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Abstract 
 

The corrosion inhibition of carbon steel in H2SO4 in the 
presence of cefixime was studied using weight loss, 
potentiodynamic polarization, electrochemical frequency 
modulation (EFM) and electrochemical impedance 
spectroscopy (EIS) techniques. The study revealed that the 
corrosion rate increases with temperature. Addition of 
cefixime to the corrodent solution lowered the corrosion rate 
of carbon steel. Inhibition efficiency (%IE) of cefixime was 
found to increase with concentration and decreased with 
temperature. Adsorption of cefixime molecule on carbon 
steel surface was found to obey the Langmuir adsorption 
isotherm. The phenomenon of physical adsorption is 
proposed from the obtained thermodynamic parameters. 
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Introduction 
 

A number of heterocyclic compounds containing N, O and S either in the aromatic or long chain carbon system have 

been reported to be effective inhibitors [1-4]. These inhibitors have extended -electron systems and functional 
groups (such as -C=C-, -OR, -OH, -NR2, -NH2 and –SR). The functional groups provide electrons that facilitate the 
adsorption of the inhibitor on the metal surface [5-10]. Some drugs (such as ampicillin, ampiclox, cloxacillin, 
tetracycline, methocarbamol, orphenadrine, penicillin G, azithromycin, etc) have been found to be good inhibitors for 
the corrosion of metals. Many authors generally agree that drugs are inhibitors that can compete favorably with green 
corrosion inhibitors and that most drugs can be synthesized from natural products. The choice of some drugs used as 
corrosion inhibitors is based on the following: (a) drug molecules contain oxygen, nitrogen and sulphur as active 
centers, (b) drugs are reportedly environmentally friendly and important in biological reactions and (c) drugs can be 
easily produced and purified [11-15].  
 

Dithiobiurets exhibited the best performance towards the corrosion of carbon steel in H2SO4 solutions and showed 
much less toxicity [16–19]. The inhibition action of these drugs was attributed to blocking the surface via formation 
of insoluble complexes on the metal surface. Cefixime is effective in a large variety of bacterial infections, such as 
respiratory tract, ear, skin, gonorrhea, otitis media, and urinary tract infections. A detailed literature review shows no 
data are available regarding the behavior of cefixime as inhibitor for protection of carbon steel against corrosion.  
In the present study, the inhibitive properties of this compound are reported for the first time, using chemical and 
electrochemical techniques. The inhibition mechanism has been discussed on the basis of these studies. 
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Experimental procedure 
 

Weight loss method 
 
Materials used for the study were carbon steel sheet of composition (weight %) Mn (0.03), P (0.033), C (0.2), Si 
(0.14) and Fe balance. The sheet was mechanically pressed cut to form different coupons, each of dimension, 2 x 2 x 
0.1 cm. Each coupon was degreased by washing with ethanol, rinsed in acetone, allowed to dry and preserved in a 
desiccator. All reagents used for the study were Analar grade and double distilled water was used for their 
preparation. Concentration of H2SO4 used for the study was 1 N while those of cefixime (the inhibitor used) were 
200-600 ppm. 
All the experiments were performed at room temperature for an immersion time of 3 hrs. The inhibition efficiency (% 
IE) and degree of surface coverage (θ) were calculated from the equation (1) [21] where, WO and W are the weight 
losses without and with inhibitor, respectively 
 

% IE =θ x 100 = [(WO – W)/ WO] x 100                 (1) 
 

 
 

Scheme 1 Molecular structure of cefixime; the molecular formula of Cefixime is C16H15N5O7S2  
and its molecular weight is 453.4 

 
The electrochemical studies were made using a three electrode cell assembly at room temperature [22, 23]. The 

working electrode was a carbon steel of the above composition of 1 cm2 area and the rest being covered by using 
commercially available lacquer. A rectangular platinum foil of 1 cm2 was used as counter electrode and saturated 
calomel electrode (SCE) as reference electrode. The working electrode was abraded with different grades of emery 
papers (up to1200 grit size), washed with double distilled water and degreased with acetone. The polarization study 
was carried out from -1.0 to 0.0 V versus SCE with scan rate of 1 mV/s. The inhibition efficiency has been calculated 
using the relationship: 

% IE =  x 100 = [(icorr – icorr(inh)) / icorr] x 100                         (2) 
 
Where, icorr(blank) and icorr(inh) are the uninhibited and inhibited corrosion current density values, respectively, determined 
by extrapolation of  Tafel lines. 
 

