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Electrochemical and SEM methods were used to study domperidone (DPD) as an organic corrosion 

inhibitor for X60 carbon steel in 1 M hydrochloric acid solution. The corrosion inhibition rate decreases 

with increasing corrosion inhibitor concentration. The inhibition efficiency was the highest when 400 

mg/L DPD inhibitor was added, showing a type of mixed inhibitor. The adsorption of DPD inhibitor on 

the steel surface conforms to the Langmuir isotherm as a combination of physical and chemical 

adsorption. In addition, the adsorption conformation of the inhibitor molecules on the steel surface was 

analyzed by MD calculations and the adsorption energy was calculated. 
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1. INTRODUCTION 

 

Metals, especially steel, play an irreplaceable role in our daily lives and industrial production 

today due to their excellent mechanical properties, low cost and ease of recycling. Unfortunately, 

however, steel is sensitive to environmental conditions such as air humidity, oxygen content, acidity and 

alkalinity and is susceptible to erosion [1, 2]. And these conditions are widely present in the case of 

pickling, mainly to eliminate local deposits. Corrosion of metals can cause major accidents, seriously 

threatening the safety of life and property and requiring costly repairs [3, 4]. Among many available 

protection measures, adding corrosion inhibitor is the most convenient and effective one [5-10]. 
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Inorganic corrosion inhibitors, although excellent protective performance, but its harmful to the 

environment and human body, gradually replaced by organic corrosion inhibitors. Organic compounds 

containing heteroatoms such as oxygen, nitrogen and sulfur, whose polar heteroatomic components 

(usually containing lone pairs of electrons) interact with the cations on the metal surface by adsorption, 

have a good inhibitory effect on the corrosion of metallic materials, thus slowing down the rate of anodic 

and cathodic reactions occurring during the electrochemical process [11-15]. 

In recent years, many drugs have been used as green corrosion inhibitors [15-23]. Domperidone 

is widely used as a common drug in the pharmaceutical industry. Domperidone contains multiple N 

atoms in its molecular structure, so it is thought to be a potential corrosion inhibitor with excellent 

protective effect. In this work, the anti-corrosion ability of Domperidone against X60 steel was verified 

by adding different concentrations of Domperidone to hydrochloric acid solution. The protective effect 

of DPD molecules on X60 steel was investigated using electrochemical experiments combined with 

surface morphology observation, and molecular dynamics calculations were used to theoretically explain 

the relationship between the molecular structure and the adsorption mechanism. 

 

 

 

2. EXPERIMENTAL 

2.1 Materials and solutions 

Domperidone (DPD) was purchased from Aladdin with a purity greater than 98% and did not 

require further purification in the experiment. The chemical structure of DPD molecule is shown in Fig. 

1. The iron content of the X60 steel was 99.9%. The steel area was 1 cm2 when used as a working 

electrode and the electrode was mechanically polished to 2000 sandpaper and sonicated with deionized 

water to remove contaminants before performing electrochemical experiments. Concentrated 

hydrochloric acid was diluted to 1 M as the corrosion medium for X60 steel. 

 

 
Figure 1. Chemical structure of Domperidone  

 

2.2 Electrochemical experiment 

The gamry600+ instrument was used for electrochemical experiments and a standard three-

electrode cell assembly was used for this purpose. The electrochemical data obtained were analyzed 

using Zsimpwin software. In the electrochemical experiments, X60, saturated glycerol electrode (SCE) 
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and platinum sheet were used as working electrode, reference electrode and counter electrode, 

respectively. The electrochemical impedance spectrum (EIS) experiments were performed with an 

amplitude of 10 mV in the frequency range of 100 kHz ~ 10 mHz. Potentiodynamic polarization 

measurements were performed by scanning the potentials from 250 mV / EOCP to +250 mV / EOCP at a 

constant scan rate of 1 mV s −1. All potentials reported below are related to SCE. 

 

2.3 Surface Analysis 

The surface morphology of X60 specimens immersed in hydrochloric solutions without and with 

DPD corrosion inhibitors for five hours was examined by field emission scanning electron microscopy 

(FE-SEM). 

 

2.4 MD calculation 

Molecular dynamics simulations were used to study the adsorption behavior of DPD on the Fe 

(110) surface. The Fe (110) surface was chosen to simulate the adsorption process because of its high 

density and stability. Simulations were carried out for (24.3,17.2,62.5) Å of the Fe (110) surface, each 

layer containing one DPD molecule and 200 water molecules at 298 K NVT. Molecular dynamics was 

used to calculate the low conformational adsorption energy for the interaction of the corrosion inhibitor 

molecules with the two surfaces of the aqueous phase. 

 

 

 

3. RESULTS AND DISCUSSION 

3.1 Electrochemical testing 

Fig. 2 shows the OCP curves of X60 in 1 M HCl in the absence and presence of DPD at 298 K. 

