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Abstract

Cefixime was investigated as a corrosion inhibitwrmild steel in an hydrochloric acid
solution. The results revealed that the order a€tien is 0.427, with activation energy
found to be 41.7 kJ/mol. Cefixime was effectiveinareasing the inhibition efficiency
for all inhibition concentrations. The corrosiortergrofile was found to be second-
order kinetics with respect to corrosion activity.
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Introduction

Corrosion of metals is a major problem for the agplon of metals in many
services. Acid solutions and, more specificallydtoghloric acid, are used for
the removal of rust and scale in industrial proesgd]. The contact between
these acid solutions and metals used in induspraicesses causes metal
dissolution and corrosion. Corrosion causes plaotdowns, waste of valuable
resources, loss or contamination of product, radocin efficiency, costly
maintenance and expensive overdesign [2]. Because and steel are the
backbone of industrial constructions, many attenfigse been made to find
methods of reducing the corrosion and wear costthege metals. One of the
most important methods in the corrosion protectdnthese metals is using
inhibitors. Corrosion inhibitor is a chemical subste that is effective when
added to a corrosive environment in very small ammuto decrease the
corrosion rate of the exposed metallic material [3gterocyclic compounds
containing both nitrogen and sulfur are of par@cuimportance, as they often
provide excellent inhibition [4-10]. Both synthetiand naturally-occurring
materials have been proposed as potential inhgbftormetal corrosion [11-13].
Several methods have been proposed to evaluatahhmtion efficiency. The
most widely used method is based on comparing dlaive rate of corrosion
under inhibition with and without inhibition. Thealculated rates of corrosion
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with and without inhibitor use are based on fixeuhiersion time. Therefore, the
reported inhibition efficiency is based on fixedlues of corrosion rates.
However, it is not guaranteed that the rate ofasion is constant with time. It is
well established that the inhibitor will progressiy be adsorbed on the surface
of the metal, thereby, simultaneously reducing tree of corrosion.
Consequently, meaningful calculations for the imtfobh efficiency must be
based on intrinsic corrosion rate parameters. Aerofimportant method to
evaluate the inhibition efficiency is based on cammy the activation energy for
inhibited and uninhibited corrosion processes. Aenius relation is used to
calculate the activation energy. However, numenagorted results regarding
the calculation of activation energy are basedhenassumption that the rate of
corrosion is zero order kinetics. No attempts hae&en made to verify the zero-
order kinetic assumption.

In this study, the intrinsic kinetics of corrosiinvestigated. The objectives of
this research are to determine the corrosion @aatrder, specific corrosion
reaction rate constant and the activation energyhi® corrosion of mild steel in
hydrochloric acid solution. In addition, the resdarinvolved studying the
inhibition efficiency of a drug inhibitor called fieme on the corrosion process
of mild steel. Finally, modeling the rate of cai@n profile and its kinetics
under different operating conditions is accomplgshe

Experimental

Cefixime as corrosion inhibitor

Cefixime trihnydrate known commercially as Cefix (lexular weight of 507.50),
from Pharma International (Amman, Jordan), was usedthe study. Fig. 1
shows the molecular structure of cefixime trihydrat
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Figure 1. The molecular structure of cefixime trinydrate.

It is a broad spectrum semi-synthetic third gemematephalosporin for oral
administration. It is active for several gram-pesit and gram-negative
organisms. It is indicated in the treatment of salveanfections such as
pharyngitis, tonsillitis and sinusitis. Cefix isldas capsules, each contain 400
mg cefixime trihydrate.
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Specimen preparation

The test specimens were rods made of dead miltateg. The dead mild steel
has a carbon content of 0.1-0.15 wt%, and it iselyidised in the production of
wires, nails, rivets, tubes and rolled sheetsHergroduction of pressings.

The test specimens were 75 mm length and 4.6 mmedea. The specimens
were first mechanically polished with 600, 800, @0@nd 1200 grade of emery
paper, in order to obtain a smooth surface, aftetsvavere degreased in acetone,
then rinsed in distilled water, and finally drieddaweighed. The weights of the
specimens before and after corrosion were detednineusing an analytical
balance (PW 124, Adam Equipment), with a lineatiy.0002 g.

Corrosion experiments

After accurately weighting, the specimens were ims®e in a beaker containing
1000 mL HCI, with and without addition of differecbncentrations of cefixime.
The concentrations of HCI used were 0.5, 0.25 ant M, while the
concentrations of the inhibitor were: 400, 200, 1&@d 50 ppm. The acid
solutions were made from analytical grade 37% H@ deionized water. All
experimental were carried out at 296 K (except arpents for the effect of
temperature). The temperature was controlled bigeantostat bath. After the
required time of immersion, a triplicate of spedammavas periodically taken out,
dried and mechanically polished with a 1200 graflerery paper, in order to
remove all corrosion products and to obtain a simaatrface. The polished
specimens were degreased in acetone, then rinsaidtited water, and finally
dried and weightedw). The rate of corrosion (g/c¢thr) is calculated based on
the difference in weights of the specimen, andgiie relation:

)
°T LA 1)

whereW, is the weight of specimen before corrosion, wheiwas the weight of

specimen after being subjected to corrosion andsiped to remove all the
corrosion productt is the time of immersion in h and is the surface area of
the metal specimen in ém

Theoretical considerations

Kinetics of the corrosion process

The use of differential and integral methods tced®ine the reaction order and
specific reaction constant for corrosion procesfiffecult, because it requires the
concentration-time profile. In addition, the compthemistry of corrosion could
render the differential methods ineffective. Irsthase, the method of initial rates
could be employed to determine the reaction ordael the specific reaction
constant. In this research, a series of experimertarried out at different initial
acid concentration,,, ),, and the initial rate of corrosio, ),is determined for

each run.
The rate law is assumed to be of the form:
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r. =kClg 2)

A plot betweenIn(r.),and In(C, ),enabled finding the reaction order and

specific reaction constants. The initial corrosiate is determined by analyzing
the corrosion rate-time data and extrapolatingeim zime. However, improper
extrapolation by adopting improper trend equation the corrosion rate-time
data will lead to under- or overestimation of thiéial corrosion rate.

It is believed that the rate of corrosion is notstant with respect to time, due to
complex reaction chemistry, reduction in reactiofythe corrosive medium and
effect of other phenomena like adsorption or cgatin metal surface.

Following the analysis of Levenspiel [14], in arahg catalytic reaction under
deactivation condition, the experimental corrosiate-time data were modeled
by defining a time dependent variab(®, called activity. The activity is defined

as:

_ ()
AWM= i=0 (3)

Based on the above activity definition, the ratelwdnge can be written as:
r.(t) = (r.)pa(t) (@)

The rate of change in activity is assumed to b& fcond order kinetics, that is:

- E = k2a2 (5)

At t= 0, a(t)equals 1, therefore the integral form of Equatios §iven as:

a(t) = 1+1k t (6)

Substituting Equation 6 in Equation 4 yields:

(1) = —ffiot (7)

The linearized form of Equation 7 is given as

1 1k,
= + t (8)
® () (r
To check the validity of the proposed model in diésog the kinetics of

corrosion, a plot between% versust must result in a straight line with a slope
r

c

k . 1
equal to—%- and an intercept equalfek.
rc)O

(r.)s
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The Arrhenius equation can be used to calculataninmsic activation energy
for the corrosion process (kJ/mol) as it follows:

m@i(&-i} ©)
k(T,) R\T, T,

where k(T,) and k(T,) are the specific corrosion rate constantsTaand T,,
respectively andr is the universal gas constant (8.314 J/mol.K).

Inhibition efficiency
It is a common practice to evaluate the promotifiece of the inhibitor by
defining the inhibition efficiencylE) based on the following equation:

r.—r.;
IE=-—°"x100 (10)
r

C

where, r, is the rate of corrosion without inhibition ang, is the rate of

corrosion with inhibition.

The rate of corrosion is changing with time; hertbe, inhibition efficiency will
change with time. The inhibition efficiency profilean be obtained by
substituting Equation 7 in Equation 10, to get:

( (r.), j_( (r.), j
g =07 o= IR ¥R, 60 (11)
r.(t) (r.)s
1+Kk,t

Results and discussion

The kinetics of the corrosion of mild steel in an HCI solution

The corrosion of mild steel in different concenttas of HCL is studied at a
temperature of 296 K. The rate of the corrosiorfilgras determined by using
Equation 1 under different initial HCI concentraisp namely: 0.5, 0.25 and 0.1
M. The rate of corrosion profiles is modeled imterof an activity function that
takes into account the corrosivity of the systemh igmdecay with time. A second
order kinetic model is proposed for the rate ofivitgt decay with time. The
profile of the rate of corrosion is plotted in adarized form based on the
proposed model (Equation 8). The results are showang. 2.
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Figure 2. Corrosion profile of mild steel in different comteations of HCI at T=296 K.

The results clearly show that the proposed modedatssfactorily fitting the
behavior of the corrosion rate profile with a higgefficient of determination R
value) for the three set of data. Thé\Rlues are found to be 0.971, 0.974 and
0.992 for the 0.50, 0.25, and 0.10 M HCI fitted exmental data, respectively.
The initial rates of corrosion, as obtained from taciprocal of intercept of trend
lines, are found to be 0.075, 0.061 and 0.038 gfchor 0.50, 0.25 and 0.10 M
initial acid concentration, respectively. Basedtlba above results, it is evident
that increasing the initial acid concentration @aged the initial metal corrosion
rate.

To obtain the order of corrosion rate and specdie constant, a linearized plot
betweenin(r,),and In(C, ), is constructed, and the results are shown inJig.

A linear fitted line is obtained with Rvalue, which equals to 0.979. The slope
value of the line used to calculate the order efctien is found to be 0.427,
while the intercept is used to calculate the specdaction rate constant, and is
found to be 0.104 g%*?7cn?.h.moP-4?", at a temperature of 296 K.
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Figure 3. Initial rate-concentration plot for the corrosiof mild steel in HCI at
T=296K.

