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1. Introduction 
The high strength of X80 steel has made it a choice material in oil-well processing equipment and for the 

construction of pipelines in the oil and gas industry. Oil-well acidizing is one of the practices in the petroleum 

industry for improving productivity (stimulation) of wells. Acidizing involves pumping acid into a wellbore or 

geologic formation that is capable of producing oil and/or gas, a process which normally leads to corrosion 

dissolution [1]. The corrosion reaction can be suppressed by the use of appropriate and effective acid corrosion 

inhibitors to protect the steel tubulars in the wells. Some organic compounds containing O, N, S heteroatoms in 

their moieties are known to be effective corrosion inhibitors for steel in acidic media [2-6]. The inhibitor molecules 

are adsorbed chemically or physically or both on the surface of the steel, hence forming a protective film on the 

steel surface that prevents corrosion [7].  

The negative effect of most organic inhibitors on the environment has restricted their use in inhibiting 

metal corrosion. Nowadays, corrosion researchers are focusing on the exploration of environmentally safe 

corrosion inhibitors [8-12]. In the recent times, drugs have been used as corrosion inhibitors because they do not 

contain toxic species. Most drugs are actually synthesized from natural products of plant origin which puts them 

in a position to be classified as green corrosion inhibitors. There are many research work available which have 

reported the use of drugs as effective corrosion inhibitors for different metals in different corrosive media [13-

16]. The inhibition mechanism of these drugs is ascribed to the blocking of the surface usually by formation of 

insoluble complexes on the surface of the metal.  

Literature survey revealed that cefepime is a fourth-generation cephalosporin antibiotic which is non-

toxic and has an extended spectrum of activity against gram-positive and gram-negative bacteria, with greater 

activity against both types of organism than third-generation cephalosporin. Cefepime is usually reserved to treat 

moderate to severe nosocomial pneumonia, infections caused by multiple drug-resistant microorganisms and 

empirical treatment of febrile neutropenia [17]. However, no report was found in literature on the use of cefepime 

as a corrosion inhibitor for any metal in acidic media. The structure, IUPAC name, molecular weight, molecular 
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formula and active centers of cefepime are shown in Table 1. The present work reports a study of the corrosion 

inhibitive effect of cefepime on X80 pipeline steel corrosion in 1 M HCl solution using weight loss, 

electrochemical impedance spectroscopy (EIS) and potentiodynamic polarization (PDP) techniques. Scanning 

electron microscopy (SEM) was used to perform the surface analysis of the steel. 
 

Table 1: Structure, IUPAC name, molecular weight, molecular formula and active centers of Cefepime 

Structure IUPAC Name Molecular 

weight 

Active 

center 

Chemical 

formula 

 

7-(2-(2-aminothiazol-4-yl)-2-

(methoxyimino)acetamido)- 

3-((1-methylpyrrolidinium-1-

yl)methyl)-8-oxo-5-thia- 

1-aza-bicyclo[4.2.0]oct-2-ene-

2-carboxylate 

 
 

480.56 

 

 

5O 

6N 

2S 

 

 

 

C19H24N6O5S2 

 

2. Material and Methods 
2.1. Materials preparation 

A flat sheet of X80 steel 5 mm in thickness with the following composition: C-0.065%, Si-0.24%, Mn-

1.58%, P-0.011%, S-0.003%, Cu-0.01%, Cr-0.022%, Nb-0.057%, V-0.005%, Ti-0.024%, B-0.0006% and the 

balance is Fe was used for this study. The X80 steel sheet was obtained from Shell Nigeria oil field. The steel 

sheet was mechanically pressed-cut into coupons of dimension 1 cm × 1 cm for electrochemical measurements, 2 

cm × 2 cm for gravimetric experiment and 2 cm × 1 cm for surface analysis examination. Before being used for 

the experiments, the X80 steel coupons were polished with 600 and 800 grades of emery paper, followed by 

cleaning with acetone, rinsing with distilled water, drying with air, weighing and used immediately. The blank 

corrodent was 1.0 M HCl solution prepared with distilled water. 

