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In this investigation, the application of Ceftin drug on prevention of the corrosion of carbon steel in 3 % NaCl
solution was examined through weight loss (mass loss), gasometric and atomic absorption spectroscopy
techniques. The effectiveness of the Ceftin drug as corrosion inhibitor for carbon steel was proved by weight
losses, gasometric and atomic absorption spectroscopy results. An increase in the Ceftin drug concentration
decreases the carbon steel weight loss in the 3 % NaCl solution, which is due to the formation of invisible thick

layer on the carbon steel in the 3 % NaCl solution. An increase in the contact time decreases the corrosion
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inhibition property of expired Ceftin drug. Gasometric studies showed that, the amount of hydrogen gas
evolved decreases with rise in the concentration of 3 % NaCl solution. The results of atomic absorption
spectroscopy well support the weight loss (mass loss) and gasometric results.
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INTRODUCTION

The carbon steel (CS) is important metal because of their
wide range of applications in the several industries. CS
used in the petroleum industries, chemical batteries and
shipment vessels. During several applications, CS
contact with NaCl solution. This cause damage to the CS
metal. The corrosion of carbon steel is electrochemical
process which causes the disintegration of carbon steel in
3 % NaCl solution [1-3]. The disintegration process
weakness the carbon steel structure. Hence, prevention of
carbon steel is very much essential. The corrosion of CS
greatly effects on the nation economy. Hence, prevention
of CS corrosion in the NaCl solution is very much
essential. Many methods used to control the CS corrosion
in the NaCl solution [4-7]. Among them, the utilization
of corrosion inhibitors is commonly employed method
for the prevention of dissolution process. Most of the
corrosion inhibitors are organic compounds which
contains N, S, P and O atoms in their moieties. These
elements adsorb on the metal surface in the corrosive
solution and prevent the corrosion process by blocking
the attack of corrosive ions on the surface of the metal.
Many organic compounds are reported as corrosion
inhibitors. But, these organic compounds are expensive
and toxic in nature [8-10]. Hence, in this research
selected expired Ceftin drug. The chemical structure
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Ceftin drug is shown in Figure 1. The expired Ceftin drug
is not suitable for consumers, but it retains its biological
activity after it’s expiring that. Therefore, in current
research selected expired Ceftin drug and studied its
corrosion inhibition property on CS in 3 % NaCl solution
with the aid of gasometric, weight loss and atomic
absorption spectroscopy techniques.

MATERIAL AND METHOD

The 99 % purity of carbon steel (CS) was employed for
gasometrical, weight loss and atomic absorption
spectroscopy studies. The 3 % NaCl solution (corrosive
medium) was prepared by standard procedure. The
expired Ceftin drug was collected and concentration of
0.5 mg, 1.0 mg, 1.5 mg and 2 mg of expired Ceftin drug
was prepared for corrosion studies.
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Figure 1. The chemical structure of Ceftin drug
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The weight loss, gasometrical and atomic absorption
spectroscopy was carried out at room temperature (303
K) with immersion period of 1, 2, 3, 4, and 5 hours .

From the weight loss values of CS (observed from the
weight loss technique), the protection efficiency can be

calculated from the following equation:
Protection (corrosion inhibition)ef ficiency (%)
Wy — W,

== X 100
where, W1= Weight loss of CS in free 3 % NaCl and
W2=Weight loss of CS in protected 3 % NaCl .
In the gasometric technique, the protection efficiency of
the corrosion inhibitor can be calculated from the amount
of gas evolved values as per the following equation:

Vg — Uy

Corrosion inhibition (protection)ef ficiency =

Where, Va= Amount of gas evolved in unprotected
system and Vp= Amount of gas evolved in protected
system. From the atomic absorption spectroscopy (AAS)
results, the protection efficiency can be calculated from

the following equation:
Protection (corrosion inhibition)ef ficiency (%)
= ux 100
wy
Where, B= the amount of iron content dissolved in 3 %
NaCl solution and A= the amount of iron content

dissolved in 3 % NaCl in protected system.

