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Abstract 

Metal corrosion control is an important for technical, economic, environmental, and aesthetic 

reasons. Inhibitors are one of the most effective ways to protect metals and alloys against 

corrosion. Over the last few years, material scientists have been particularly interested in the 

development of new ecologically friendly inhibitors (green inhibitors) for corrosion protection of 

metallic surfaces. In the present work, electrochemical measurements, XRF, XRD, and 

metallography  were used to evaluate the corrosion behaviour of AISI 1020 steel in 3 % NaCl 

solution in presence of organic inhibitors such as tannic acid, polyethylene glycol, and quaternary 

amine. Results showed that tannic acid, polyethylene glycol, and quaternary amine are effective 

environmentally friendly inhibitors for AISI 1020 steel in 3% NaCl solution, by forming a 

protective coating film and inhibiting the accessible reaction sites exposed to the corrosive media. 

The inhibition efficiency increased by increasing the concentration of tannic acid, polyethylene 

glycol, and quaternary amine up to 40, 250, and 75 ppm respectively. Furthermore, 40 ppm of 

tannic acid recorded the lowest value of corrosion rate compared with both quaternary amine and 

polyethylene glycol at their best inhibition efficiency concentrations. XRD results showed that 

elements like N, O, C, and S were adsorped on the surface of steel. These were verified by XRF 

analysis, as these element made compounds on steel suface. A clearly-apparent protective layer on 

the surface was investigated by SEM. Such a type of these green inhibitors could have a promising 

candidate for possible industrial applications. 

Keywords: corrosion, low carbon steel, green inhibitors, organic 

inhibitors 

1. Introduction

The most essential materials used in structural and ornamental purposes are metals. Metal 

corrosion, degradation, and destruction are unavoidable but manageable processes [1]. Metal 

corrosion has a huge impact on a country's growth, comparable to natural calamities such as 

earthquakes, floods, and other natural disasters [2]. Corrosion of metallic structures can be slowed 

or prevented using a variety of techniques. Protective coatings on metals utilizing organic 

molecules, plastics, and polymers, as well as cathodic and/or anodic protection using organic or 

inorganic inhibitors, are the most common approaches [3]. Green corrosion inhibitors are 

becoming more popular as a result of increased environmental awareness and changes in 

regulations that prohibit the use of traditional corrosion inhibitors due to their toxicity [4]. Natural 

products are a good source of green corrosion inhibitors because most of their extracts contain 

necessary elements like N, O, C, and S, which are active inorganic compounds that aid in the 

absorption of these compounds on metals or alloys to form a film that protects the surface and 

inhibits corrosion [5]. Organic componds such as tannic acid, polyethylene glycol, and quaternary 
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amine were examined as corrosion inhibitors for AISI 1020 steel in 3% NaCl utilizing the 

potentiodynamic polarisation. There is a growing demand for green corrosion inhibitors that 

protect metals and alloys while posing minimal environmental concerns. Speller et al. [6] 

investigated the corrosion prevention of scaled water pipes in NaCl, which was the first report of 

organic inhibitors inhibiting corrosion. Following that, several organic compounds were added to 

corrosive fluids to prevent corrosion, were studied for the same goal [6]. Due to the introduction of 

environmental legislation around the world, the use of inorganic corrosion inhibitors is restricted. 

At normal temperature, the majority of green inhibitors adsorb on the metal surface by both 

physical and chemical adsorption [7]. At high temperatures, chemisorption is the primary mode of 

inhibition. During the corrosion inhibition process, the green inhibitor acquires or loses its 

effectiveness depending on how long it is exposed to the corrosive environment [8]. The effect of 

increased time on inhibition efficiency provides information regarding the stability of the green 

inhibitor's inhibitive behavior on a temporal scale[9].Also the roughness and contact angle affect 

the corrosion resistance of the surface material, the contact angle can be defined as the angle 

between liquid/gas interface and liquidsol- id interface when a liquid droplet is placed on a solid 

surface [10]. In most, the inhibitor's efficacy declines as time passes, implying that the inhibitor 

molecules' adsorption reduces. In most circumstances, the inhibitor's effectiveness declines as time 

passes, implying that the inhibitor molecules' adsorption on the metal surface is predominantly by 

physical interactions [11]. Because of the issue of toxicity, there is rising worry about some 

chemicals such as chromates as corrosion inhibitors [12]. Researchers engaged in "green 

chemistry" or "eco-friendly" technologies are interested in green inhibitors, such as natural 

compounds derived from plant extracts and chemicals derived from other renewable sources [13]. 