From the OCP curves, it can be seen that the OCP values of X60 in hydrochloric acid solution stabilize 

after a period of time. After adding DPD corrosion inhibitor to the hydrochloric acid solution, the OCP 

value became larger, indicating a smaller tendency of self-corrosion, and the largest change in OCP 

value was observed after adding DPD of 400 mg/L, indicating that X60 suffered the least corrosion at 

this concentration. This change in behavior may be due to the adsorption of DPD molecules on the 

surface of X60 steel, forming a protective film. 
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Figure 2. OCP curves for X60 in 1 M HCL without and with DPD at 298K 

 

 

 
 

Figure 3. Nyquist plots (a) and bode plots (b) for X60 in 1 M HCL without and with DPD at 298K  

 

 

The corrosion behavior of X60 steel at 298K was evaluated by adding different concentrations 

of DPD to the hydrochloric acid solution using EIS. The obtained Nyquist plots are presented in Fig. 3. 

The shape of the Nyquist diagram does not change with or without the addition of DPD corrosion 

inhibitor to the hydrochloric acid solution. In the tested frequency range, there is only one depressed 

capacitive imperfect semicircle, indicating that corrosion reactions are usually controlled by charge 

transfer processes on heterogeneous and irregular steel surface electrodes [24-26]. In addition, the 

semicircle diameter increased with increasing DPD addition concentration, indicating a more effective 

protection of the steel electrode [27, 28]. 
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Figure 4. Equivalent circuit model of the X60 electrodes in 1 M HCL solution 

 

The equivalent circuit model by fitting a Nyquist plot was obtained in Fig. 4. In the model, Rs 

denotes the solution resistance, Rct represents the charge transfer resistance and constant phase element 

(CPE) is used instead of capacitive components. The impedance of CPE is described as follows [29-31]

： 

Zcpe=1/(Y0(jω)n)                                                  (1) 

where j: the imaginary root, ω: the angular frequency, Y0: proportional factor, and n: the CPE 

index associated with the inherent chemical and physical heterogeneous characters of the solid surfaces. 

The CPE can show a resistor (n = 0), a Warburg impedance (n = 0.5), or a capacitor (n = 1). 

The relevant parameters for impedance are listed in Table 1. The inhibition efficiency can be 

calculated by the following equation: 

η (%) =(Rct−Rct
0)/Rct×100%                                        (2) 

where Rct and Rct
0 are the transfer resistances in the presence and absence of DPD, respectively. 

As can be seen from Table 1, the Rct values increased significantly with increasing DPD concentration, 

which was due to the formation of a protective film on the X60 surface. This behavior can be explained 

by the increase of corrosion inhibitor adsorbed on the X60 surface, reducing the charge transfer between 

the X60 steel surface and the corrosive medium [32, 33]. When 400 mg/L corrosion inhibitor was added 

into hydrochloric acid solution, the best protection performance of X60 steel was 93.96%. 

 

 

Table 1. Electrochemical impedance parameters obtained for X60 in 1 M HCL without and with DPD 

at 298K 

 

C 

(mg/L) 

Rs 

(Ω cm2) 

Rct 

(Ω cm2) 

CPE 

(10-4Ω−1sncm−2) 

n η 

(%) 

0 2.5 63.3 1.38 0.85  

100 2.3 211.8 0.69 0.85 70.14 

200 2.4 263.9 0.73 0.84 76.03 

300 2.4 456.3 1.01 0.82 86.14 

400 2.4 1047.0 1.10 0.83 93.96 
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Figure 5. Potentiodynamic polarization curves for X60 in 1 M HCL solution without and with DPD at 

298K 

 

 

In order to further evaluate the protective effect of DPD inhibitors on X60 steel, the polarization 

technique was investigated. The potentiodynamic polarization curves of the steel at different 

concentrations of DPD in the presence of 1 M HCl solution at 298 K are shown in Fig. 5, and the relevant 

parameters (corrosion potential (Ecorr), corrosion current density (icorr), anodic (βa), cathodic (βc) Tafel 

slopes) of the polarization curves are given in Table 2. The percentage inhibition efficiency η % is given 

by the following equation (3): 

η (%) =(icorr,0-icorr)/(icorr,0) ×100%                                    (3) 

It can be seen from the figure that the cathode curve is relatively parallel after the addition of 

DPD corrosion inhibitor, indicating that the effect of DPD corrosion inhibitor on the cathode is small 

and the effect of metal dissolution on the anode is more significant [34, 35]. With the increase of DPD 

concentration, the corrosion current density decreases. This is due to the adsorption of the corrosion 

inhibitor at the X60 steel/acid solution interface reducing the dissolution of the steel [36, 37]. At a 

concentration of 400 mg/L, the corrosion inhibitor efficiency reaches 93.34%, which achieves the best 

protection. The maximum shift of the Ecorr value in the tested polarization curve was 9.5 mV, indicating 

a mixed action of the DPD corrosion inhibitor [38-41]. 