The electrochemical impedance spectroscopy (EIS), spectra were recorded at open circuit potential (OCP) after 
immersion the electrode for 30 min in the test solution. The signal was 5 mV peak to peak and the frequency range 
studied was between 100 kHz and 0.2 Hz. The inhibition efficiency (% IE) and the surface coverage (θ) of the 
inhibitor obtained from the impedance measurements were calculated by applying the following relations: 
 

% IE = Ɵ x 100 = [1- (Rºct / Rct)] x 100                               (3) 
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Where, Ro
ct and Rct are the charge transfer resistance in the absence and presence of inhibitor, respectively. 

For the electrochemical frequency modulation technique (EFM), a potential perturbation by two sine waves of 
different frequencies is applied to the system. As a corrosion process is nonlinear in nature, responses are generated at 
more frequencies than the frequencies of the applied signal. The current responses can be measured at zero, harmonic, 
and intermodulation frequencies. Analysis of these current responses can result in the corrosion current density and 
Tafel parameters. The inhibition efficiency (%IE) and the surface coverage (θ) of the inhibitor obtained from eq. (2) 
All Electrochemical experiments were carried out using Potentiostat/Galvanostat/ Zra analyzer (Gamry PCI 300/4). A 
personal computer with EIS300 software for EIS, DC105 software for polarization and EFM140 software for EFM 
measurements and Echem Analyst 5.21 was used for data fitting and calculating. 
 

Results and discussion 
 

Weight loss measurements  
 
Figure 1 represents the weight loss-time curves in the absence and presence of different concentrations of cefixime. 
Table 1 collects the values of surface coverage, inhibition efficiency and corrosion rate obtained from weight loss 
measurements in 1 N H2SO4 at 25°C. The results of this Table show that the presence of cefixime reduces the 
corrosion rate of C- steel in H2SO4 and hence, increase the inhibition efficiency.  
 

 
Time, min 

 
Figure 1 Weight loss-time curves for C-steel dissolution in 1N H2SO4 in the absence and  

presence of different concentrations of cefixime at 25oC 
 
Table 1 Inhibition efficiency (% IE) and corrosion rate (CR) at different concentrations of cefixime for carbon steel in 

1 N H2SO4 as determined by weight loss method after 90 min immersion at 25ºC 
 
 

 

 

 
 

 

 

 

 

CR x 10-3 

(mg cm-2min-1) 

Inhibition efficiency 

(%IE) 
[Inhibitor] 

ppm 

22 62.30 100 

20 65.40 200 

18 69.50 300 

16 72.90 400 

15 74.40 500 

13 77.70 600 
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Role of KI in corrosion-inhibition of C- steel in H2SO4 solutions and its synergistic effect 
        
The effect of addition of KI on the corrosion of C- steel in 1 N H2SO4 solution in the absence and presence of 
different concentrations of cefixime was studied by weight loss method. Figure 2 shows the weight loss-time curves 
for C- steel in 1 N H2SO4 solution in the absence and presence of different concentrations of cefixime in addition to 
the presence of 0.01M of KI. The values of inhibition efficiency (%IE) corrosion rate (CR) and SӨ (synergism 
parameter) were shown in the Table 2. 
  

 
Time, min. 

Figure 2 Weight loss-time curves for C-steel dissolution in 1 N H2SO4and 0.01M KI in absence 
and presence of different concentrations of cefixime at 25oC 

 
Table 2 Inhibition efficiency (% IE) ,corrosion rate(CR)and synergistic parameter (SƟ) at different concentrations of 
cefixime for carbon steel in 1 N H2SO4 and in presence of 0.01M KI as determined by weight loss method after 90 

min immersion  at 25ºC 
 

SƟ 

CR x 10-3 
(mg cm-2min-1) 

 

Inhibition efficiency 
(% IE) 

[Inhibitor], 
ppm 

1.070 18 68.6 100 
1.074 16 72.8 200 
1.076 14 76.8 300 
1.077 12 79.5 400 
1.022 9 85.4 500 
1.354 6 90.4 600 

 
The synergism parameter (Sθ) were calculated using the relationship given by Aranmki and Hackerman [24]. 
 

