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As industries are more interested in patronizing non-toxic and ecofriendly inhibitors to preserve 

environment, two binary and a ternary blend have been formulated from 2-aminoethanesulphonic acid 

(2ASA) and some synergistic intensifiers. The blends have been demonstrated as efficient corrosion 

inhibitors in simulated pickling fluid for protection of J55 steel materials used in oilfield. Small 

concentration (10-3 M) of the base compound, 2ASA, was 96.4% efficient at 30 oC but far less efficient 

at high temperature (90 oC). Due to synergistic effects of the compounds used to formulate the blends, 

it was possible to record efficiency up to 87.8% at 90 oC for one of the blends containing potassium 

iodide (KI) and dipotassium hydrogen phosphate (DPHP). Adsorption of 2ASA molecules was 

spontaneous, exothermic and involves monolayer of physisorbed molecules on J55 steel surface as best 

approximated by Langmuir adsorption model. Tafel measurements confirm that 2ASA behaves as mixed 

type inhibitor with domino inhibitive influence on anodic half reaction. FTIR and EDAX studies confirm 

that adsorption of 2ASA is facilitated by N, S, and O functionalities. Formation of surface adsorbed 

2ASA film was visibly observed via scanning electron microscopy (SEM).  Inhibition efficiencies of 

2ASA were determined by weight loss, electrochemical impedance spectroscopy (EIS) and 

potentiodynamic polarization (PDP) techniques and results were consistent and comparable. 2ASA and 

its blends could find application as alternative ecofriendly corrosion inhibitors for pickling and similar 

acidizing operations in the oilfield.   
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1. INTRODUCTION 

Injection of acid into oil and gas formation is a recovery enhancement procedure aimed at either 

to pickle or clean the wellbore of scales and mineral deposits or to stimulating the well, dissolve 

formation rock to free trapped hydrocarbons and etching to open new flow channels. For this procedure, 

commonly referred to as acidizing, hydrochloric acid (HCl) is often used. Compared to other acids 

associated with oilfield acidizing job, HCl is relatively more cost effective and of low toxicity.  When 

deployed for pickling and washing of scales from pipework, it dissolves many inorganic scales and 

debris completely because many of them are soluble in HCl. When used for treatment of reservoir 

formation, the rate of dissolution of carbonate rocks by HCl is fast and complete reaction is achievable 

compared to other acids such as hydrofluoric and acetic acids. However, the adverse effect of using HCl 

is that it is very corrosive, hence it corrodes steel materials which it contacts during the process. In other 

words, while acidizing improves recovery, it creates the problem of corrosion which is expensive to 

manage and has resulted in increased production cost globally. 

Since continuing production using well acidizing intervention technique is more economical than 

abandoning the well to drill new ones, the acid is usually mixed with small concentrations of corrosion 

inhibitors to slow down the rate of corrosion. Corrosion inhibitors do not stop corrosion, and should not 

react with the acid, in order to sustain the acid in the live state for the pickling or acidizing jobs. Bearing 

these in mind, and other factors such as the cost of the inhibitor, its ready availability and impact on 

environment in terms of toxicity, various corrosion inhibitors have been designed from organic 

compounds [1-5] and extracts/isolates from plant materials [6-10] for various alloys. A feature usually 

considered when selecting an organic compound to be tested as corrosion inhibitor is the presence of 

some functionalities such as heteroatoms (O, N, S, and P), aromatic or heterocyclic rings and multiple 

bonds in its molecular structure [11, 12]. For plant materials, there are several classes phytocompounds 

including alkaloids, steroids, tannins, flavonoids, anthraquinones, terpenoids and polyphenols [13, 14] 

which are already rich in the functionalities listed above. 

