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Corrosion inhibition of mild steel in 1M HCI by cefadroxil has been studied using electrochemical
impedance spectroscopy (EIS), potentiodynamic polarization and weight loss methods. The inhibitor
showed more than 96% inhibition efficiency at optimum concentration of 11.0x10™ mol I"". The results
obtained by these techniques were well supported by the atomic force microscopy. Thermodynamic
parameters obtained support physical adsorption mechanism and the experimental data fits well into
the Langmuir adsorption isotherm model. Potentiodynamic polarization suggests that cefadroxil act as
mixed type inhibitor. Thermodynamic parameters suggest the adsorption is spontaneous and
exothermic process. The results obtained from the three methods used are in good agreement.
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1. INTRODUCTION

Corrosion of mild steel is most common type of corrosion in acidic solution. It has practical
importance in acid pickling, chemical scale cleaning, in metallurgy, in petrochemical industry etc.
Hydrochloric acid is most common type of acid used in the various industries. This leads to the
researchers to study the effect of corrosion inhibitors on mild steel in hydrochloric acid solutions. [1-
5]. Most common type of corrosion inhibitors are organic compounds. Their inhibition property is
dependent upon their functional group, which adsorb on the metal surface. Most of the efficient
organic compounds acts as inhibitors have oxygen, sulphur, nitrogen atoms and multiple bonds
through which they adsorb on metal surface [6-8]. A large number of organic compounds have been
used as corrosion inhibitors for mild steel and most of them are highly toxic to both human beings and
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environment both. Due to the increasing environmental awareness and the negative effects of some
chemicals, research activities in recent times are geared towards developing the less toxic and
environmentally safe corrosion inhibitors [9-14]

The present article is devoted to the study of Cefadroxil as corrosion inhibitor for mild steel in
hydrochloric acid solution using electrochemical impedance spectroscopy (EIS), potentiodynamic
polarization, weight-loss and atomic force microscopy (AFM) techniques.

Cefadroxil is the commercial name for (6R, 7R)-7-{[(2R)-2-amino-2-(4-hydroxyphenyl)
acetyl]  amino}-3-methyl-8-ox0-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic  acid  having
molecular formula C16H17N30sS. Molecular mass of the Cefadroxil is 363.389 g/mol. It is a broad
spectrum antibiotic that is active against both Gram-positive and Gram -negative bacteria. It is used for
the treatment of pneumonia, acute bronchitis, urinary tract infection, skin and soft tissue infections,
septicemia and anthrax. Its chemical structure is shown in Figure 1.

HO O

O OH

NH,,

Figure 1. Structure of cefadroxil molecule

2. EXPERIMENTAL

2.1. Inhibitor

Stock solution of Cefadroxil was made in 10:1 ratio of water: ethanol mixture by volume to
ensure the solubility. All the experiments were carried out using this stock solution.

2.2. Corrosion measurements

Prior to all measurements, the mild steel specimens having composition (wt %): C 0.14, Mn
0.035, Si 0.17, S 0.025, P 0.03 and balance Fe were abraded successively with emery papers from 600
to 1200 mesh in"grade. The specimen were washed with double distilled water, degreased with
acetone and dried in hot air blower. After drying, the specimen were placed in desiccators and then
used for the various experiments. The aggressive solution of 1M HCI was prepared by the dilution of
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analytical grade hydrochloric acid (37%) with double distilled water and all the experiments were
carried out in the unstirred solutions.

The weight loss study was carried out on mild steel strips of 5.0cm x 2.0cm x 0.025cm
dimension. The electrochemical measurements were carried out on mild steel strips with the dimension
1.0cm x 1.0cm exposed with a 7.5 cm long stem (coated by the commercially available lacquer).