Mahmoud Abbas Ibraheem et al. studied the effect of Itraconazole and Fluconazole compounds as 

inhibitors for API 5L-B in 3.5% NaCl solution saturated with CO2 and concoluded that, 

Itraconazole compound has higher inhibition efficiency than Fluconazole despite its lower cost 

[14]. The inhibiting effect of Clindamycin and Cefaclor compounds was studied on A106-B 

material in sulfuric acid solution by Mahmoud Abbas Ibraheem et al. and concoluded that 

Clindamycin and Cefaclor drugs are good corrosion inhibitors for A106-B in 0.5M H₂SO₄ 

solutions. They are mixed type inhibitors, act by adsorption on the metal surface, and block the 

active sites [15].  The present study aims to investigate the corrosion prevention of AISI 1020 steel 

employing environmentally friendly inhibitors such as tannic acid, quaternary amine, and 

polyethylene glycol. Polarization technique was used to investigate electrochemical behavior of 

AISI 1020 steel in 3 % NaCl solution. Corrosion rate in different conditions were determined 

applying Tafel experiment test in and surface morphology were examined by SEM.  

2. Experimental Work

2..1 Materials 

A cold rolled - AISI1020 low carbon steel sheet from EZZ flat steel company 

(El-sokhna, Suez, Egypt) has been used in this study. Table 1 summarises the 

chemical composition of the steel under investigation. 
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Table 1 Chemical composition of studied AISI 1020 low carbon steel 

Element C Si Mn Cr P S Fe 

wt.% 0.20 0.25 0.50 0.059 0.012 0.017 balance 

Three types of green organic inhibitors were used in this study, 

namely,tannicacid, a quaternary amine, and polyethylene glycol, all of which 

had the chemical formula and structure presented in Table 2. each inhibitor 

was tested in 3%NaCl. 

Table 2 Chemical formula and structure of the materials used in this study [16]. 

2.2 Specimen Preparationand Characterization 

For testing and calculating the inhibition efficiency and corrosion rate for each 

inhibitor, specimens of (20x20x1mm3) were utilized, which were abraded with 

different sizes of emery papers and polished with polishing papers soaked in 

alumina solution, rinsed, and air-dried. To ensure that the specimens were free 

of dust, oil, and extraneous materials, they were washed with ethanol in an 

ultrasonic bath and then mounted using cooled mounting. The test solutions 

were prepared by (i) adding 150, 200, 250, and 300 ppm polyethylene glycol to 

a 3% NaCl solution, (ii) adding 25, 50, 75, and 300 ppm quaternary amine to a 

3% NaCl solution, and (iii) adding 20, 30, 40, and 50 ppm tannic acid to a 3% 

NaClsolution.To characterize the components of the inhibited-steel, X-ray 

diffraction (XRD) patterns were recorded by a Siemens D5000 powder 

diffractometer equipped with Cu-Ka radiation (Siemens D5000, 

Germany).Scanningelectron microscopy compiled with an energy dispersive 

spectrometer (SEM-EDS, Jeol JSM-6360LA, Japan) was used to investigate 

the microstructure of the inhibitedsteel. 

X Chemical Formula Structure 

Tannic Acid C76H52O46 

Quaternary Amine C19H42BrN 

Polyethylene Glycol C2nH4n+2On+1 
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2.3 Corrosion Rate Measurement 

Potentiodynamic polarization technique was used to study the corrosion 

behavior of AISI 1020 carbon steel in 3% NaCl solution. All electrochemical 

experiments were conducted using a conventional three-electrode 250 ml cell 

assembly, with the counter electrode made of platinum and saturated calomel 

electrode (SCE) as a reference electrode. A copper wire, 3 mm diameter, was 

mounted to the rear side of the samples as an electrical connection as shown in 

Figure 1. The electrodes were degreased with acetone, air-dried then embedded 

in two-component epoxy resinbeforebeingmounted into a glass tube. The 

exposed surface of the specimen was flat with a cross-section area of 4 cm2. 