SӨ= (1 - θ1+2) / (1 - θ'1+2)                                    (4) 
 
Where, θ1+2 = (θ1 + θ2) – (θ1 θ2), θ1= surface coverage by anion, θ2= surface coverage by cation, θ'1+2= measured 
surface coverage by anion and cation. This equation actually compares the corrosion rate of either anion or cation and 
of the inhibitor mixture (anion + cation). If anions and cations have no effect on each other and adsorbed at metal 
surface independently, the SӨ value should be equal 1. Furthermore, synergistic effects are observed if SӨ > 1 and 
activation of corrosion is observed if SӨ< 1. It can be seen from Table (2) that the addition of KI inhibits the corrosion 
of carbon steel to a large extent. This can be interpreted according to Schmitt and Bedbur [25], which proposed two 
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types of joint adsorption namely competitive and cooperative. In competitive adsorption the anions and cations are 
adsorbed at different sites on the electrodes surface, and in cooperative adsorption, the anions are chemisorbed on the 
surface and the cations are adsorbed on a layer of the anions, a part from the adsorption on the surface directly. These 
two types are illustrated in Figure 3 [26]. 

 

 
 
 

 
 

Figure 3 Types of joint adsorption (competitive and cooperative) 
 

Potentiodynamic polarization measurements  
 

 
E, mV vs. SCE 

 
Figure 4 Potentiodynamic polarization curves for the dissolution of carbon steel in 1 N H2SO4 in the absence  

and presence of different concentrations of compound cefixime at 25ºC 
 

Figure 4 shows the potentiodynamic polarization curves for C- steel without and with different concentrations of 
cefixime at 25ºC. The obtained electrochemical parameters; cathodic (βc) and anodic (βa) Tafel slopes, corrosion 
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potential (Ecorr), corrosion current density (icorr), and polarization resistance (Rp) were obtained and are listed in Table 

3. Table 3 shows that icorr decreases by adding cefixime and by increasing its concentration. In addition, Ecorr does not 

change obviously. Also, a and c do not change markedly, which indicates that the mechanism of the corrosion 
reaction of C-steel does not change. Figure (4) clearly shows that both anodic and cathodic reactions are inhibited, 
which indicates that investigated cefixime acts as mixed-type inhibitor [27-28]. The inhibition achieved by this 
compound. 

 
Table 3 The effect of concentrations of investigated compound on the free corrosion potential (Ecorr), corrosion 

current density (icorr), Tafel slopes (βc, βa), corrosion rate (CR), inhibition efficiency (% IE) and degree of surface 
coverage (θ) of carbon steel in 1 N H2SO4 at 25ºC 

 

% IE θ 
CR 

mmy-1 
Rp x 10-2 

Ω cm2 
βa 

mV dec-1 
βc 

mV dec-1 
icorr. 

μA cm-2 

-Ecorr 

mV vs 
SCE 

[Inh.] 
ppm 

 
Comp. 

---- ---- 10.402 47.99 180 221 896.1 487 0.0 blank 
71.1 0.711 3.002 137.8 145 189 258.6 460 100 

cefixime 

77.1 0.771 2.385 169.0 141 185 205.5 455 200 
79.2 0.792 2.162 183.9 139 183 186.3 455 300 
81.9 0.819 1.885 211.7 140 182 162.4 458 400 
83.1 0.831 1.753 223.0 137 179 151.1 458 500 
86.8 0.868 1.373 279.8 134 177 118.2 460 600 

 

Adsorption isotherms 
  
One of the most convenient ways of expressing adsorption quantitatively is by deriving the adsorption isotherm that 
characterizes the metal/inhibitor/ environment system [29]. The surface coverage (θ) values were tested graphically to 

allow fitting of a suitable adsorption isotherm. The plot of / (1- ) versus C yielded a straight line at 25ºC (Fig. 5), 
this proving that the adsorption of cefixime on C-steel surface obeys Langmuir adsorption isotherm according to the 
following equation: 

/ (1-) = KadsC                                                (5) 
Where, Kads is equilibrium constant of adsorption process and Cis the cefixime concentration. 

 

 
C, M 

 
Figure 5 Langmuir adsorption isotherm plotted as Ɵ/1-Ɵ vs C curves for C-steel in 1 N H2SO4  

solutions at 25oC from potentiodynamic data 
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Kads is related to the standard free energy of adsorption ΔG˚ads by equation (6) [30]: 
 

Kads = 1/ 55.5 exp (-ΔGº
ads / RT)                                               (6) 

 
The value of 55.5 is the concentration of water in solution expressed in mole per liter. The calculated ΔG˚ ads values 
were also given in Table (4).Inspection of the data of this Table shows that large value of ΔGº

ads and its negative sign, 
indicate that the adsorption of cefixime on C-steel surface is proceeding spontaneously and accompanied by highly –
efficient adsorption. 
 