To obtain the activation energy of the corrosiomgess, the corrosion rate

profiles at various temperatures and initial acamhaentration of 0.25 M are
experimentally determined and linearly fitted, hewen in Fig. 4.
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Figure 4. Kinetics of the corrosion of mild steel in 0.5 M Ha& different temperatures.

The profiles of the corrosion rate at all the stadiemperatures are satisfactorily
linearly fitted with high R values. The initial rates of corrosion, as obtdifrem
the reciprocal of intercept of the trend lines, &vend to be 0.061, 0.100 and
0.240 g/cm.h, at temperatures of 296, 310 and 323 K, resgaygti Obviously,
increasing the temperature resulted in an increae initial rate of corrosion.
Based on the initial rate values and the react& iorm proposed in Equation 2,
an estimate of the specific reaction constant caroliained. The calculated
values of the specific reaction rate constantsf@wad to be 0.104, 0.181, 0.433
g.L%%?7cm?.h.moP-4?", at temperatures of 296, 310 and 323 K, respéygtiV®
determine the activation energy, Arrhenius platasstructed and shown in Fig.
5.
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Figure 5. The Arrhenius plot for the corrosion of mild steeD.5 M HCI.

From the slope of the fitted line of the Arrhenpist, the activation energy of
the reaction is found to be 41.7 kJ/mol. As repbiteliterature, several values
have been determined for the value of the actimagioergy for the corrosion of
mild steel in hydrochloric solutions. Oguzie [18ported a value of 49.3 kJ/mal,
Behpour et al. [16] reported a value of 53.6 kJ/nBenabdellah et al. [17]
reported a value of 59.39 kJ/mol; Nagvi et al. [18ported a value of 36.8
kJ/mol; Abdel Hameed [19] reported a value of Z0KJ/mol; Singh [20]

reported a value of 42 kJ/mol; while Yousefi et[@ll] reported a value of
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60.94 kJ/mol. These variations in the reportedvatibn energy values could be
attributed to the assumptions of zero order kisetitthe corrosion process, as
well as to variations in the metallurgical propestof the used mild steel.

Inhibition efficiency

The drug inhibitor “cefixime” was utilized to inhitthe corrosion of mild steel in
a 0.5 M HCI solution at 296 K. Several inhibitorsgés were employed, namely:
50, 100, 200 and 400 ppm. The corrosion rate m®fire shown in Fig. 6, based
on the proposed kinetic model.

The rate of corrosion profiles for all inhibitor rm@entrations is satisfactory fitted
by the linearized form given by equation with highvalues. The initial rates of
corrosion that are obtained from the reciprocatha trend line intercepts are
found to be 0.0.073, 0.070, 0.068 and 0.063 gkcrfor 50, 100, 200, and 400
ppm inhibitor concentrations, respectively.
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Figure 6. Corrosion profile of mild steel in 0.5 M HCI at3 296 K under different
inhibitor concentrations.

As reported earlier in this paper, the initial ratecorrosion without inhibitor was
0.075 g/lcmih. The results clearly show that increasing thehibitor
concentration is decreasing the initial rate ofra@sion, which confirms the
inhibition effect and the feasibility of cefiximesa possible inhibitor for mild
steel corrosion.

Another insight can be made based on tffeoBder activity rate constankaf,
which is considered as a measure for the spee@caydin the system activity
toward corrosion. Thé& values are obtained from the slopes of the tremesli
shown in Fig. 6. Théo values were found to be 1.5, 1.57, 1.88, 1.9Zdn 50,
100, 200, and 400 ppm inhibitor concentrationspeetively, and 0.048 hfor a
blank solution. These research results clearly shioat the use of inhibitor
reduced the activity of the system towards metatosion by, at least, two
orders-of-magnitude compared to conditions withaothibition. Maximum
reduction in activity was obtained with 400 ppmibitor concentration.

The inhibition efficiency of cefixime was calculdteinder different inhibitor
concentrations by using Equation 11, and the resué plotted in Fig. 7.
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The inhibition efficiency of the inhibitor underftérent concentrations increased
by increasing the immersion time up to 6 h, andetfiter it is barely increased.
Long immersion time will ensure high loading of thdsorbed inhibitor on the

surface of metal, which results in a persistemt fihat inhibits further corrosion.

Similar trend was observed by other researchenghSand Quraishi [22] noticed

that the inhibition efficiency of Mannich bases thie corrosion of mild steel in

an HCI solution was found to increase with time topl2 h, and thereafter

remained almost constant.
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Figure 7. Corrosion inhibition efficiency of mild steel in®M HCl at T = 296 K under
different inhibitor concentrations.

Conclusions

The corrosion rate of mild steel in a hydrochlesa@ution is dependent on the
acid concentration. The activation energy for mateel corrosion in a
hydrochloric solution is found to be 41.7 kJ/moéfime trihydrate is found to
be efficient in increasing the inhibition efficigncfor all inhibition
concentrations. The corrosion rate profile follogscond-order kinetics with
respect to corrosion activity.
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