The corrosion inhibitor acts by adsorption through its active sites on the active site on the alloy 

surface [15]. In the case of steel, which is mainly composed of iron, the interaction between the inhibitor 

species and the iron ions can be driven physical or chemical forces. It is necessary that the interactive 

force be strong enough to keep the inhibitor active at severely corrosive environments. For instance, in 

the oilfield, as the injected acid travels down the hole, increase in temperature increases the acid 

corrosion rate thus creating more sever corrosive environment. Many reported corrosion inhibitors are 

tested at room temperature [16] and some others not above 60 oC [17]. Thus, their efficiency at downhole 

conditions is not known. In this study, we investigated 2ASA as an alternative corrosion inhibitor for 

acidizing jobs such as acid wash and pickling which involves low concentration HCl. We have checked 

its performance at downhole conditions by simulating higher temperature environments up to 90 oC in 

the laboratory in aqueous phase. 
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Figure 1. Structure of 2ASA showing potential adsorption sites. 

 

2ASA is a bio-based material which contains most of the functional groups listed earlier 

associated with efficient corrosion inhibitors. The molecular structure of 2ASA is shown in Fig. 1. It is 

non-toxic and can be cheaply obtained from biological and human sources [18-20]. Its efficiency was 

tested at different temperatures using weight loss and electrochemical techniques. Surface 

characterization techniques were also used to study the extent of protection and mode of its interaction 

with the steel surface. The choice of J55 steel was motivated by its frequent use for construction of 

pipework and well structural materials in the oil and gas industry due to its corrosion resistant properties 

[21, 22]. 2ASA was also blended with some synergistic compounds, namely, potassium iodide (KI) and 

dipotassium hydrogen phosphate (DPHP) which are known compounds that act in synergy with organic 

corrosion inhibitors to intensify their efficiencies [23]. A commercial inhibitor is also tested under the 

same conditions to compare the efficiency with the new blends investigated. This study documents the 

efficiency of blends of 2ASA and synergistic compounds in laboratory simulated pickling solution at 

temperatures up to 90 oC in comparison with a commercially obtained corrosion inhibitor. 

 

 

 

2. MATERIALS AND METHODS 

2.1 Metal specimens and surface preparation 

Depending on the experiment used, different dimensions of J55 steel coupons supplied by 

Qingdao Tengxiang Instrument and Equipment Co. Ltd., China and the chemical composition was 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), Fe (balance). The coupons for gravimetric experiments were of dimension 2 cm x 

2 cm x 0.5 cm, for electrochemical measurements was 1 cm × 1 cm x 0.5 cm and for surface analysis 

examination was 2 cm × 1 cm x 0.5 cm. ASTM procedures were followed to prepare the steel surfaces 

[24] and in addition, the coupons for electrochemical measurements were finish to mirror surface using 

CC-22F P2000 grade.  
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2.2 Test solutions 

1 M HCl, prepared by diluting Analytical grade 37% HCl with distilled water according to 

dilution principle, was used as simulated pickling fluid. Industrial grade 2ASA supplied by Meyers Co. 

Ltd., China was prepared (as received, with no further characterization/purification) in the acid solution 

in the concentrations range of 1 × 10-4 to 10 × 10-4 M. The other synergistic compounds (KI and DPHP) 

were prepared to concentration of 1 x 10-4 M and blended with 2ASA in the ration 1:1.  

 

2.3 Gravimetric measurements 

Coupons were pre-weighed, immersed in the respective test solutions and their containers 

(covered) were placed in water bath maintained at 30 oC. After 5 h, they were retrieved and cleaned 

using ASTM G31 standard procedures, dried in air after rinsing in acetone [24]. Triplicates of the same 

experiment was conducted per test solution and repeated for other temperatures (50, 70 and 90 oC). The 

weight losses were used to calculate the average corrosion rate (𝐶𝑅) of iron given that its density is 𝜌 

(gcm-3), average surface area is 𝐴 (cm2) and immersion time is 𝑡  (h) according to Eq. 1 [23]. The 

corrosion inhibition efficiency (𝐸𝑊, %) and degree of surface coverage (θ) were calculated using Eq. 2 

and 3 respectively.   

