsewhere [137.

The voltage of the variable supply was adjusted until a resistance which corresponds to the
current supplied by the DC source was obtained. Readings were recorded for corrosion process in
0.1M HCI and with several concentrations of the drug. Polarization resistance (Rp) was obtained
from the slope of the linear polarization regions of the polarization curves. According to Achary,
et al. [147] polarization resistance (Rp) can be estimated using the equation below:

Rp = A X (slope of plot of E versusI) 1
where A is the surface area of the electrode, E is the potential and I is the current.

Corrosion rate (CR) was computed using the equation below [157:

where K is the Stern-Geary constant which depends on the type of metal and experimental

conditions. This constant equals 0.026V for similar system reported by Gerengi and Sahin [167].

2.5. Adsorption Isotherm
Adsorption studies were performed by testing experimental data for Temkin [177], Langmuir
[47], Frumkin and Flory-Huggins isotherms [187] with their empirical relationships expressed in

equations 3, 4, 5 and 6 respectively.

InKC = af 3
%]
log{C x (%)} = 2.303logK +2a6 5
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log(%) =logK + xlog (1 —6) 6

where C is the inhibitor concentration, and K is the adsorptive equilibrium constant, a is the
interaction parameter, 0 is the surface coverage and x is the size parameter and is a measure of the

number of adsorbed water molecules substituted by a given inhibitor molecule [187.

3. RESULTS AND DISCUSSION
3.1. Linear Polarization Resistance

Polarization measurements are important in electrochemical studies of metals because they
permit investigation of the reaction mechanism as well as the kinetics of the corrosion process
197

In this technique, the values of change in current as a result of applied potential obtained
from electrochemical measurements are used. Useful data are obtained from the slopes
extrapolated from the initial linear region of the polarization curves of the potential versus
current plots [207].

Polarization resistance (Rp) values were calculated using equation 1. The slopes of the linear
polarization regions (LPR) of the polarization curves as shown in Figure 2 gave access to the

computation of Rp. The values of the polarization resistance are shown in Table 1.

Fig-2. Electrochemical polarization curves for the corrosion of mild steel in 0.1M HCI for

different concentration of the inhibitor.
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As observed from Table 1, the polarization resistance increases with increase in the inhibitor
concentration. Since, high Rp implies high corrosion resistance [187, it follows that the
introduction of inhibitors into the corrodent mixture significantly made the mild steel corrosion
resistant.

Also, as seen in Table 1, the estimated corrosion rate reduced with the addition of inhibitors

into the corrodent. The corrosion rate decreased with an increase in the inhibitor concentration.
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The gradual decrease in the corrosion rate is probably due to the passivity acquired by the metal

specimen as a result of covering of a thin film of the inhibitor on the metal-corrodent interface.

Table-1. Calculated electrochemical and inhibition parameters of mild steel corrosion in 0.1M

HCl in the absence and presence of the inhibitor

System/ Corrosion Parameters
Concentration (M)

Rp(Lcm?) CR(x10*mp/y) IE (%) 0
Blank (0.1M HCI) 0.248 10.48 - -
3.78%X1073 0.257 10.12 3.5 0.085
7.56X107 0.336 7.74 35.65 0.357
11.85%x107% 0.837 7.71 35.65 0.357
15.183X107® 0.360 7.22 45.73 0.457

3.2. Corrosion Inhibition Efficiency

The inhibition efficiency of the inhibitor was estimated using equation 7 [97:

%IE =

Rp—RY
p,pX100 7
Rp

where R, and R{, are the polarization resistances in the presence and absence of inhibitors,
respectively. The values of the inhibitor efficiency are shown in Table 1. It is seen that the
efficiency of the inhibitor increased with a corresponding increase in the concentration of the

inhibitors.