Cefepime was purchased as Novapime, a brand manufactured by Lupin Limited, from Phillips 

Pharmaceuticals (Nig) Limited and used for the corrosion test. The inhibitor (Cefepime) was used as purchased 

without further purification or characterization. The inhibitor test solutions were prepared by dissolving 

earmarked mass of Cefepime in 1.0 M HCl solution in the concentrations range of 1 to 10 mM. 

 

2.2. Weight loss studies 

In this part of the experiment, the previously cleaned and weighed metal coupons were completely 

immersed in 1.0 M HCl solution in the absence and presence of different concentrations of Cefepime for 5 h 

maintained at 303 K in a thermostatic water bath. After immersion, the coupons were retrieved from their 

respective corroding test solutions, washed with 20% NaOH solution containing 4.0 g of Zinc dust to quench the 

corrosion reaction, rinsed in acetone, dried in warm air and reweighed [18]. The difference in weight of the 

coupons before and after immersion was taken as the weight loss. The experiments were repeated at temperatures 

of 313, 323 and 333 K respectively. All the tests were run in triplicate and the average value of the weight loss 

recorded. From the weight loss data, the corrosion rates (CR), degree of surface coverage (θ) and inhibition 

efficiency (%IWL) were evaluated using Equations (1) – (3) respectively [19]. 

 

𝐶𝑅 (𝑚𝑚/𝑦𝑟) =  
 87.6 𝑥 𝛥𝑤

𝐷𝐴𝑡
     (1) 

𝜃 =  
𝐶𝑅𝐵𝑎− 𝐶𝑅𝐼𝑛

𝐶𝑅𝐵𝑎
      (2) 

%𝐼𝑊𝐿 = 100(𝜃)      (3) 

where ΔW is the average weight loss (mg), A is the cross sectional area of the coupon (cm2), t is the exposure 

time (h), D the density of the steel specimen (g cm-3), CRBa and CRIh are the corrosion rates (mm/yr) of steel in 

the blank acid and inhibited solutions respectively. 

2.3. Electrochemical techniques 

The electrochemical studies (PDP and EIS) were carried out using a CHI 660A electrochemical work 

station at 303 K. A three electrode cell assembly was used. The X80 pipeline steel prepared as shown in Section 
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2.1 with one face of the coupon of 1 cm2 area exposed and the other face shielded with epoxy adhesives was the 

working electrode, saturated calomel electrode (SCE) was used as reference electrode and platinum electrode was 

used as the counter electrode (CE). Prior to the electrochemical measurement, the samples of X80 steel were first 

immersed in a blank solution for 30 minutes to establish a steady state open circuit potential (OCP). The 

potentiodynamic polarization study was performed from cathodic potential of -250 mV to anodic potential of 

+250 mV relative to corrosion potential at a scan rate of 0.2 mV/s. Impedance was measure with amplitude of 5 

mV peak-to-peak in a frequency range of 100 kHz to 10 mHz using AC signals at respective corrosion potential 

(Ecorr). Each experiment was run three times to check reproducibility and average values of the electrochemical 

data recorded. Data were analysed and curves fitted using Gamry E-Chem software. The linear Tafel region of 

the polarization curves were extrapolated to corrosion potential to obtain the corrosion current densities (Icorr). The 

charge transfers resistance (Rct) values were obtained from the diameter of the semi circles of the Nyquist plots. 

Inhibition efficiency PDP (%IPDP) and EIS (%IEIS) was calculated for using Equations (4) and (5) respectively. 
 

%𝐼𝑃𝐷𝑃 =  (1 −
𝐼𝑐𝑜𝑟𝑟(𝐼)

𝐼𝑐𝑜𝑟𝑟(𝐵)
) 100   (4) 

  

%𝐼𝐸𝐼𝑆 =  (
𝑅𝑐𝑡(𝐼)− 𝑅𝑐𝑡(𝐵)

𝑅𝑐𝑡(𝐼)
) 100   (5) 

where Icorr(I) and Icorr(B) are the measured corrosion current densities in the absence and presence of inhibitor 

respectively and Rct(B) and Rct(I) are measured charge transfer resistances in the absence and presence of inhibitor 

respectively.  