 

 

Table 2. The polarization parameters obtained for X60 in 1 M HCL without and with DPD at 298K 

 

C (mg/L) Ecorr (mV/SCE) icorr (μA cm−2) βa (mV dec−1) βc (mV dec−1) η (%) 

0 −495 98.41 49 −113  

100 −493 31.48 49 −127 68.01 

200 −499 24.22 54 −114 75.39 

300 −480 17.67 45 −153 82.04 

400 −504 6.55 49 −89 93.34 
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3.2 SEM analysis 

The morphology of X60 steel surface immersed in hydrochloric acid solution with and without 

DPD corrosion inhibitor was observed using FE-SEM and the results are shown in Fig. 6. In the absence 

of the DPD inhibitor, Fig. 6a shows that the surface of the X60 in the hydrochloric acid solution is quite 

rough and exhibits a fish scale morphology accompanied by the formation of corrosion products due to 

the corrosion of the hydrochloric acid solution. On the other hand, with the addition of DPD molecules 

to the hydrochloric acid solution, the surface of the exposed steel specimens is smooth and scratches 

from mechanical polishing can also be seen, indicating the formation of a protective film on the X60 

surface from the adsorption of inhibitor molecules. 

 

 

 
 

Figure 6. SEM images of bare X60 (a) and with 400 mg/L DPD (b) after being immersed in 1 M HCL 

solution for 5h 

 

3.3 Adsorption isotherm 

In order to understand the mode of interaction of corrosion inhibitors with metal surfaces, it is 

necessary to utilize adsorption isotherms. In this study, the Langmuir adsorption isotherm was fitted to 

investigate the adsorption behavior of DPD corrosion inhibitors on the surface of X60 steel. The 

Langmuir isotherm can be expressed by the following equation [42]: 

C θ= 1 Kads+C⁄⁄                                                  (4) 

where C denotes the concentration of the inhibitor, Kads represents the adsorption equilibrium 

constant, and θ (surface coverage) is defined as the corrosion inhibition efficiency obtained from the 

polarization curve measurements. Fig. 7 shows C vs C/θ as a straight line with a correlation coefficient 

(R2) of 0.98866 and a slope of 0.94. The larger the value of Kads calculated from the isotherm intercept, 

the stronger the interaction of the corrosion inhibitor molecules with the metal surface. The Kads 

correlates with the standard free energy of adsorption (∆Gads
0

) as follows: 

Kads=1/Cs exp(
−ΔGads

0

RT
)                                             (5) 

where, R is the molar gas constant (8.314 J mol −1 K −1) and T is the absolute temperature (K), Cs 

corresponds to the concentration of water in solution (1×103 g/L). The calculated Gibbs free energy is 

about －24.03 kJ mol−1. Negative ∆Gads
0

 value indicate that the adsorption process of DPD molecules on 

the steel surface is spontaneous [43]. Generally speaking, ∆Gads
0

 value less than −20 kJ mol−1 is physical 
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adsorption and higher than −40 kJ mol−1 is chemisorption [44]. In the present case, the ∆Gads
0

 value is in 

the middle range, indicating a combination of physical and chemical adsorption. 

 

 

 
 

Figure 7. Langmuir adsorption plots of DPD on the X60 electrodes in 1 M HCl solution 

 

3.4 Molecular dynamics calculation 

The molecular dynamics calculations of DPD on Fe (110) was used to determine theoretically 

the adsorption configuration and adsorption energy of DPD molecules on the surface of X60 steel. The 

most stable low-energy configuration of DPD adsorption on the Fe (110) surface in the aqueous phase 

is shown in Fig. 8. As can be seen from the figure, the adsorption conformation of DPD molecules is 

parallel to the steel surface, which promotes effective surface residence and greater coverage, thus 

hindering the attack of aggressive ions during the immersion process[45-47]. The calculated DPD 

adsorption energy of −289.2 kJ mol−1 is much larger than the adsorption energy of water molecules on 

the steel surface of −74.08 kJ mol−1, which indicates that DPD molecules can displace water molecules 

and form a protective film on the steel surface [15, 48, 49]. 
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Figure 8. Equilibrium adsorption configuration of DPD molecule on Fe (110) substrate (inset: on-top 

view) 

 

 

 

4. CONCLUSION 

The inhibition effect of a drug molecule DPD on X60 carbon steel in a 1 M hydrochloric acid 

environment was investigated. The evaluation was achieved by electrochemical measurement techniques 

at 298 K. The inhibition efficiency of the DPD corrosion inhibitor on the steel was positively correlated 

with the amount added in the hydrochloric acid and the highest inhibition efficiency of 93.96% was 

achieved at a content of 400 mg/L. The surface morphology of the immersed specimens in the 

hydrochloric acid solution confirmed the electrochemical results. DPD molecule adsorption on the steel 

surface followed the Langmuir adsorption theory and is a joint result of physical and chemical 

adsorption. Moreover, the optimal adsorption configuration of DPD molecules on the steel surface was 

calculated by molecular dynamics. 
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