RESULTS AND DISCUSSION

Weight loss and gasometric results

The obtained results from the weight loss and
gasometrical techniques are summarized in Table 1. The
protection efficiency of the expired Ceftin drug of four
different amounts namely 0.5 mg. 1 mg, 1.5 mg and 2 mg
are presented in Table 1. It is observed that, the expired
Ceftin drug inhibits the CS corrosion effectively in 3 %
NaCl solution. The corrosion inhibition property of
expired Ceftin drug is due to the formation protective
film on the CS in 3 % NaCl solution. The formed
protective layer on the CS in the 3 % NaCl solution
blocks the evolution of gas from the CS surface, which
decreases the weight loss of CS in 3 % NaCl solution.
Further, the corrosion inhibition property of expired
Ceftin drug on the CS surface in 3 % NaCl solution is due
to the following interactions:

a) The interaction existing in between the lone pairs
electron of S of the expired Ceftin drug and

positively charged CS in 3 % NaCl solution .

b) The interaction existing in between the lone pairs
electron of N of the expired Ceftin drug and

positively charged CS .

c) The interaction existing in between the lone pairs
electron of O of the expired Ceftin drug and

positively charged CS in corrosive solution .

d)The interaction existing in between the electron rich
elements and double bonds of expired Ceftin drug and
positively charged CS in corrosive solution.
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It is also observed from the gasometric and weight loss
studies that, an increase in the contact time from one hour
to five hour decreases the protection efficiency of the
expired Ceftin drug on the CS surface in 3 % NaCl
solution. This nature is due to instability of protective
film for longer immersion period. Usually formation of
protective film from the molecules of expired Ceftin drug
takes some time. The longer immersion period of CS in
the 3 % NaCl solution leads to the instability of protective
film on the metal surface. The attack of corrosive ions
from the 3 % NaCl solution continuously increases at
higher immersion period. Hence, free CS metal surface
greatly exposed to the 3 % NaCl solution. The exposed
CS surface greatly affected by dissolution process. As a
result of this, CS corrosion rate (weight loss of CS)
enhances with increase in the contact time from one hour
to five hour.

Atomic absorption spectroscopy (aas) technique

For comparison purpose, the atomic absorption
spectroscopy (AAS) technique was also carried out at
ambient temperature (303 K). The AAS technique was
used to measure the concentration of iron content in the
CS inthe 3 % NaCl solution in protected and unprotected

TABLE 1. The results of gasometric and weight loss
techniques at 303 K

Protection Protection efficiency
. Contact efficiency (%)
Concentration .
time (%)
(mg) . .
(hours) ~ Weight loss Gasometric
technique technique
0.5 1 87.000 83.333
1.0 88.500 86.111
15 90.000 87.777
2.0 91.000 90.000
0.5 2 77.096 76.000
1.0 79.677 76.800
15 81.612 79.200
2.0 83.548 83.600
0.5 3 68.157 74.848
1.0 69.736 75.757
15 73.421 78.484
2.0 74.210 81.818
05 67.391 71.111
1.0 4 69.347 73.111
15 70.217 76.000
2.0 73.913 79.777
0.5 58.490 62.264
1.0 5 60.377 65.471
15 62.641 67.924
2.0 66.415 69.622
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systems. The protection efficiency of the expired Ceftin
drug on the CS surface in 3 % NaCl solution was
calculated by knowing the values of amount of iron
content in the protected and unprotected system. The
results of AAS are shown in Table 2. The AAS results
shows that, the iron content in the 3 % NaCl solution is
high in the absence of the corrosion inhibitor when
compared to the in the presence of the corrosion inhibitor.
This observation clear shows the corrosion inhibition
property of expired Ceftin drug on the CS in 3 % NaCl
solution with concentration dependent mode. The
presence of corrosion inhibitor in 3 % NaCl solution
decreases the iron content in the corrosive solution by
forming the protective layer on the CS surface in 3%
NaCl solution. The instability of protective film was
observed at higher immersion time, as a result of this, the
protection efficiency decreases with increase in the
contact time. The results obtained from the gasometric,
weight loss and atomic absorption spectroscopy are in
good agreement. The protection efficiency obtained
from the three techniques (gasometric, weight loss and
atomic absorption spectroscopy) is shown in Figure 2.

CONCLUSIONS

The corrosion inhibition property of expired Ceftin drug
on CS in 3 % NaCl solution was scrutinized with the help
of gasometric, weight loss and atomic absorption
spectroscopy techniques. All the three techniques
(weight loss, gasometric and atomic absorption
spectroscopy) showed the corrosion inhibition property
of expired Ceftin drug on CS in 3 % NaCl solution.
Further, the studied techniques showed that, the
corrosion inhibition property of expired Ceftin drug is
mainly depends on the concentration of the corrosion
inhibitor and contact time. An increase in the
concentration of the inhibitor increases the corrosion
inhibition property of the expired Ceftin drug on CS
surface in 3 % NaCl solution. The decrease in the
protection efficiency (increase in the CS corrosion rate)
was observed with increase in the contact time from one
hour to five hours. The results obtained from the weight
loss, gasometric, and atomic absorption spectroscopy is
in good agreement.
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Figure 2. The protection efficiency obtained from the three
techniques at 303 K with immersion period of one hour.
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TABLE 2. The atomic absorption results at 303 K