2.4. Surface Morphological analysis 

Morphological analysis of the X80 pipeline steel surface were done by SEM examinations of the steel 

surfaces using XL-30FEG Scanning electron microscope. X80 steel coupons were prepared as previously 

described in Section 2.1 and immersed for 5 h in 1.0 M HCl solution in the absence and presence of the 10 mM 

Cefepime at 303 K. The specimens were removed after immersion, washed with double distilled water, dried in 

acetone and mounted into the spectrometer for SEM examination [20]. 

3. Results and discussion 

3.1. Weight loss studies 

The plots of corrosion rate (CR) and inhibition efficiency (%IWL) versus inhibitor concentration for X80 

pipeline steel without and with different concentrations of Cefepime in 1.0 M HCl at different temperatures is 

shown in Figure 1 (a) and (b) respectively.  
 

 

Figure 1: Variation of (a) corrosion rate and (b) inhibition efficiency (%IWL) with Inhibitor concentration for X80 steel in 1 M 

HCl without and with different concentrations of Cefepime at different temperatures from weight loss measurements. 
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The result from Figure 1(a) reveals that CR of X80 steel reduced in the presence of Cefepime and the 

extent of reduction increased with increase in the concentration of the drug. This clearly indicates that Cefepime 

inhibited the corrosion of X80 steel in the acid solution. It was also noticed that the CR increased with increasing 

temperature from 303 to 333 K both in absence and presence of Cefepime. This is a pointer to the fact that the 

metal is susceptible to faster breakup with increase in thermal unrest of the corrosive environment. However, 

increase in the drug concentration increases %IWL, but %IWL decreases with increase in temperature (Figure 1b). 

The inhibition efficiency of Cefepime reached a maximum value of 96.4% at 303 K using 10 mM Cefepime which 

indicates that the X80 steel surface is efficiently separated from the acid solution by the adsorption of the inhibitor 

molecules on the steel surface [21, 22]. Decrease in %IWL with increasing temperature may be due to desorption 

of the initially adsorbed molecules of the inhibitor or thermal degradation of Cefepime structure. 

 

3.2. Adsorption isotherm 

The corrosion inhibition ability of organic compounds is mainly due to adsorption onto a metal surface to 

form a protective film. A very important clue about the nature of the interaction between Cefepime and X80 

pipeline steel surface can be provided by adsorption isotherms [23]. The process of adsorption of inhibitors is a 

displacement reaction, where the water molecules on the steel surface is replaced by the inhibitor molecules, 

expressed according to the equation: 

 

𝐼𝑛ℎ(𝑠𝑜𝑙) +  𝑦𝐻2𝑂(𝑎𝑑𝑠)  →  𝐼𝑛ℎ(𝑎𝑑𝑠) +  𝑦𝐻2𝑂(𝑠𝑜𝑙)   (6) 

where Inh(sol) and Inh(ads) are the inhibitor added in the aqueous solution and adsorbed on the metal surface 

respectively, y is the number of adsorbed water molecules replaced by inhibitor molecule. The degree of surface 

coverage (θ) for different Cefepime concentrations were evaluated from the weight loss measurements in 1.0 M 

HCl at 303 - 333 K and the data obtained were fitted to various isotherms using the correlation coefficient (R2) to 

determine the best fit. Langmuir isotherm which can be expressed by equation 7, was found to graphically fit the 

experimental data well: 

 
𝐶𝑖𝑛ℎ

θ
=  

1

𝐾𝑎𝑑𝑠
+ 𝐶𝑖𝑛ℎ       (7) 

where Cinh denotes the concentration of Cefepime in mM, θ denotes the surface coverage and Kads represents the 

equilibrium constant of adsorption. The plot of Cinh/θ vs. C (Figure 2) gave a straight line for the different 

temperatures suggesting that the adsorption of Cefepime followed Langmuir isotherm.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Langmuir adsorption isotherm for adsorption of Cefepime. 

