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Abstract The optimal protection efficiency of the expired Oxazepam product for
carbon steel in the 5 % NaCl solution was successfully achieved through weight
loss (mass loss), gasometric, colorimetry, atomic absorption spectroscopy (AAS)
and scanning electron microscopy (SEM) techniques. The results showed that the
inhibitory behavior of the expired Oxazepam drug enhances with a rise in the
expired product amounts (four different concentrations), but this property
(corrosion inhibition property of the expired Oxazepam drug) is inversely related
to the contact time (2, 4, 6, 8 and 10 h). Gasometric results exhibited that
disintegration process reduced in the presence of corrosion inhibitor (expired
Oxazepam drug) as compared to the bare system (unprotected solution). In this
regard, both of the atomic absorption spectroscopy and colorimetric studies
revealed that the expired Oxazepam drug possesses the indices of robust
corrosion inhibitor on the surface of aluminum in the 5 % NaCl solution. The
surface study was screened by scanning electron microscopy (SEM) technique
and, then, thoroughly discussed.
Key words Expired Oxazepam, Carbon steel, Colorimetry, Atomic absorption
spectroscopy, 5 % NaCl

Introduction:
Carbon steel (CS) belongs to steel group with carbon as the main
element. The CS is cost effective and inherently tough. Due to these
properties, CS has been greatly employed in petrochemical,
pharmaceutical, fertilizer and chemical industries. The Carbon
steel is highly exposed to the corrosion and deterioration especially
in the NaCl media [1-3]. Sodium chloride is ordinarily employed in
many domains which include cleaning, descaling and pickling due
to its availability and low cost as compared to other chemicals.
Carbon steel has been widely used in several areas such as
petroleum refineries equipment, pipelines and storage tanks
because of its low cost and manufacture. Sodium chloride is hostile
to industrial installations of carbon steel causing dissolution
problems. In stagnant solutions, the presence of sodium chloride
enhances the corrosion rate by becoming deposited on the carbon
steel surface. Carbon steel corrosion is a critical and vital issue
faced by almost all industries [4-7]. The carbon steel surface
exposed to sodium chloride constantly leads to vigorous
deterioration. Among the many methods on preventing the
corrosion of carbon steel in sodium chloride system, the
application of corrosion inhibitor has been considered as the most
effective approach owing to its low cost and practical technique.
The protection efficiency mainly depends on the nature of the
surface of carbon steel, structure of the inhibitor and environment.
Organic compounds containing N, S, P and O atoms have been
greatly reported by different researchers as efficient corrosion
inhibitors for the different metals in various corrosive
environments. The adsorption of inhibitor molecules mainly
depends on the molecular weight, steric factor, aromaticity,
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electron density functional groups, and electronic structure of the
molecules. The common corrosion inhibitors such as borates,
chromates, phosphates, silicates, and benzoates have been applied
to mitigate the corrosion process. These corrosion inhibitors are
discouraged by government legislations because of their toxic
property. In recent times, environmental corrosion inhibitors have
been employed to control the corrosion of carbon steel in order to
replace the scarce, expensive and toxic corrosion inhibitors. Plant
extracts and expired drug products have become good choices for
the corrosion researchers because of their eco-friendly, readily
available and inexpensive nature. Plant extract contains many
compounds, hence, it is necessary to find out a specific group that
plays a vital role in the inhibition of corrosion process. This is a long
procedure. Hence, corrosion researchers focused on the expired
medicinal products to achieve target high protection efficiency and
zero environmental impact. Previous results show that, metal
corrosion can be curtailed to a huge degree by employing the
expired drug compounds [8-10]. The presence of N, S, P and O
atoms in the expired drug species might be in favor of the
adsorption on the carbon steel surface which provides scope for the
study as a potential metal corrosion inhibitor. Therefore, the
present study explores the effect of the expired Oxazepam
medicine as an effective corrosion inhibitor for the carbon steel in
the 5 % NaCl solution with the aid of weight loss (mass loss),
gasometric, colorimetry, atomic absorption spectroscopy (AAS)
and scanning electron microscopy (SEM) techniques.