The enthalpy of adsorption (∆Hº

 ads) can also be calculated from the Gibbs–Helmholtz equation [31]: 
 

(ΔGº
ads / T) = (∆Hº

ads/T) +constant                                                 (7) 
 
The variation of (ΔGº

ads / T) with 1/T gives a straight line with a slope which is equal to ∆H º
 ads (Fig. 6). It can be seen 

from the figure that   (ΔGº
ads / T) decreases with 1/T in a linear fashion. The enthalpy and entropy for the adsorption 

of cefixime on carbon steel were also deduced from the thermodynamic basic equation [32]: 
 

ΔGº
ads =∆Hº

 ads -T∆Sºads                                                                  (8) 
 
Where, ∆Sºads is the entropy changes of adsorption process. A plot of ΔGº

ads versus T was linear (Fig. 6) with slope 
equals to ∆Sºads and intercept equals ∆Hº

ads. The enthalpy of adsorption ∆Hº
ads and the entropy of adsorption ∆Sºads 

obtained are negative. The negative sign of ∆Hº
ads indicates that the adsorption of cefixime is an exothermic process. 

In an exothermic process, physisorption is distinguished from chemisorption by considering the absolute value of ∆Hº
 

ads. For physisorption process, the enthalpy of adsorption is lower than 40 kJ mol-1 while that for chemisorption 
approaches100 kJ mol-1[33]. In the present study, the absolute value of enthalpy of adsorption obtained is typical of 
physisorption. Values of ∆Hº

 ads obtained by the two methods are in good agreement. The entropy of adsorption was 
negative because inhibitor molecule freely moving in the bulk solution (inhibitor molecule were chaotic), were 
adsorbed in an orderly fashion onto the carbon steel, resulting in a decrease in entropy [30]. Moreover, from 
thermodynamic principles, since the adsorption was an exothermic process, it must be accompanied by a decrease in 
entropy  
 

 
 

1/T, K-1 
 

Figure 6 ∆Gº/T versus 1/T curves for cefixime 
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Table 4 Equilibrium constant of adsorption reaction (Kads), free energy of adsorption(ΔGº
ads ), enthalpy of 

adsorption(∆Hº
ads) and entropy of adsorption(∆Sºads)of cefixime on C-steel surface in 1 N H2SO4 at different 

temperatures 
 

-∆Sºads 

J mol-1K-1 
-∆Hº

ads 
kJ mol-1 

-ΔGº
ads 

kJ mol-1 

K M-1 Temperature 

30.6 

39.2 
 

30.0 3297.42 
25 

32.9 29.1 1519.69 
35 

34.1 28.3 810.42 
45 

30.0 29.4 856.80 
55 

 

Effect of temperature  
 
To investigate the mechanism of inhibition and to determine the activation energy of corrosion process from 
potentiodynamic polarization of C- steel in 1 N H2SO4 were studied at various temperatures (25–55Cº) in the absence 
and presence of different concentrations of cefixime. This inhibitor was found to retard the corrosion process at lower 
temperatures [35] whereas the inhibition are considerably decreased at elevated temperatures. The increasing of the 
corrosion rate with increasing the temperature is suggestive of physical adsorption of the investigated inhibitor on C-
steel surface. 
 

The obtained electrochemical parameters; cathodic (βc) and anodic (βa) Tafel slopes, corrosion potential (Ecorr), 
corrosion current density (icorr), and polarization resistance (Rp) were obtained and are listed in Table (5).Table (5) 
shows that icorr increases by by increasing temperature. Figure (7) represents  the Arrhenius plots of natural logarithm 
of corrosion rate (k) versus 1/T, for C- steel in 1 N H2SO4  solutions, in absent and presence  of  different 
concentration of  cefixime. The values of slopes of these straight lines permit the calculation of the activation energy 
according to: 

k = A exp (- Ea
*/ RT)                                                        (9) 

 
where, k is the corrosion rate, A is the pre-exponential  factor and Ea

* is the apparent activation energy. The values of   
Ea

* are given in Table (6). The results of  Table (8) revealed that, the values of  Ea
* were increased by increasing the 

concentration of the investigated cefixime indicating the dissolution of C-steel under these conditions is activation 
controlled and also, indicates the energy barrier of the corrosion reaction increases in the presence of these additives.  
Similar results were obtained by other authors [36-38]. The higher values of Ea

* are good evidence for the strong 
adsorption of cefixime on C-steel surface. 
 