2.3. Electrochemical impedance spectroscopy

The EIS tests were performed at 308+1K in a three electrode assembly. A saturated calomel
electrode was used as a reference and a 1 cm? platinum foil was used as counter electrode. All the
potentials were measured versus SCE. The electrochemical impedance spectroscopy measurements
were perform using a Gamry instrument potentiostat / galvanostat with a Gamry framework system
based on ESA 400 in a frequency range 102Hz — 10° Hz under potentiodynamic conditions with
amplitude of 10 mV peak to peak, using AC signal at Ecr. Gamry applications include software
DC105 for corrosion and EIS300 for EIS measurements and Echem analyst version 5.50 software
packages for data fitting. The experiments were carried out after 30 minutes of immersion in the test
solution without deaeration and stirring.

The inhibition efficiency of the inhibitor was calculated from the charge transfer resistance
values using following equation:

(1/R9)- (1/RY

Hr, = ‘ |‘1. E‘él — X100 (1)

where Rf and R} are the charge transfer resistances in the absence and in presence of inhibitor
respectively.

2.4. Potentiodynamic polarization

The electrochemical behavior of mild steel sample in inhibited and non-inhibited solution was
studied by recording anodic and cathodic potentiodynamic polarization curves. Measurements were
performed in the 1M HCI solution containing different concentrations of the tested inhibitor by
changing the electrode potential automatically from —250 to +250mV versus corrosion potential at a
scan rate of 1mV/s~'. The linear Tafel segments of anodic and cathodic curves were extrapolated to
corrosion potential to obtain corrosion current densities (lcor).

The inhibition efficiency was evaluated from the measured lcr values using the following
relationship:

0 i

np = ‘n:-r'r'n_ H0TT v 100 (2)

7
fcorr
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where 12,..and Il,,.. are the corrosion current densities in the absence and presence of
inhibitor, respectively.

2.5. Linear polarization measurement

The linear polarization study were carried out from cathodic potential of -0.02V vs OCP to an
anodic potential of +0.02V vs OCP at a sweep rate 0.125 mVs™ to study the polarization resistance
(Rp) in 1 M HCI solution with and without different concentration of inhibitor. Polarization resistance
(Rp) was evaluated from the slope of the curve in the vicinity of the corrosion potential. The inhibition
efficiency was calculated from the polarization resistance values by the relationship as follows:

(1/R3)-(1/8)

Kz, = —IT— % 100 (3)

where R and R} are the polarization resistance in absence and presence of inhibitor,
respectively.

2.6. Weight loss measurements:

Weight loss or gravimetric measurements were performed on mild steel sample by immersing it
in the absence and presence of different concentrations of cefadroxil at 35°C for 3h duration in 1M
HCI solution. The inhibition efficiency (%) was determined using the following equation:

r;rrl.lrrlr- = rl.lrl;:r:: rl.lrr: K ll:}l:} (4)

where W, and W; are the weight loss values in absence and presence of inhibitor. The weight
loss measurements were also carried out at different time intervals, different concentrations of the acid
solution and at different temperatures.

2.7. Surface Characterization

The surface morphology of the mild steel specimen was investigated by using atomic force
microscopic technique. The atomic force microscopy was performed using NT-MDT multimode AFM
Russia, controlled by Solver scanning probe microscope controller.