Experimental section:
The expired Oxazepam medicine was collected from the local
medical shop in the Shivamogga, Karnataka. The inhibitor with
concentrations of 0.1 mg/L, 0.2 mg/L, 0.3 mg/L and 0.4 mg/L was
prepared for weight loss (mass loss), gasometric, colorimetry, and
atomic absorption spectroscopy (AAS) studies. Carbon steel was
obtained from the local shop in the Mangalore, Karnataka. The
ASTM procedure was used to clean the carbon steel metal pieces.
The corrosive solution is prepared by diluting the 5 % NaCl solution
in the triple distilled water. The weight loss (gravimetric)
measurements for carbon steel in the 5 % NaCl solution in the
absence and presence of the expired Oxazepam drug was examined
at 333 K for an immersion period of 2, 4, 6, 8 and 10 hour
immersion period.
Inhibition efficiency (%) =

( W1 −W2 )
W1

×100, (gravimetric technique)

Where, W1= Carbon steel weight loss in an unprotected system and
W2= Carbon steel weight loss in a protected system.
The gasometric technique gives more accurate results as compared
to the mass loss (weight loss) technique. The carbon steel was
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submerged from the hook of glass stopper and was placed into the
100 ml of 5 % NaCl solution.

concentration shows more electron-rich elements adsorbed on the

Volume of measurement was made for a period of 2, 4, 6, 8 and 10
hours. From the liberation of hydrogen gas evolution, the
protection efficiency can be calculated as per the following
equation,

decreases the evolution of hydrogen gas on the Al surface in the 5

Protection efficiency (%) =

𝑽𝒐 −𝑽𝟏
𝑽𝒐

Al surface and leading to higher surface coverage. This adsorption
% NaCl solution. The declining protection efficiency with a rise in
the contact time indicates a shift of the adsorption-desorption
equilibrium process towards the desorption direction, since

×100

desorption increases rapidly due to higher rate of evolution

Where, Vo= Volume of hydrogen gas evolved without inhibitor and
V1 = Volume of hydrogen gas evolved with inhibitor.
Atomic absorption spectroscopy (AAS) measures the concentration
of the ions in the corrosive solution in the unprotected and
protected systems. The dissolution of Al was thoroughly measured
by dissolving aluminum content in the unprotected and protected
systems. Colorimetry experiment was carried out to determine the
Al3+ presence in the corrosive solution without and with corrosion
inhibitor. Scanning electron microscopy (SEM) technique was
carried out without and with corrosion inhibitor in order to
examine the surface morphology of SEM.

process, thus perturbing the thin layer process. Furthermore,
roughening the surface of Al metal due to the increased corrosion
rate decreases the ability of the expired Oxazepam drug species to
be adsorbed on the Al surface at higher contact times [Table 2 and
Figure 2].

Results and discussion:
Weight loss (gravimetric) technique:
The weight loss technique estimates the results for Al in the
investigated 5 % NaCl system in the bare and different amounts of
the expired Oxazepam drug as demonstrated in the Table 1 and
Figure 1. The acquired results exhibited that ; the introduction of
the expired Oxazepam drug of different amounts blocks the surface
of aluminum against the dissolution process. Protection efficiency
can be enhanced with a rise in the concentration of the inhibitor by
linear relationship. The highest protection was achieved with 0.4
mg/L of the expired Oxazepam drug as shown in the Table 1. The
robust corrosion inhibition property of the expired Oxazepam drug
is due to the O and N atoms in the expired Oxazepam drug.
Furthermore, the aromatic groups in the expired Oxazepam drug
enhance the electron density, at the Al active sites, which
accelerates more interaction of the expired Oxazepam drug with
the Al surface. This shows that the expired Oxazepam drug species
were adsorbed on the surface of Al in 5 % NaCl solution and,
accordingly, generated the protective invisible film on the Al
surface. Greater surface coverage will be commensurate with the
metal that disintegrates slowly. Comparable protection efficiency
of the expired Oxazepam drug in the Al surface in the 3 M NaCl
solution at 333 K with the immersion period of 2, 4, 6, 8 and 10
hours is evident. The results show that, the corrosion protection
efficiency decreased with a rise in the contact time, which is due to
the desorption of the expired Oxazepam inhibitor molecules on the
Al surface in the 5 % NaCl solution. Higher temperature has a
negative effect on the protection efficiency, an enhance in the
contact time enhances the dynamic energy which slows down the
protection layer on the Al surface in the 5 % NaCl solution. Hence,
higher immersion time speeds up the dissolution process.

Figure 1 Protection efficiency versus concentration.