 

0 2 4 6 8 10

0

2

4

6

8

10

12

 303 K

 313 K

 323 K

 333 K

C
/θ

 (
m

M
)

C (mM)



Iroha and Nnanna, J. Mater. Environ. Sci., 2019, 10 (10), pp. 898-908 902 

 

The R2 values of the order of 0.99 with slope in the neighbourhood of unity confirm the suitableness of 

Langmuir adsorption isotherm model. The Kads evaluated from the intercept of the fitted lines is related to the 

standard free energy of adsorption (𝛥𝐺𝑎𝑑𝑠
𝑜 ) according to the following equation: 

 

 𝛥𝐺𝑎𝑑𝑠
𝑜 =  −𝑅𝑇 𝐼𝑛 (55.5𝐾𝑎𝑑𝑠)     (8) 

where R is the universal constant, T is the absolute temperature and 55.5 is the concentration of water molecules 

in mol L-1. The various adsorption parameters obtained from the Langmuir isotherm are listed in Table 2. 

Table 2: Adsorption parameters obtained from the Langmuir adsorption isotherm plot 

T (K) Kads 
 (mM-1) ΔGads (kJ/mol)  Slope R2 

303 31.92 42.63-  1.7940 0.9919 

313 19.75 42.07-  0.1663 0.9913 

323 13.18 42.62-  0.1001 0.9951 

444 01.12 42.23-  0.00.0 1.7742 

 

The Kads value has been used to describe the force of adherence that exists between the adsorbate 

(inhibitor) and adsorbent (steel surface). Large values of Kads indicates enhanced adsorption and therefore 

improved inhibition efficiency [24]. From the results as seen in Table 2, Kads decreases as temperature increases 

indicating that the force of adherence of Cefepime to the X80 steel surface decreases with increase in temperature. 

This behaviour of Cefepime is a combination of both physisorption and chemisorption. The calculated values of 

ΔGads gotten are all negative and within the range –36.19 and –36.64 kJ/mol. The negative value suggest that 

Cefepime is strongly adsorbed on X80 steel surface and ascertains the spontaneity of the adsorption process. The 

values of ΔGads are usually used to tag adsorption mechanism as chemisorption, physisorption, or a combination 

of both adsorption models. Values of ΔGads in the order of -40 kJ mol-1 or more is taken as chemisorption involving 

charge transfer or sharing from the inhibitors to the metal surface to form a kind of co-ordinate bond while those 

equal to -20 kJ mol-1 or less is interpreted to suggest physisorption involving electrostatic interaction between 

charged inhibitor molecules [25]. The calculated values of ΔGads are more negative than –20 kJ mol-1 and less 

negative than –40 kJ mol-1which indicates that Cefepime is adsorbed on X80 steel by both physical and chemical 

process [26]. 

 

3.3. Effect of temperature 

The inhibition action of Cefepime was examined at different temperatures (303, 313, 323 and 333 K) 

using weight measurements.  The results presented in Figure 1 (a) shows that increase in temperature causes 

significant increase in the CR probably due to the desorption of adsorbed Cefepime molecules from the X80 steel 

surface at elevated temperatures [27]. However, %IWL of the Cefepime decreases with temperature rise as seen in 

Figure 1 (b). This result indicates physical adsorption of the inhibitor molecules on the steel surface. The effect 

of temperature can be clearly established using Arrhenius and transition state equations (Eqs. 9 and 10) [28-30]. 

𝐶𝑅 = 𝐴 exp (
−𝐸𝑎

𝑅𝑇
)     (9) 

𝐶𝑅 =  
𝑅𝑇

ℎ𝑁
exp (

𝛥𝑆∗

𝑅
) exp (− 

𝛥𝐻∗

𝑅𝑇
)   (10) 

where, A is the pre-exponential factor, Ea is the activation energy, R is the universal gas constant, T is the absolute 

temperature, ΔS* is the entropy of activation, ΔH* is the enthalpy, N is the Avogadro number, h is the Planck 

constant. Arrhenius plot of logarithm of CR with reciprocal of absolute temperature (Figure 3a) gives a straight 

line from which the Ea values were evaluated (Table 3). A plot of log (CR/T) versus 1000/T as shown in Figure 

3b gives a straight line with a slope of (−ΔH*/2.303 R) and an intercept of log (R/Nh + ΔS*/2.303 R) from which 

the values of ΔH*and ΔS* were deduced and listed in Table 3. 
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The data in Table 3 clearly shows that Ea values are higher in the presence of Cefepime as compared to 

in their absence which indicated physisorption mechanism of adsorption that takes place during the initial stage 

of the interaction between the metal and the inhibitor [31]. Positive values of ΔH* indicates that the interaction of 

Cefepime with X80 steel surface is an endothermic process whereas large negative values of ΔS* indicates that 

the creation of active complex and dissociation of the complex is the rate determining step [32-34]. 