3. RESULTS AND DISCUSSIONS

3.1. Electrochemical impedance spectroscopy

Electrochemical impedance spectroscopy measurements were carried out inorder to study the
Kinetics of the electrode process and the surface properties of the studied system. This method is
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widely used to investigate the corrosion inhibition process [15]. Nyquist and Bode plots of mild steel
in 1M HCI solution in absence and presence of different concentrations of cefadroxil are shown in
Figure 2a and 2b-c respectively.
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Figure 2. Electrochemical impedance plots (A) Nyquist plot (B) Bode magnitude plot (C) phase angle
plot; for the mild steel in absence and presence of different concentrations of cefadroxil
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In Nyquist plot shown in Figure 2a, a high frequency depressed charge transfer semicircle is
observed. Figure 2b suggests a onetime constant Bode plot. The high frequency semicircle is attributed
to the time constant of charge transfer and double layer capacitance [16, 17]. The charge transfer
resistance increment raises the tendency of current to pass through the capacitor of the circuit. It is
clear from the figure 2a that the impedance spectra is not a perfect semicircle and the depressed
capacitive loop corresponds to surface heterogeneity which may be the result of surface roughness,
dislocation, distribution of active sites, or adsorption of the inhibitor molecules[18 - 20]. The phase
angle at higher frequencies is attributed anticorrosion performance. The more negative the phase angle,
the more capacitive the electrochemical behavior [21]. The depression of phase angle at relaxation
frequency with the decrease in the cefadroxil concentration indicates decrease of capacitive response
with the decrease of inhibitor concentration. Such a phenomenon indicates higher corrosion activity at
low concentrations of the inhibitor [22].

Rs CPE

Figure 3. The electrochemical equivalent circuit used to fit the impedance measurements.

The measured data were analyzed using the equivalent circuit given in figure 3. This circuit
generally used to describe the iron/acid interface model [23]. This circuit gives an accurate fit to all
experimental impedance data for cefadroxil. The experimental data simulated with the equivalent
circuit to Bode plot in the presence of 11.0x10™* mol I™* inhibitor are presented in Figure 4(a-b). The
equivalent circuit consists of solution resistance (Rs), charge transfer resistance (R;) and a constant
phase angle (CPE).
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Figure 4. Experimental and simulated fit of impedance measurement (A) bode magnitude plot (B)
phase angle plot; of mild steel in 1M HCI in presence of 11.0 x10™ mol I'™.

The impedance function of CPE is as follows:

Zepe =Y Hjw)™"

(5)

where, Y is the magnitude of the CPE, w is the angular frequency and the deviation parameter n
is a valuable criterion of the nature of the metal surface and reflects microscopic fluctuations of the
surface. For n=0, Zcpg represents a resistance with R=Y: n=-1 and inductance with L=Y" and n=1 an
ideal capacitor with C=Y [24]. In iron/steel system ideal capacitor behavior is not observed due to the
roughness and /or uneven current distributions on the electrode surface resulting in the frequency
depression [25, 26]. The electrochemical parameters R, R;, Y, and n, obtained from the fitting of the
recorded data using the equivalent circuit and listed in Table 1.

Table 1. Electrochemical impedance spectroscopy parameters for mild steel in 1M HCI in absence and

presence of different concentrations of cefadroxil.

Inhibitor conc. R R¢ n Yo Cal Mg,

(10*xmol I'') | (@em?) | (Qcmd (10° @*cm?) | (UF cm?) (%)
Blank 0.975 17.2 0.881 224 104 -
2.75 0.990 124.6 0.858 68 39 86.2
5.50 1.302 159.9 0.842 60 31 89.2
8.25 1.102 347.8 0.848 51 25 95.1
11.0 0.967 368.8 0.854 48 24 95.3
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Cqi values listed in Table 1 were derived from the CPE parameters calculated by using the
following equation [27].
Car = (¥, RITT (6)

It is clear from Table 1 that R; values increased with increase in the inhibitor concentration. The
increase in R; values is attributed to the formation of the protective film of the inhibitor on
metal/solution interface. The increase in the value of ‘n’ of the inhibited samples in comparison to the
uninhibited sample is due to decrease of the surface heterogeneity. Decrease in the surface
heterogeneity is probably due to the adsorption of the inhibitors on the most active site of adsorption
[28]. The value of the double layer capacitance (Cq) decreased with increase in the cefadroxil
concentration. The double layer capacitance (Cq) is related to the thickness of the protective layer (d)
by following equation [29].

.[j‘.,:ﬂ (7)

where, ¢ is the dielectric constant of the protective layer and &, is the permittivity of the free
space. Equation (7) suggests that Cq is inversely proportional to the thickness of the protective layer
(d). So the decrease in the double layer capacitance by increasing the inhibitor concentration shows
increase in the thickness of protective layer.