Table 1 Weight loss results.
Concentration (mg/L)

Contact time

Protection (corrosion inhibition)
efficiency

Bare

(h)
2

Gasometric studies:
Quantitative characterization of protection effect of the expired

0.1

70.332

0.2

72.669

0.3

76.260

0.4
Bare

92.018
4

0.1

68.507

0.2

70.003

0.3

74.068

0.4
Bare

90.913
6

0.1

64.084

0.2

69.801

0.3

72.817

0.4

88.066

Oxazepam drug on the corrosion of Al in the 5 % NaCl solution was

Bare

carried out by gasometric studies. The protection efficiency was

0.1

60.715

enhanced steadily with a rise in the amount of the expired

0.2

58.356

0.3

70.570

Oxazepam drug and decreased with a rise in the contact time. The

0.4

85.116

rise in the protection efficiency with the expired Oxazepam drug

Bare
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58.717

drug, the aluminum content of the solution after the two hours of

0.2

56.356

immersion time was reduced which indicates the lower Al

0.3

68.574

dissolution rate and enhances the protection rate. This result

0.4

80.113

0.1

10

shows that the adsorption of the expired Oxazepam drug on the Al
surface in 5 % NaCl solution thereby prevents the Al from the
dissolution process. The protection efficiency obtained from the

Table 2 Gasometric loss results.
Concentration (mg/L)

Contact time

Protection (corrosion inhibition)
efficiency

Bare

(h)
2

colorimetry accords with the results of the mass loss (weight loss)
technique.

0.1

72.330

0.2

75.661

0.3

77.263

Concentration (mg/L)

0.4

93.001

0.1

73.333

0.2

76.764

Bare

Table 3 Colorimetry results with immersion period of two hours.

4

Protection efficiency in percentage

0.1

67.547

0.3

78.104

0.2

71.007

0.4

94.057

0.3

75.064

0.4
Bare

91.915

Atomic absorption spectroscopy technique:

6

0.1

65.087

0.2

69.805

0.3

73.815

0.4
Bare

89.061
8

0.1

60.713

0.2

59.350

0.3

71.576

0.4
Bare

The atomic absorption spectroscopy (AAS) measures the ions
concentration in the solution. The disintegration of aluminum was
evaluated by measuring the dissolved aluminum content in the
corrode solution without and with the expired Oxazepam drug of
four different amounts. The results are shown in the Table 4. The
protection efficiency obtained from the AAS was in good agreement
with the results of the conventional methods.

86.113

Table 4 AAS results with immersion period of two hours.

10

0.1

59.710

Concentration (mg/L)

0.2

57.350

Protection efficiency in percentage

0.1

74.107

0.3

67.570

0.2

77.600

0.4

80.114

0.3

79.206

0.4

92.115

Scanning electron microscopy (SEM) technique:
The morphological studies of Al in 5 % NaCl solution were
investigated by scanning electron microscopy (SEM) technique.
Figure 3 (a, b) shows the photography of Al with and without
adding the expired Oxazepam drug after the weight loss (mass loss)
experiment in the 5 % NaCl solution. In the absence of the expired
Oxazepam drug, the SEM topography revealed a damaged Al
surface, but in the presence of 0.4 mg/L of the expired Oxazepam
drug, a minimized and damaged Al surface was observed. It is a
clear indication of the protective layer on the surface of Al in 5 %
NaCl solution. Hence, the Al dissolution rate was reduced in the
Figure 2 Protection efficiency versus concentration.

presence of 0.4 mg/L of the expired Oxazepam drug and also

Colorimetry:

decreased the corrosion reaction.

The colorimetry was employed to determine the amount of Al 3+ in

adsorbed on the Al surface at higher contact times [Table 2 and

the protected and unprotected systems in the 5 % NaCl solution.

Figure 2].

The amount of Al3+ in the 5 % NaCl solution can be examined at an
immersion period of 2 hours. The colorimetry results are shown in

Comparison:

the Table 3. Table 3 shows that, with a rise in the expired Oxazepam
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The protection efficiency of the expired Oxazepam on the Al in 5 %

Conclusion:

NaCl system is compared to the other expired drug products. The

The expired Oxazepam drug acts as an excellent corrosion inhibitor

protection efficiency of different drug products is shown in Table 5.

for Al in 5 % NaCl solution. The corrosion inhibition property was

Different expired products exhibited metal corrosion inhibition

confirmed from weight loss, gasometric, colorimetry, atomic

property due to the presence of electron-rich elements in their

absorption spectroscopy and scanning electron microscopy (SEM)

moieties. The corrosion inhibition property of the expired

techniques. The corrosion protection efficiency (in percentage)

Oxazepam drug is different from the other expired products. In this

enhanced with a rise in the concentration of the expired Oxazepam

sense, different experimental systems, structures, and techniques

drug and was decreased with a rise in the immersion period. The

are the main reasons for the observed deviation in the protection

corrosion inhibition efficiency of the expired Oxazepam drug is due

efficiency values.

to the adsorption phenomena revealed by the scanning electron
microscopy (SEM) technique.
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