Thesespecimens were used as the working electrode during the electrochemical 

experiments. The bare electrode's flat surface was wet polished using silicon 

carbide abrasive papers up to 2000 grits, rinsed with ethanol, and air-dried 

before each test. The test medium was 200 ml 3% NaCl, employed as the blank 

for all tests. 

Figure 1 Schematic diagram shows the electrochemical experiment 

Potentiodynamic polarization experiments were carried out using 

Versastat3(Potentiostat /Galvanostat Model, Germany). All potentials were 

measured concerning the SCE. The potentiodynamic current/potential curves 

were recorded by changing the electrode potential automatically from -2500 to 

+2500 mV with a scan rate of 1 mV.S-1 and the corresponding current was 

recorded. The corrosion rate was calculated from the following equation: 

Corrosion rate (CR) = 
𝐈𝐜𝐨𝐫𝐫  ×   𝐄𝐪.𝐖𝐭.

𝛒   ×   𝐅
 ………………………………. [1] 

where: Icorr is the corrosion current density, Eq. wt. is the equivalent 

weight of steel, F is the Faraday constant, and ρ is the density of steel. 

Tafelplots are drawn by sweeping the potential by several hundred millivolts 

relative to the open circuit potential, Eoc. An excess of electron flow is 

delivered to the corroding steel electrode during cathodic polarization, causing 
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the electrode potential to shift in the negative direction with respect to Ecorr. 

Electrons are moved from the electrode during anodic polarisation, while 

current flows in the opposite direction for cathodic currents. Because there 

aren't enough electrons, the potential on the working electrode is positive with 

respect to Ecorr. 

3. Results and Discussion

Figure 2(a-c) shows the polarisation curves for AISI 1020 in a 3% NaCl solution in the presence 

and absence of tannic acid, a quaternary amine, and polyethylene glycol at 25 °C using the 

potentiodynamic polarization technique. 

a b 

c 

Figure 3 (a-c) shows the effect of concentrations of tannic acid, a quaternary amine, and 

polyethylene glycol on the corrosion rate of AISI 1020 carbon steel in a 3% NaCl solution at 25 oC 

using the potentiodynamic method. The addition of tannic acid leads to react with steel forming 

ferric tannatefilms which are vapour barriers. They will delay or retard corrosion by forming a film 

over iron, this effect will  last indefinitely and increase the inhibition efficiency up to 77.14 % at 

250 ppm, while addition of quaternary amine as inhibitor,the inhibition obtained with the longer 

Figure 2 Polarization curves for AISI-1020 in 3% NaCl solution at 25o in the absence and presence 

of a) tannic acid, b) quaternary amine,and c) polyethylene glycol 
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chain compounds shows considerable persistence after treated samples are transferred to a pure 

acid bath, whilein the presence of polyethylene glycol, the corrosion potential shifted towards less 

cathodic potentials compared to the one without polyethylene glycol. In addition, a decrease of 

cathodic slope and a decrease of the anodic one was noticed when polyethylene glycol was added. 

This allowed to reduce Icorr by adding polyethylene glycol addition, which corresponds to an 

efficiency (IE) of about 73.14%. This indicates that polyethylene glycol allowed to give more 

stability to the layer, and to limit the anodic reaction of metal dissolution. 

a b 

c 

Figure 4 shows the efficiency of the three inhibitors concentrations for AISI 1020 carbon steel in 

3% NaCl solution at 25 °C using potentiodynamic technique. It can be observed that the best 

Inhibition efficiency reached77.14, 65.67, and 73.14% for tannic acid, a quaternaryamine, and 

polyethylene glycol at 40, 75,and 250 ppm, respectively. 

The inhibition efficiency (IE%) was calculated according to Eq (2)[give 

reference]: 

IE% =  
CRblank−CRinhibitor

 CRblank
∗  100 ……….. [2] 

where:CRblank and CRinhibitor are the corrosion rates in the absence and presence 

of inhibitors, respectively. 