It is clear from Table 1 that the cefadroxil inhibited the corrosion of mild steel in 1M HCI
solution at every concentration used in the study. The inhibition efficiency (pr: %) values are listed in
Table 1. These values suggest that the inhibition efficiency increases with increase in the inhibitor
concentration.

3.2. Potentiodynamic polarization measurements

The potentiodynamic polarization measurements were carried out to study the kinetics of the
cathodic and anodic reactions. Figure 5 shows the results of the effect of cefadroxil inhibitor on the
cathodic as well as anodic polarization curves of mild steel in 1M HCI respectively. It is evident from
the figure that both reactions were suppressed with the addition of the cefadroxil inhibitor. This
suggests that cefadroxil reduced the anodic dissolution reactions as well as retarded the hydrogen
evolution reactions on the cathodic sites.

Electrochemical corrosion kinetic parameters namely corrosion potential (Ecor), corrosion
current density (lcorr) anodic and cathodic Tafel slopes (b, and b;) obtained from the extrapolation of
the polarization curves are listed in Table 2.

It is evident from Table 2 that the value of b, changed with increase in inhibitor concentration
and indicates the influence of the inhibitor on the kinetics of the hydrogen evolution. The shift in the
anodic Tafel slope, b, is due to the chloride ion/or inhibitor molecules adsorbed on the metal surface.
The corrosion current density (lcorr) decreased by the increase in the adsorption of the inhibitor with
increasing inhibitor concentration. According to Ferreira et.al [30] and Li et. al. [31], if the
displacement in corrosion potential is more than 85 mV with respect to the corrosion potential of the
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blank solution, the inhibitor can be consider as a cathodic or anodic type. In present study, maximum
displacement was 14 mV with respect to the corrosion potential of the uninhibited sample which
indicates that the studied inhibitor is a mixed type of inhibitor. The results obtained from the Tafel
polarization showed good agreement with the results obtained from the EIS studies.
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Figure 5. Tafel polarisation curves for corrosion of mild steel in 1M HCI in the absence and presence
of different concentrations of Cefadroxil

3.3. Linear polarization resistance

Polarization resistance (Rp) values were determined from the slope of the potential current lines
[27]:

-
R, =a% 8)

where A is the surface area of the electrode, dE is change in potential and dl is change in
current. The inhibition efficiency and polarization resistance parameters are listed in Table 2. It is
evident from the Table 2 that inhibition efficiency increases with increase in the polarization resistance
and polarization resistance value increases with increase in the inhibitor concentration. The results
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obtained from Tafel polarization and EIS showed good agreement with the results obtained from the
linear polarization resistance.

Table 2. Potentiodynamic polarization parameters for the corrosion of mild steel in 1M HCI in absence
and presence of different concentration of cefadroxil.

Inhibitor Tafel Polarization Linear
Concentration Polarization
(10-4 xMol -1) -Ecorr Da b lcorr MNp F\)p NRp
(MVvs | (mV/dec) | (mV/dec) | (pAem®) | (%) | (Qcm?) | (%)
SCE)
Blank 470 65.5 107.1 1540.0 - 14.0 -
2.75 476 735 154 .4 180.0 88.3 102.1 86.3
5.50 480 69.6 143.0 104.0 93.2 153.5 90.9
8.25 483 76.2 166.1 65.6 95.7 239.3 94.2
11.0 484 735 161.8 54.6 96.5 2925 95.2

3.4. Weight loss measurement

3.4.1. Effect of inhibitor concentration

The values of weight loss, inhibition efficiency (mw. %), corrosion rate (CR) and surface
coverage (0) obtained from weight loss measurements at different concentrations of cefadroxil in 1M
HCI at 308 K are summarized in Table 3.

Table 3. Corrosion parameters for mild steel in aqueous solution of 1N HCI in absence and presence
of different concentrations of inhibitor from weight loss measurements at 308K for 3h.