An alternative formulation of Arrhenius equation is the transition state equation [39]:  
 

k = RT/ Nh + S*/ 2.303R + (-H*/ 2.303RT                               (10) 
 

By blotting log k/T against 1/ T we obtain the enthalpy change (H*) and entropy change (S*) from the slopes and 
intercepts, respectively. 
 

The values of (ΔH*) are positive and higher in the presence of the cefixime than in its absence. This implies that 
energy barrier of the corrosion reaction in the presence of the investigated cefixime increases and indicates the 
endothermic behavior of the corrosion process. On the other hand ΔS* values are lower and have negative values in 
presence of the additives, this means that addition of cefixime cause a decrease in the disordering in going from 
reactants to the activated complexes [40, 41].  
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Table 5 The effect of concentrations of investigated cefixime on the free corrosion potential (Ecorr), corrosion current 
density (icorr), Tafel slopes (βc, βa), corrosion rate (CR), inhibition efficiency (% IE) and degree of surface coverage 

(θ) of carbon steel alloy in 1N H2SO4 at 25ºC 
 

% IE θ CR 
mmy-1 

Rpx 10-2 
Ω cm2 

βa 

mV dec-1 
βc 

mV dec-1 
icorr. 

μA cm-2 
-Ecorr 

mV 
[Inh] 
ppm 

Comp 

------ ------ 29.52 21.52 227 284 2543 489 0.0 blank 
21.7 0.217 23.11 24.63 198 262 1991 478 100 

cefixime 

25.7 0.257 21.93 24.99 196 244 1889 489 200 
33.4 0.334 19.67 29.47 211 253 1694 474 300 
38.0 0.380 18.30 29.41 193 239 1577 483 400 
47.4 0.474 15.53 35.25 196 244 1338 488 500 
54.0 0.540 13.59 38.16 183 236 1171 483 600 

 

 
(1000/T), K-1 

 
Figure 7 Arrhenius plots log icorr vs 1/ T for corrosion of carbon steel in1 N H2SO4 in the absence and 

 presence of cefixime 
 

 
(1000/T), K-1 

Figure 8 Transition state plots of log icorr / T vs 1/ T for corrosion of carbon steel in1 N H2SO4 in the absence and  
presence of investigated cefixime 
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Table 6 Thermodynamic activation parameters for the dissolution of carbon steel in 1 N H2SO4 in the absence and 
presence of different concentrations of cefixime 

 

∆S* 
J mol-1 K-1 

∆H* 
kJ mol-1 

E*
a 

kJ mol-1 
Conc. 

M 
inhibitor 

106.6 35.4 38.0 0.0 blank 
14.4 74.9 77.5 0.00022 cefixime 
29.9 80.0 82.6 0.00044 
25.9 69.7 81.6 0.00066 
23.5 78.5 81.1 0.00088 
24.9 79.3 81.9 0.00110 
14.9 76.7 79.3 0.00132 

 

Electrochemical impedance spectroscopy (EIS) measurements  
 
The corrosion of C-steel in 1 NH2SO4 in the presence and absence of the investigated cefixime was investigated by 
EIS method at 25ºC after30 min immersion. Nyquist plots in the absence and presence of investigated cefixime are 
presented in Figure (7), also Bode plots are presented in Figure (8).It is apparent that Nyquist plots show a single 
capacitive loop, both in uninhibited and inhibited solutions. The impedance data of  C- steel in 1 N H2SO4 are 
analyzed in terms of an equivalent circuit model (Fig. 9) which includes the solution resistance Rs and the double 
layer capacitance, Cdl, which is placed in parallel to the charge transfer resistance Rct[42] due to the charge transfer 
reaction.  For the Nyquist plots it is obvious that low frequency data are on the right side of the plot and higher 
frequency data are on the left. This is true for EIS data where impedance usually falls as frequency rises (this is not 
true for all circuits). The capacity of double layer (Cdl) can be calculated from the following equation:  
 