3.3. Adsorption Isotherm

The inhibitive action of a corrosion inhibitor is believed to be by adsorption of some active
centres on its molecular structure upon the surfaces of the metal. By this, it therefore becomes a
good practice to assess the adsorption mode of the compound by subjecting the experimental data
to several adsorption isotherm tests. The degree of surface coverage (0) (Table 1) was derived
from the inhibition efficiency (%IE) using a modified equation by Singh, et al. [217] as shown

below:

%IE
100

9 =

Careful data treatment performed for Temkin, Langmuir, Frumkin and Flory-Huggins
isotherms, would show the most fitting isotherm with maximum regression coefficients (R?). This
was done following previously reported procedures described in details by Khadom, et al.
[47],Nwabanne and Okafor [187],Maayta, et al. [227]. For Temkin isotherm test, the degree of
surface coverage (0) was plotted against the logarithm of the inhibitor concentrations (logC) with
R? equals to 0.904, the Langmuir isotherm was tested by plotting C/6 against C with R? equals to
0.4773, the Frumkin isotherm was tested by plotting log[Cx(8/6-1)] against 6 with R? equals to

0.7695, while the Flory-Huggins isotherm was tested by plotting log(6/C) against log(1-0) with
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R? equals to 0.566. In this experiment, the most significant correlations were found for Frumkin
and Temkin isotherms with R? greater than 0.76 and 0.90 respectively as shown in Figures 3a

and 8b. Other isotherm plots had lower R? below 0.60.

Fig-3a. Frumkin isotherm for adsorption of sulphadoxine and pyrimethamine drug on mild steel

in 0.1M HCl
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Fig-8b. Temkin isotherm for adsorption of sulphadoxine and pyrimethamine drug on mild steel

in 0.1M HCl
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With the maximum correlation found for Temkim isotherm plots, it may be assumed that the
predominant adsorption mode of the studied inhibitor compounds was multilayer chemisorptions
[23, 247. On the other hand, the significant correlation of the experimental data predicted for the
Frumkin isotherm, however minimal, cannot be ignored. This is because the Frumkin isotherm
illustrates a strongly attractive interaction between the metal surface and the amphiphilic
hydrocarbon tails [257] present on the structures of the two compounds that make up the drug

tablets, especially the methyl group on pyrimethamine. This illustration can further be explained
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by a proposed possible orientation of the molecules towards the metal surfaces as depicted in
Figure 4 where the inhibitor molecules attack the metal surface through different segments of the
molecular structure. Also, this observation may provide a pointer towards the understanding of

the corrosion inhibition mechanism.

3.4. Mechanism of Corrosion Inhibition

As discussed previously, the inhibition mechanism of the tested drug tablet is suspected to be
highly influenced by interaction of the two compounds with themselves, the electrolyte and the
monitored electrode. The inhibition action of organic compounds as corrosion inhibitors may be
related to the concept of molecular adsorption on the metal surface [267. The action of the
inhibitor molecules may be due to the presence of N, S, O heteroatoms as well as the aromatic
rings which contain m-electrons in their molecular structures. The collaborative action of the two
molecular compounds leads to increase in the bulkiness of the inhibitors which in turn enhances
the wider coverage on the metal surface. Furthermore, as shown in Figure 4, due to the presence
of many heteroatoms (with lone pairs of electrons) as potential adsorption centres throughout the
structure of the molecules, it is suspected that possible coordination between the inhibitor-metal
interfaces may have also occurred. This further enhances the degree of adsorption between the

inhibitor molecules and the metal surfaces.

Fig-4. Arrows depicting the orientation of the inhibitor molecules towards the mild steel (MS)
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4. CONCLUSION

Sulphadoxine and pyrimethamine significantly reduced the corrosion rate of mild steel in
0.1IM solution of hydrochloric acid solution at the concentrations studied. The polarization
resistance of the metal in the aggressive ions environment was found to have increased on the
introduction of the drug tablets. The behaviour of the inhibitor molecules indicates the action of
their molecular structure. The experimental data fits the Temkin adsorption isotherm which

indicated multilayer chemisorption. This may be due to the action and interaction of the two
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molecular species (sulphadoxine and pyrimethamine) introduced into the corrosive medium.

However, experimental data had significant correlation (R? = 0.76) with the Frumkin isotherm

and it is assumed that the hydrocarbon tails on the inhibitors had strong interactions with the

metal surface.
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