Inhibitor Weight loss NwL Cr 0
concentration (mg cm™) (%) (mml/y)
(10 x mol 1Y)
Blank 12.07 - 44.85 -
1.37 4.39 63.6 16.28 0.64
2.75 2.06 83.0 7.62 0.83
5.50 0.92 92.4 3.39 0.92
8.25 0.63 94.8 2.33 0.95
11.0 0.60 95.1 2.20 0.95
13.75 0.60 95.1 2.20 0.95
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The variation of inhibition efficiency with increase in inhibitor concentrations is shown in
Figure 6a. It was observed that Cefadroxil inhibits the corrosion of mild steel in HCI solution, at all
the concentrations used in study. Maximum inhibition efficiency was exhibited at 11.0x10™ mol I*
cefadroxil inhibitor. It is evident from the Table 3 that the corrosion rate is decreased from 44.85 mm/y
to 2.20 mm/y on the addition of 11.0x10™ mol I™* cefadroxil.
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Figure 6. Variation of inhibition efficiency in 1M HCI on mild steel of surface area 20 cm? with (A)
different concentrations of inhibitor; (B) different immersion time; (C) different acid
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3.4.2. Effect of immersion time

The effect of immersion time was investigated by using optimum concentration (11.0x10™* mol
Iy of cefadroxil for 2 to 8 hrs. The effect of immersion time on the inhibition efficiency is shown in
Figure 6b. It is found that the inhibition efficiency decreases from 97.5% to 89.5% with increase in
immersion time from 2 to 8 hrs.

3.4.3. Effect of acid concentration

The variation of inhibition efficiency with increase in acid concentration from 0.5 to 2.0 M
with optimum concentration of inhibitor is shown in figure 6c. It is clear that change in acid
concentration from 0.5M to 2.0M causes decrease in inhibition efficiency from 96.4% to 92.2%. This
insignificant change in the inhibition suggests that the compound is effective corrosion inhibitor in
acid solution over this concentration range.

3.4.4. Effect of temperature

Effect of solution temperature was studied at optimum concentration (11.0x10™ mol I"") of
inhibitor using the temperature range 308 - 338K. The influence of solution temperature on inhibition
efficiency is shown in figure 6d. It is observed that inhibition efficiency decreased from 95.07% to
84.5% with increase in temperature from 308 - 338K. The decrease in inhibition efficiency with
temperature may be attributed to desorption of the inhibitor molecule from metal surface at higher
temperature [32].

3.5. Adsorption isotherm

Adsorption of inhibitor depends mainly on the charge and the nature of the metal surface,
electronic characteristics of metal surface, temperature, adsorption of solvent, ionic species and on the
electrochemical potential at solution interface. The adsorption isotherm study describes the adsorptive
behavior of organic inhibitors in order to know the adsorption mechanism.

Table 4. Calculated parameters for Langmuir adsorption isotherm for mild steel in 1 M HCI in absence
and presence of Cefadroxil at 308K.

Temperature (K) Kags (Mol ™) Slope R’ -AGags (kJ mol™)
308 1.73x10™ 0.99936 0.99962 35.27

The most frequently used adsorption isotherms are Langmuir, Temkin, Frumkin and
Freundlich isotherms. In order to obtain the adsorption isotherm, the degrees of surface coverage (0)
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were calculated for various concentrations of the inhibitor from the weight loss data. Langmuir
adsorption isotherm was tested to fit with the experimental data. Langmuir adsorption isotherm is
represented by following equation:

=2t ©)

where K_. is the adsorption equilibrium constant, 0 is the degree of surface coverage and Cin,
is molar concentration of inhibitor used in the corrosive solution. A straight line was obtained by
plotting Cinn VS Cinn / 0 for the inhibitor used in study with R? almost unity (0.99962) (Figure 7). This
suggests that, the Langmuir adsorption isotherm provides the best description of the adsorption
behavior. The degree of surface coverage (0) for different inhibitor concentrations of cefadroxil was
evaluated from weight loss data and listed in the Table 3. The slope of the isotherm graph reported in
Table 4 is less than unity and this suggests the multilayer adsorption of the inhibitor molecule.
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Figure 7. Langmuir’s adsorption isotherm plots for the adsorption of cefadroxil 1M HCI on the surface
of mild steel.