Cdl = 1/2πfmax Rct                                                  (11) 
 
Where, fmax is the maximum frequency. The parameters obtained from impedance measurements are given in Table 
(7). It can see from Table (7) that the values of charge transfer resistance Rct increase with cefixime concentration 
[43]. In the case of impedance studies, % IE increases with cefixime concentration. It is also noted that the Cdl values 
tend to decrease when the concentration of cefixime increases. This decrease in Cdl, which can result from a decrease 
in local dielectric constant and/or an increase in the thickness of the electrical double layer, suggests that this  cefixime 
molecules function by adsorption at the metal/solution interface [44] 

 
Zreal, Ohm cm-2 

 
Figure 9 Nyquist plots for carbon steel in 1 N H2SO4 solutions in the absence and presence of different  

concentrations of cefixime at 25ºC 
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Log f, Hz 

 
Figure 10 The Bode plot for carbon steel in 1 N H2SO4 solution in the absence and presence of different  

concentrations of cefixime at 25ºC 
 

 
 

Figure 11 Equivalent circuit model used to fit the impedance spectra 

 
Table 7 Electrochemical kinetic parameters obtained by EIS technique for the corrosion of carbon steel in 1 N 

H2SO4at different concentrations of cefixime at 25º C 
 

% IE θ Rct, 
Ω cm2 

Cdl, 
μFcm-2 

Conc., 
ppm 

Comp. 

0.0 0.0 107.4 62.57 0.00 blank 

12.3 0.123 122.5 53.7 100 Cefixime 
45.2 0.452 196 41.7 200 
59.8 0.598 267.4 39.42 300 
63.1 0.631 290.7 39.75 400 
67.7 0.677 332.9 37.24 500 

 

Electrochemical frequency modulation (EFM) measurements 
 
In corrosion research, it is known that the corrosion process is non-linear in nature, a potential distortion by one or 
more sine waves will generate responses at more frequencies than the frequencies of applied signal. Virtually no 
attention has been given to the intermodulation or electrochemical frequency modulation. However, EFM showed that 
this non-linear response contains enough information about the corroding system so that the corrosion current can be 
calculated directly. Electrochemical frequency modulation (EFM) is non-destructive corrosion measurement 
technique that can directly give values of corrosion current without prior knowledge of Tafel constants. In this 
technique current responses due to a potential perturbation by one or more sine waves are measured at more 
frequencies than the frequency of the applied signal, for example at zero harmonic and intermodulation frequencies 
[45].The great strength of the EFM is the causality factors which serve as an internal check on the validity of the EFM 
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measurement [181]. The results of EFM experiments are a spectrum of current response as a function of frequency. The 
spectra contain current responses assigned for harmonical and intermodulation current peaks. The results of EFM 
experiments are a spectrum of current response as a function of frequency. The spectrum is called the intermodulation 
spectrum and examples for the absence and presence of 500 ppm cefixime to 1 N H2SO4 acid solution for C-steel are 
shown in Figs. (12 and 13) respectively. The larger peaks were used to calculate the corrosion current density (icorr), 
the Tafel slopes (βc and βa) and the causality factors (CF-2 and CF-3). These electrochemical parameters were 
simultaneously determined and are listed in Table (8). As can be seen from this Table, the corrosion current density 
decreases in the presence of cefixime than in its absence. The causality factors also indicate that the measured data are 
of good quality. 
 

 
 

Figure 12 Intermodulation spectrum for carbon steel in 1 N H2SO4 solutions without inhibitor at 25ºC 
 
 

 
 

Figure 13 Intermodulation spectrum for carbon steel in 1 N H2SO4 solutions with500ppm inhibitor at 25ºC 

 

Table 8 Electrochemical kinetic parameters obtained by EFM technique for carbon steel in 1 N H2SO4 solutions with 
different concentrations of cefixime 

 

Comp. [Inh] 
ppm 

icorr, 
µA cm-2 

βa, 
mV dec-1 

βc, 
mV dec-1  

CF-2 CF-3 CR, 
mpy 

θ % IE 

blank 0.0 190.8 83 112 2.030 2.919 85.08 - - 
Cefixime 100 169.8 85 102 2.035 2.956 75.74 0.110 11.0 

200 106.8 86 97 2.050 3.001 47.61 0.440 44.0 
300 77.64 89 95 2.185 2.899 34.62 0.593 59.3 
400 70.95 90 95 2.253 2.927 31.64 0.628 62.8 
500 61.55 90 95 1.941 4.681 27.45 0.677 67.7 
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Mechanism of corrosion inhibition 