 

Table 3: Kinetic and thermodynamic parameters obtained from Arrhenius and transition state plots  

Concentration (mM) Ea (kJ/mol) ∆H*(kJ/mol) ∆S* (J/mol/K) 

Blank 52.75 50.48 -119.55 

1.0  39.06 36.48 -143.87 

2.5  36.59 33.72 -147.80 

5.0 35.90 33.05 -147.67 

7.5  32.18 29.41 -149.80 

10.0  30.41 27.76 -151.62 

 

Figure 3: Arrhenius plots (a) of log CR and Transition state plot (b) of log CR/T against 1/T for X80 steel in 1 M HCl and 

that inhibited by different concentrations of Cefepime 

 

3.4. Electrochemical impedance spectroscopy (EIS) measurement  

The EIS is another method that provides valuable information about corrosion inhibition process. The 

film stability on the metal surface and the kinetics of the electrode processes were also investigated by the EIS 

measurement. The impedance spectra, presented as Nyquist plots, obtained for corrosion of X80 steel in 1 M 

HCl in the absence and presence of the Cefepime are presented in Figure 4. It is observed that in all cases the data 

depicted depressed, capacitive-like semicircles with their centres in the real axis which represents the interaction 

of the steel surface with the corrosive media. The diameter of the semicircle increases with Cefepime 

concentration, indicating that the charge transfer process is the main controlling factor of the corrosion of X80 

pipeline steel. However, the semicircles in the impedance diagrams are not perfect, which are linked to the 

frequency dispersion as a result of the roughness and inhomogeneous of steel surface [35-37]. The equivalent 

circuit model shown in Figure 5 was used to simulates the EIS results. The circuit is made up of solution resistance 

(Rs) in series with charge transfer resistance (Rct) and double layer capacitance (Cdl) simulated through a constant 

phase element (CPE). The charge transfer resistance values Rct were deduced from the difference in impedance at 

the lower and higher frequencies [38]. The impedance ZCPE was calculated using Eq. (11):  

𝑍𝐶𝑃𝐸 = [𝑌𝑜 (𝑗𝜔)𝑛]−1      (11) 

where Y0 is the magnitude of CPE, j is the imaginary root, ω is angular frequency and n is the exponential term. 

The values of the double layer capacitance (Cdl) was calculated via Eq. (12): 
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𝐶𝑑𝑙 =  
1

2𝜋𝑓𝑚𝑎𝑥𝑅𝑐𝑡
      (12)      

where fmax is the frequency value at which the imaginary component of the impedance is maximal. The calculated 

impedance parameters and the inhibition efficiency (%IEIS) of Cefepime are given in Table 4. 
 

Table 4: EIS parameters for X80 steel in 1 M HCl without and with selected concentrations of Cefepime at 303 K 

Concentration 

(mM) 

Rs 

(Ω cm2) 

Rct 

(Ω cm2) 

n Yo  

(μ Ω-1s2cm-2) 

Cdl  

(μFcm-2) 

%IEEIS 

(%) 

Blank 0.849 68.1 0.895 331.6 94.1 - 

5.0 1.395 307.6 0.883 297.4 48.2 77.9 

10.0 2.003 998.7 0.913 163.90 20.8 93.2 

 

As seen from Table 4, Rct values increased with an increase in the concentration of the Cefepime reaching 

a maximum value of 998.7 Ω·cm2 at 10 mM concentration of Cefepime while Cdl values decreased as Cefepime 

concentration increases. The increase in Rct values may be due to the formation of adsorbed film of inhibitor 

molecules on the metal surface. The decrease in Cdl may be due to increase in thickness of the electronic double 

layer [39]. These observations confirm the increasing level of adsorption of Cefepime on the X80 steel surface 

[40]. The increase in charge transfer resistance and decrease in double layer capacitance as the concentration of 

the inhibitor increases is ascribed to increasing surface coverage by Cefepime molecules which leads to a 

corresponding increase in %IEIS with increasing inhibitor concentration. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Impedance plots of X80 pipeline steel obtained in 1.0 M HCl in the absence and presence of selected 

concentrations of Cefepime 

 