3.6. Kinetic and thermodynamic consideration

It has been reported by several authors [33, 34] that in acid solution, the logarithm of the
corrosion rate is a linear function with 1 / T (Arrhenius equation):
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where, E_ is the apparent effective activation energy, R molar gas constant and A the Arrhenius

pre exponential factor.
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A plot of log of corrosion rate obtained by weight loss measurement versus 1/T gave straight
line with regression coefficient close to unity, as shown in Figure 8a. The values of apparent activation
energy (E.) obtained from the slope (—E,/2.303R) of the lines and the pre exponential factor ()
obtained from the intercept (log A) are given in Table 5. It is clear from the Table 5 that the apparent
activation energy increased on addition of cefadroxil in comparison to the uninhibited solution. The
increase in the apparent activation energy could be interpreted as physical adsorption.

Table 5. Thermodynamic parameters for mild steel in 1 M HCI in absence and presence of Cefadroxil

Inhibitor Ea A AH AS AQags
conc. (kdmol™) (mg cm) (kdmol™) (Imol*K™) (kdmol™)
(10 x mol I
Blank 33.85 2.66x10’ 31.28 -111.27 -
11.0 66.70 4.89x10M 64.13 -29.61 -35.64

The increase in the activation energy can be attributed to an appreciable decrease in the
adsorption of the inhibitor on mild steel surface with increase in the temperature. This leads to the
increase in corrosion rate due to the greater area of metal that is exposed towards the corrosive
environment [35]. The value of A is also higher for inhibited solution than for the uninhibited solution.
It is clear from the eq. (10) that corrosion rate is usually influenced by both £, and L. Generally, lower
pre exponential factor (A) and higher activation energy (E,) leads to the lower corrosion rate. However,
the effect of E_ on mild steel corrosion is larger than that of the A. It is clear from the studies that
decrease in the corrosion rate by increase in the inhibitor concentration suggests that the E_ is the
deciding factor.

The dependence of corrosion rate on temperature can also be expressed using the transition
state equation. An alternative formula for the Arrhenius equation is the transition state equation [36]:

= A C®

o = exp (35) (- 2) =

&

where, h is Plank’s constant, N the Avogadro’s number, A5 "the apparent entropy of activation
and AH "the enthalpy of activation. A plot of log (Cg/T) versus 1/T is shown in Figure 8(b). Straight
lines were obtained with slope (- AH*/2.303R) and intercept of [log(R/Nh) + (A8"/2.303R)], from
which AH™ and AS"were calculated and listed in Table 5. It is clear from the Table 5 that the entropy of
activation increased in the presence of inhibitor in comparison to the uninhibited sample. The increase
in the activation entropy in presence of inhibitor indicates the increase in the disorderliness on going
from reactant to activated complex. It is evident from the table that the value of AH "increased in the
presence of inhibitor than in the uninhibited solution indicating the higher inhibitive efficiency. This
may be attributed to the presence of an energy barrier for the reaction, hence, the process of adsorption
of inhibitor leads to rise in enthalpy of the corrosion process.
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The heat of adsorption ( AQ_..) was obtained from the surface coverage and temperature by
using following equation:

log [1%,\] =logA+logC,,, — ( if“g‘"ffl ] (12)

A plot of leg (8/1—87) vs 1/T is given in Figure 8c. The value of heat of adsorption was
determined from the slope (—A@, ../ 2.303R) of the graph. The value of heat of adsorption is given in
Table 5. It is evident from the Table 5 that AQ_.. has negative value which indicates that inhibitor
adsorption decreases with increase in the temperature hence decrease in inhibitor efficiency [37]. The
negative value of A@_.. also suggested that the adsorption of inhibitor is an exothermic process [38].