 
An elucidation of inhibition mechanism requires elaborated knowledge of the fundamental interaction amongst the 
protective compound and the metal surface. Many of the organic corrosion inhibitors have at least one polar unit with 
atoms of nitrogen, sulphur, oxygen and in some cases phosphorous. It has been reported that the inhibition efficiency 
decreases in the order to O < N < S < P. The polar unit is considered as the reaction center for the chemisorption 
process. Moreover; the size, orientation, shape and electric charge on the molecule determine the degree of adsorption 
and therefore; the effectiveness of inhibitor. Increase in inhibition efficiencies with the increase of concentration of 
cefixime shows that the inhibition action is due to adsorption on the carbon steel surface. Following are the types of 
adsorption that may take place at metal/solution interface:(a) Electrostatic attraction between the charged molecules 
and charged metal(b) Interaction of unshared electron pairs in the molecule with the metal(c) Interaction of p-
electrons with the metal(d) Combination of (a) and (c) [54]. 
 

In acidic solution, cefixime can be protonated easily. Physical adsorption may take place due to electrostatic 
interaction between protonated molecule and the metal. Co-ordinate covalent bond formation between electron pairs 
of unprotonated atoms and metal surface can take place [55]. In addition, cefixime molecule is chemically adsorbed 
due to interaction of π-orbitals with metal surface. In the present study, the value of ΔGº

ads is –30 kJ mol –1, hence, 
showing that adsorption of cefixime molecules on the surface of carbon steel take place through both physical as well 
as chemical process. Nevertheless, it is clear from the results of effect of temperature that the IE values decreased at 
higher temperatures, thus, suggested that adsorption of cefixime does not favor at higher temperatures. It indicates 
that cefixime adsorbed predominantly by physical adsorption on carbon steel surface. 
 

Conclusions 
 
Cefixime acts as a good save inhibitor for the corrosion of carbon steel in 1 NH2SO4. The inhibition efficiency of 
cefixime decreased with temperature, which leads to an increase in activation energy of corrosion process. The 
adsorption of cefixime follows Langmuir s̀ adsorption isotherm. The adsorption process is spontaneous and 
exothermic, accompanied by an increase of entropy. Potentiodynamic polarization curves reveals that cefixime is a 
mixed-type inhibitor. The results obtained from different experimental studies are in good agreement. 

 

References 

 
[1] N.O. Eddy and S.A. Odoemelam Adv. Nat. & Appl. Sci. 2(1)(2008) 35  
[2] I.B. Obot, N. O. Obi-Egbedi, S.A. Umoren, Int. J. Electrochem. Sci. 4(2009) 863. 
[3] E.E. Ebenso, H. Alemu, S.A. Umoren, I.B.Obot, Int. J. Electrochem. Sci. 3(2008) 1325     . 
[4] S.A. Umoren, I.B. Obot, E.E. Ebenso, N. O. Obi-Egbedi, Int. J. Electrochem. Sci., 3(2008) 1029. 
[5] M. Abdallah, Port. Electrochim. Acta, 22(2004)161. 
[6] M. Abdallah, Corros. Sci. 46(2004) 1981. 
[7] M. Abdallah, Corros. Sci.44(2002) 717 
[8] Y. K. Agrawal, J. D. Talati, M. D. Shah, M. N. Desai and N. K. Shah, Corros. Sci. 46 (2003)633. 
[9] H. Ashassi-Sorkhabi, B. Shaabani and D. Seifzadeh, Electrochim. Acta, 50(2005) 3446  
[10] E. E. Ebenso, Bull. Electrochem. 19(5) (2003)209. 
[11] E. E. Ebenso, N. O. Eddy and A. O. Odiongenyi, Port. Electrochim. Acta. 27(1) (2009) 13. 
[12] N.O. Eddy, E.E. Ebenso, Int. J. Electrochem. Sci. 5(2010) 731. 
[13] N.O. Eddy, ‘Inhibition of corrosion of mild steel by some antibiotics’ PhD Thesis, 8 
[14] N.O. Eddy, S.A. Odoemelam and A.J. Mbaba, Afri. J. Pure & Appl. Chem., 2 (12) (2008)132. 
[15] N. O. Eddy, E. E. Ebenso and U. J. Ibok, J. Appl. Electrochem 40(2) (2010) 445. 
[16] E. S.Ferreira, C. Giacomelli, F. C.Giacomelli A. Spinelli, Mater. Chem. Phys. 83(2004)129. 
[17] E. E. F .El Sherbini, Mater. Chem. Phys. 60(1999)286. 
[18] M. S.Morad, Corros. Sci. 50(2008)436. 