𝐶𝑅 =
87.6(𝑚𝑜− 𝑚1)

𝜌𝐴𝑡
         (1) 

𝐸𝑊 = 100 (
𝐶𝑅𝑎−𝐶𝑅𝑖

𝐶𝑅𝑎
)         (2) 

𝜃 = 0.01𝐸𝑊          (3) 

where 𝑚𝑜 and 𝑚1 are the weights of the coupons before and after immersion in the test solutions, 

𝐶𝑅𝑎 and 𝐶𝑅𝑖  are the corrosion rates of steel in the acid and inhibited solutions. 

 

2.4 Electrochemical monitoring  

Electrochemical measurements were conducted using the Gamry ZRA (REF 600-18042) 

electrochemical workstation consisting of the conventional three electrodes set up (saturated calomel 

electrode (SCE) as reference electrode, platinium as counter electrode and J55 steel coupon as working 

electrode). Before the actual experiments, the steel electrode was left in the solution for 30 minutes to 

encourage corrosion to occur so that open circuit potential (OCP) can stabilize [25]. Impedance 

measurements (EIS) were conducted at frequency of 105 to 10-2 Hz at 30 oC. Voltage of -0.15 V to +0.15 

V vs. OCP at 0.2 mV/s scan rate was set for potentiodynamic polarization measurements [25]. Gamry E-

Chem software package was used for data fitting and analyses. Charge transfer resistance and corrosion 

current densities were used to calculate the inhibition efficiencies for EIS ( 𝐸𝐸 ) and PDP ( 𝐸𝑃 ) 

measurements according to Eq. 4 and Eq. 5 respectively [25]. 

𝐸𝐸 = 100 (
𝑅𝑐𝑡𝐼− 𝑅𝑐𝑡𝐵

𝑅𝑐𝑡𝐼
)         (4)  

𝐸𝑃 = 100(1 −
𝐼𝑐𝑜𝑟𝑟

𝑖

𝐼𝑐𝑜𝑟𝑟
𝑏 )         (5) 
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where 𝑅𝑐𝑡𝐵 and 𝑅𝑐𝑡𝐼  are measured charge transfer resistances without and with inhibitor 

respectively, and 𝐼𝑐𝑜𝑟𝑟
𝑏  and 𝐼𝑐𝑜𝑟𝑟

𝑖 are the measured corrosion current densities without and with inhibitor 

respectively. The magnitude of the double layer capacitance (𝐶𝑑𝑙) of the adsorbed film was calculated 

from constant phase element (CPE) constant (𝑌𝑜) and charge transfer resistance (𝑅𝑐𝑡) using Eq. 6 [25]. 

𝐶𝑑𝑙  = (𝑌0 𝑅𝑐𝑡
𝑛−1)

1

𝑛         (6) 

where n is a constant obtained from the phase angle given that (𝑗2 = −1)𝛼 and 𝑛 = 2α⁄(π ). 

 

2.6 FTIR spectroscopy 

Concentration of 2ASA used was 10 x 10-4 M ASA in 1 M HCl solution. The spectrum of the 

pure 2ASA sample (as supplied) and that of the film formed on J55 steel surface after 5 h immersion 

(both mixed with potassium bromide) were recorded. 

 

2.7 SEM-EDAX study 

Steel coupons polished as described above were used for this experiment. The SEM images were 

recorded in the vacuum mode before and after immersion in 1 M HCl for 5 h. This was repeated with a 

coupon immersed in HCl containing 10x10-4 M 2ASA solution. The instrument was operated at 5 kV. 

EDAX profiles of the J55 steel surfaces were equally also recorded. 

 

 

 

3. RESULTS AND DISCUSSION 

3.1 Corrosion inhibition by 2ASA  

Corrosion of J55 steel in the immersed solutions resulted in loss of its weight. The corrosion rate 

in 1 M HCl was 39.51 mmpy at 30 oC. When 2ASA was added, the corrosion rate decreased as can be 

observed in Table 1. The corrosion rate was as low as 1.42 mmpy at 10 × 10-4 M. With the inhibitor, 

corrosion rate decreased with increase in concentration, which implies increase in inhibitive effect of 

2ASA as its concentration increases. The highest concentration of 2ASA was 96.4 % efficient at 30 oC 

and compared closely with the commercial inhibitor tested in the control experiment at that temperature. 