Free energy of adsorption (AG 4s) Was calculated using the following equations [39]:

K., =—— exp [_jG"D""] (13)

5B.5 RT
This equation can also be express in the form as follows:

AG_.. = —2.303 RTlog(55.5K__.) (14)
where AG,qs is Gibbs free energy of adsorption, T is the temperature in Kelvin and Kggs is the
equilibrium constant for the adsorption process and 55.5 is the molar concentration of water in
solution. Kygs value was calculated from the intercept of the Figure 7 and presented in table 4. AGags
values calculated using eq.14 is presented in Table 4. The negative value of Gibbs free energy ensures
the spontaneity of adsorption process and stability of the adsorbed layer on the surface of mild steel.

3.7. Surface characterization

To establish whether inhibition is due to the formation of adsorbed film on the metal surface,
atomic force micrographs were taken. The AFM micrographs are shown in Figure 9(a-c). The average
roughness of the polished mild steel (Figure 9a) and mild steel in 1.0M HCI solution without inhibitor
(figure 9b) was calculated as 48 and 471 nm, respectively. The mild steel surface in the free acid
solution is getting cracked due to the acid attack on the surface (figure 9b). However, in presence of
11x 10 mol I*cefadroxil, the average roughness was reduced to 139 nm.

3.8. Mechanism of inhibition

Corrosion inhibition of mild steel in 1M HCI by cefadroxil can be explained on the basis of
molecular adsorption of inhibitor on to the metal surface. It is generally considered that the first step in
the corrosion inhibition of a metal is the adsorption of the inhibitor molecules at metal/solution
interface [40]. Organic compounds are adsorbed on the metal surface by (i) electrostatic interaction
between the charged molecules and charged metal; (ii) interaction of m-electrons with the metal; (iii)
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interaction of unshared pair of electrons in the molecule with the metal; and (iv) the combination of the
all the effects [41,42].
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C

Figure 9. Atomic force micrograph of (A) Polished mild steel surface (B) mild steel exposed in 1M
HCI (C) mild steel exposed in (1M HCI +11.0 x10™* mol I'}).

The inhibition efficiency of the inhibitors also depends on many factors such as the adsorption
centers, mode of interaction with metal surface, charge density, molecular size, and the formation of
the metallic complexes [43-45]. Physical adsorption of the inhibitor molecule requires both electrically
charged surface of the mild steel and charged inhibitor species in the corrosive solution. The inhibitor
molecule is protonated in the acid medium. Thus they become cation, existing in equilibrium with the
corresponding molecular form. It is well known that the steel surface bears positive charge in acid
solution [46]. The protonated inhibitor molecule could be attached to the mild steel surface by
electrostatic interaction between CI and protonated cefadroxil [47]. The decrease in the inhibition
efficiency obtained with rise in the temperature supports the electrostatic interaction.

4. CONCLUSION

All the measurements showed that the cefadroxil has excellent inhibition properties against the
mild steel corrosion in hydrochloric acid solution. EIS measurements also indicates that the inhibitor
performance increase due to the adsorption of molecule on the metal surface. Potentiodynamic



Int. J. Electrochem. Sci., Vol. 6, 2011 2930

polarization measurements showed that the inhibitor acts as mixed type of inhibitor. The inhibitor
showed maximum inhibition efficiency (approx 96%) at 11.0x10™ mol I™* concentration of the studied
inhibitor. The inhibition efficiencies determined by EIS, potentiodynamic polarization and weight loss
studies are in good agreement. The inhibitor follows the Langmuir adsorption isotherm in the process
of adsorption. Thermodynamic calculations show that the adsorption process is spontaneous,
exothermic and follow the physical adsorption mechanism on the metallic surface. Atomic force
microscopic studies showed that there is decrease in the surface roughness of inhibited surface in
comparison with the uninhibited surface in hydrochloric acid solution.
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