Chemical Science Review and Letters                                                                                 ISSN 2278-6783  

 

Chem Sci Rev Lett 2014, 3(11S),  130-143                                                          Article CS162044072                      143 

[19] MA Quraishi, J Rawat, M Ajamal, J Appl Electrochem 30 (2000)745. 
[20] M.Abdallah, Corros. Sci. 46(2004)1981. 
[21] Singh, A. K.; Quraishi, M.A... Corros.Sci., 52(4)(2010) 1529 
[22] Pandey, P. C.; Prakash R. J. Electrochem. Soc., 145(12) (1998)4103. 
[23] Mohan, J.; Joshi, S.; Prakash, R.; Srivastava, R. C... Electro analysis, 16(7)(2004)572 
[24] Aramaki,K.and Hackerman,N.,J.Electrochem.Soc.,116(1969)568. 
[25] Schmitt, G., Bedbur, K., and Werkst, Ü. Korros., 36(1985)273. 
[26] Kunitsugn, A. M., Hagiwara and Hiroshi Nishihara., Corros. Sci., 27 (5) (1987) 487. 
[27] H. Fisher, Ann. Univ. Ferrera. Sez. 3 (Suppl. 3) 1 (1960). 
[28] G.N.Mu,X.H.L and Q.Quand J.Zhou, Corros.Sci., 48(2006)445 
[29] Z.Szklarska-Smiaiowska; Electrochemical and Optical Techniques for the Study of Metallic Corrosion, Kluwer 

Academic, theNetherlands; 545 (1991). 
[30] M.Kliskic,j.Radosevic and S.Gndic;J.Appl.Elecectochem.;27(1997)200  . 
[31] Singh, A.K., Quraishi, M.A., Corros. Sci. 52(2010) 152. 
[32] Bouklah, M., Hammouti, B., Lagrenee, M., Bentiss, F., Corros. Sci. 48(2006)2831. 
[33] Li, X., Deng, S., Fu, H. Prog. Org. Coat. 67(2010) 420. 
[34] Noor, E.A., Al-Moubaraki, A.H., Mater. Chem. Phys. 110(2008) 145.  
[35] A. S. Fouda, H. A. Mostafa, F. El-Taib and G. Y. El-Ewady, Corros. Sci., 47(2005) 1988. 
[36] A.S.Fouda, A.A. Al-Sawary, F.Sh. Ahmed and H.M. El-Abbasy; Corros. Sci.; 51, (2009)485. 
[37] L. Riggs and R. M. Hurd; Corrosion; 23(1967)252. 
[38] M.Bouklah, B.Hammouti, M.Lagrenee, F.Benties; Corros.Sci. 48(2006)2831. 
[39] M. K. Gomma and M. H. Wahdan; Mater. Chem. Phys. 39(1995)209. 
[40] N. Cahskan and S. Bilgic, Appl. Suref. Sci., 153(2000)128. 
[41] I. Sekine, M. Sabongi, H. Hagiuda, T. Oshibe, M. Yuasa, T.Imahc, Y. Shibata, and T. Wake; J. Electrochem. 

Soc.; 139(1992)3167. 
[42] M.Lagrenee, B.Mernari, B.Bouanis, M.Traisnel and F.Bentiss, Corros.Sci. 44(2002)573. 
[43] M. Bethencourt, F.J. Botana, J.J. Calvino, M. Marcos; Corros. Sci., 40(1998) 1803 
[44] Kus .E, Mansfeld .F; Corros. Sci., 48(2006)965. 
 

Publication History 

Received    16th July 2014 

Revised 20th July 2014 

Accepted 22nd July 2014 

Online 14th Aug 2014 

 
 
 
  
 

© 2014, by the Authors. The articles published from this journal are distributed to 
the public under “Creative Commons Attribution License ” 
(http://creativecommons.org/licenses/by/3.0/). Therefore, upon proper citation of 
the original work, all the articles can be used without any restriction or can be 
distributed in any medium in any form. 

 