Figure 3 Effect of a) tannic acid, b) quaternary amine and c) polyethylene glycolon the corrosion 

rate of AISI 1020 using potentiodynamic polarization technique at 25°C 
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The corrosion rate (CR) is decreased with the addition of inhibitors. The 

corrosion rate is decreased to its lowest level when 40 ppm of tannic acid was 

used,resultinginthehighest inhibition efficiency between the three inhibitors. 

Table 3 Corrosion rate and inhibition efficiency using potentiodynamic 

technique for AISI1020 in 3% NaCl solution at 25 °C in the absence and 

presence of the studied inhibitors 

Concentration 

(ppm) 

Corrosion Rate (mpy) InhibitionEfficiency 

(%) 

Blank specimen - 12.53 - 

Tannic Acid 20 4.89 60.98 

30 3.68 70.59 

40 2.86 77.14 

50 5.52 55.96 

Quaternary Amine 25 10.40 16.97 

50 7.95 36.53 

75 4.30 65.67 

100 8.78 29.91 

Polyethylene Glycol 150 9.91 20.88 

200 7.68 38.69 

250 3.37 73.14 

300 3.90 68.86 

Figure 5 shows the XRD patterns for the AISI 1020 carbon steel specimen 

after immersion in 3% NaCl solution, 40 ppm tannic acid, 75 ppm quaternary 

amine, and 250 ppm polyethylene glycol. 

Figure 4 Inhibition efficiency of a) tannic acid, b) quaternary amine and c) polyethylene glycol on 

AISI 1020 using potentiodynamic polarization technique 
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The corrosion products caused by immersion in the test solution are 

represented by these compounds, as seen in Fig. 5. The associated peaks show 

that the peak intensity of these chemicals is substantially higher on the metal 

surface. On the metal surface, complex chemicals such as ferric tannate and 

iron nitride are formed. These compounds represent the protective film formed 

due to the interaction of iron with the inhibitor molecules. As evidenced by the 

corresponding peaks, the intensity is much higher on the metal surface. 

Additionally,  the narrow peaks in the obtained XRD patterns suggested that 

the produced films were crystallized, resulting in a higher level of protection. 

SEM graphs of the surface of samples immersed in different inhibitors were 

investigated as shown in Figure 6(a-d). 

Figure 5 XRD patterns for the AISI 1020 specimen in the case of(no inhibitor, 40 

ppm tannic acid, 75 ppm quaternary amine, and 250 ppm polyethylene glycol 
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a b 

c d 

Figure 6 SEM graphs of AISI 1020 carbon steel specimen after immersion in 3% NaCl solution at 

25˚C for one week: a) without inhibitor, b) 40 ppm tannic acid, c) 75 ppm quaternary amine and d) 

250 ppm polyethylene glycol. 

Figure 7 shows the EDX for the AISI 1020 carbon steel specimen after 

immersion in 3% NaCl solution at 25˚C,40 ppm tannic acid, 75 ppm 

quaternary amine, and 250 ppm polyethylene glycol. 
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a 

b 

c 

d 

4. Conclusions

Green inhibitors are generally excellent inhibitors for most metals in a variety 

of corrosive conditions. These inhibitors' main advantages are their non-

toxicity and biodegradability. They do, however, have performance limits. 

Although green inhibitors have been identified as a possible contender against 

corrosion in a variety of conditions, further research is needed before they can 

be widely used in industry. Tannic acid, a quaternary amine, and polyethylene 

Figure 7 shows the EDAX for the AISI 1020 carbon steel specimen after immersion in 3% NaCl 

solution at 25˚C for one week a) absence of inhibitor, b) 40 ppm tannic acid, c) 75 ppm quaternary 

amine, and d) 250 ppm polyethylene glycol 
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glycol are effective inhibitors of steel AISI 1020 in 3 percent NaCl, with 

inhibition efficiencies of 77.14%, 65.67%, and 73.14%, respectively, at 40, 75, 

and 250 ppm. 
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