 
 

 

 

 

 

Figure 5: Equivalent Circuit Model. 
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3.5. Potentiodynamic polarization (PDP) measurement 

Polarization curves for X80 steel in 1.0 M HCl solution at selected concentrations of Cefepime at 303 K 

are shown in the Figure 6. The curves showed that addition of Cefepime to the blank acid solution has mild 

influence on both anodic metal dissolution process and cathodic H+ ion reduction half reactions, with anodic 

influence appearing to be more pronounced. The values of current densities (Icorr), corrosion potential (Ecorr), 

anodic Tafel slopes (βa), cathodic Tafel slopes (βc) and inhibition efficiency as a functions of Cefepime 

concentration were calculated from the curves and listed in Table 5. The results showed that, as the concentration 

of Cefepime increased, the values of Icorr decreased which indicates the corrosion inhibiting ability of the inhibitor. 

It is also observed from Table 5 that the maximum change in Ecorr values is 19.6 mV which is far less than ±85 

mV, indicating that Cefepime behave as mixed-type inhibitor but predominantly anodic [41]. The values of βa 

and βc for the selected concentrations of Cefepime remarkably reduced compared to the blank acid solution 

confirming the influence of the inhibitor on both the anodic and cathodic reactions thus supporting the assertion 

that Cefepime is a mixed-type inhibitor. The inhibition efficiency (%IPDP) was observed to increase with increasing 

Cefepime concentration which clearly shows that the inhibitor molecules are adsorbed on the X80 steel surface. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Polarization curves for X80 steel corrosion in the absence and presence of selected concentrations of Cefepime in 

1.0 M HCl 

 

 

Table 5: PDP parameters for X80 pipeline steel corrosion in the absence and presence of selected concentrations of 

Cefepime in 1.0 M HCl. 

Concentration 

(mM) 

Icorr 

(A cm-2) 

Ecorr  

(mV vs SCE) 

βc 

(mV dec-1) 

βa  

(mV dec-1) 

IEPDP  

(%) 

Blank 096.0 -392.5 199.7 174.2  

5.0 201.9 -381.3 175.3 132.9 76.8 

01.1 27.7 -372.9 157.8 87.9 92.0 

 

3.6. Surface Morphology 

The surface morphology of X80 steel in 1.0 M HCl without and with Cefepime was conducted using 

Scanning electron microscope (SEM). Figure 7(a) shows specimen corroded in 1 M HCl solution without the 

inhibitor. The surface of the steel in the uninhibited solution is eroded, showing a rough surface with significant 

amount of micro cracks and pores which creates paths for the acid solution to permeate and corrode the metal. 

However, the surface of the steel corroded in presence of 10 mM Cefepime, shown in Figure 7(b) is smooth and 

more compact, with much less micro cracks and pores, which indicates that the metal is highly protected because 



Iroha and Nnanna, J. Mater. Environ. Sci., 2019, 10 (10), pp. 898-908 906 

 

of the presence of the inhibitor. These observations confirm that the adsorption of Cefepime molecules on the 

X80 pipeline steel surface inhibits the corrosion of the metal and reduces surface roughness. 

Figure 5: SEM images of X80 pipeline steel surface immersed in 1.0 M HCl (a) without and (b) with 10 mM Cefepime. 

 

Conclusion 

Cefepime was investigated as an inhibitor for X80 pipeline steel corrosion in 1.0 M HCl solution. The study 

revealed that Cefepime is an effective corrosion inhibitor with a better inhibition efficiency at lower temperatures. 

Cefepime inhibits corrosion by forming a protective film which is physically adsorbed on the X80 steel surface 

following a Langmuir type of adsorption isotherm. Cefepime acts as mixed type inhibitor but showed the 

predomination of anodic reaction inhibition. The Inhibition efficiency increased with an increase in the 

concentration of Cefepime. The SEM images confirm the formation of a protective layer on the X80 steel surface. 

Cefepime could be an effective alternative corrosion inhibitor for oil-well acidizing practice in the petroleum 

industry 
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