Protection efficiency

Concentration Contact time

(%)
(me) (hours) Weight loss technique
0.5 1 87.222
1.0 88.888
15 89.444
2.0 92.777
05 2 77.272
1.0 78.246
15 79.545
2.0 81.168

3
0.5 68.000
1.0 68.533
15 70.400
2.0 72.533
4

05 64.222
1.0 66.666
15 68.222
2.0 71777
05 S 59.615
1.0 61.923
15 67.115
2.0 67.500

REFERENCES

1. E.M. Sherif, S.M. Park, 2006. Effects of 1, 4-
naphthoquinone on aluminum corrosion in 0.5 M
sodium chloride solutions. Electrochimica Acta,
51:1313-1321.

2. Atria Pradityana, Sulistijono, Abdullah Shahab,
Lukman Noerochim, Diah Susanti, 2016 .Inhibition
of corrosion of carbon steel in 3.5% NaCl solution
by Myrmecodia Pendans extract .International
Journal of Corrosion, Volume 2016, Article ID
6058286, 6 pages

3. A.S. Abbas, E. Fazakas, T.l. Torok, 2018. Corrosion
studies of steel rebar samples in neutral sodium
chloride solution also in the presence of a bio-based
(green) inhibitor. International Journal of corrosion
and scale inhibition, 7: 38-47 .

4. X.MH. Li, S.D. Deng, H. Fu, T.H. Li, 2009.
Adsorption and  inhibition effect of 6-
benzylaminopurine on cold rolled steel in 1.0 M
HCI. Electrochimica Acta 54:4089-4098.

5. A. Ostovari, S.M. Hoseinieh, M. Peikari, S.R.
Shadizadeh, S.J. Hashemi, 2009. Corrosion

inhibition of mild steel in 1 M HCI solution by henna
extract: a comparative study of the inhibition by
henna and its constituents (lawsone, gallic acid, a-d-



Iranian Journal of Energy and Environment 9 (4): 295-298, 2018

glucose and tannic aci  Corrosion Science 5:1935-
1949,

I. Ahamad, R. Prasad, M.A. Quraishi, 2010.
Experimental and theoretical investigations of
adsorption of fexofenadine at mild
steel/hydrochloric acid interface as corrosion

inhibitor. J Solid State Electrochem 14:2095-2105.

S. Perumal, S. Muthumanickam, A. Elangovan, R.
Karthik, R. Sayee kannan, K.K. Mothilal ,2017 .
Bauhinia tomentosa leaves extract as green
corrosion inhibitor for mild steel in 1 M HCI
medium. Journal of Bio and Tribo Corrosion 3(2):
13.

A.S. Fouda, H.E. Megahed, N. Fouad, N.M.
Elbahrawi, 2016. Corrosion inhibition of carbon

10.

steel in 1 M hydrochloric acid solution by aqueous
extract of thevetia peruviana. Jourmal of Bio and
Tribo Corrosion 2(3):16.

M. Tezeghdenti, L. Dhouibi, N. Etteyeb, 2015.
Corrosion inhibition of carbon steel in 1 M sulphuric
acid solution by extract of eucalyptus globulus
leaves cultivated in Tunisia arid zones. Journal of
Bio and Tribo Corrosion 1(3):16.

D.R. Gusti, Emriadi, A. Alif, M. Efdi, 2017.
Corrosion inhibition of ethanol extract of cassava
(Manihot esculenta) leaves on mild steel in sulfuric
acid. International Journal of Chem Tech Research
10:163-171.

Persian Abstract

DOI: 10.5829/ijee.2018.09.04.10

CRWN

Sl g, (o, Sluls) (55 (els &b INACH oo jo ¥ Jslows ;o (0,5 o¥g8 50,65 5l (6, Ky ;0 opitaw lag,lo 5l oolanl (gadow ol 4o

039 LS SY98 (sl (5993 0aiiS e plgre 4 Ceftin slag)ls (oo 31085 18 (o 3)50 (i S 5 (ool iz (g 9%y S
e ay a5 558 o NaCIZY Jglme 5 0,5 9¥s8 55 LolS casly Ceftin slag b cale [ilil ot Sl (g 9mil8 5 oadl e aomins el el
Slllae 298 (o (gitus 50 Slge (59,95 oo Jloe (IS il olad loj 238l and NACTZY Jolona 5o 008 958 50 (G35l o 42 [t
Gl 3l o9 4 ool iz (i il gl oy oo 2015 NACT Jolowa /T clale 331 L 4l JalSS (539,000 518 Jlaie o ol (Lt 2w lE

298