 

3.2 Effect of temperature on inhibition efficiency  

For acidizing procedure, the corrosivity of the acid often increases as it moves downhole due to 

increase in temperature. The efficiency of 2ASA at increased temperature was investigated by increasing 

the temperature progressively to 50, 70 and 90 oC. It was observed that J55 steel corrodes at higher rate 

as temperature increases. The corrosion rate in 1 M HCl was 308.63 mmpy at 90 oC but reduced to 53.63 

mmpy in the presence of 10 × 10-4 M 2ASA. The inhibition efficiency of 10 × 10-4 M 2ASA decreased 



Int. J. Electrochem. Sci., Vol. 14, 2019 

  

8824 

from 96.4% at 30 oC to 82.6% at 90 oC perhaps due to its thermal degradation. The lower concentrations 

of 2ASA were less efficient as can be seen in the values displayed in Table 1.  

 

Table 1. Corrosion rate of J55 steel and inhibition efficiency of 2ASA inhibited 1 M HCl solution at 30 

– 90 oC. 

 

2ASA 

Concentration  

(10-4M) 

30 oC 50 oC 70 oC 90 oC 

𝑪𝑹 

(mmpy) 

𝐸𝑊 

(%) 

𝑪𝑹 

(mmpy) 

𝐸𝑊 

(%) 

𝑪𝑹 

(mmpy) 

𝐸𝑊 

(%) 

𝑪𝑹 

(mmpy) 

𝐸𝑊 

(%) 

0 39.5 - 98.6 - 182.9 - 308.2 - 

1 9.7 88.1 16.4 83.4 51.6 71.8 112.5 63.5 

2 3.8 90.3 13.1 86.7 42.1 77.0 91.2 68.8 

5 2.1 94.7 11.8 88.0 36.2 80.2 81.1 73.7 

10 1.4 96.4 8.7 91.2 21.4 88.3 53.6 82.6 

 

3.3 Effects of synergistic compounds 

It has been reported that PI, MC and CC can synergistically increase the efficiency of many 

organic corrosion inhibitors [23]. Based on this, 10 × 10-4 M 2ASA was blended with each of KI and 

DPHP in the ratio 1:1 to improve the inhibition efficiency especially at high temperatures. The binary 

blends were also tested under the same conditions with a commercial inhibitor (COM-INH) for 

comparison. The results (Table 2) show that all the blends were more efficient than 2ASA alone at all 

temperatures. Therefore, the compounds added all acted synergistically with 2ASA and the highest 

synergism was observed with KI. Improvement of efficiency of 2ASA by DPHP was better than KI at 

all temperatures. The ternary blend containing 2ASA, KI and DPHP in the ration 1:1:1 was more 

efficient especially at 90 oC and compared closely with the commercial inhibitor especially below 70oC. 

 

 

Table 2. Inhibition efficiency of 2ASA blended with some synergistic compounds. 

 

Formulation Inhibition efficiency at different temperatures 

Composition 30 oC 50 oC 70 oC 90 oC 

2ASA 99.4 94.0 89.6 82.6 

2ASA+KI 99.8 98.0 92.4 84.1 

2ASA+DHDP 99.8 98.4 92.7 85.6 

2ASA+DHDP+KI 

COM- INH 

99.9 

100.0 

99.2 

100.0 

93.8 

99.9 

87.8 

99.8 

 

 

3.4 Corrosion inhibitor adsorption 

The nature of adsorptive interactions between corrosion inhibitor molecules and the surface they 

protect is often predicted by plotting the surface coverage data as a function of concentration as provided 

by various adsorption isotherm models [26]. The fractional surface coverage values obtained in this 
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study were fitted into Temkin, Langmuir, Freundlich and El-Awady et al adsorption isotherms [27-29]. 

The highest values of R2 were obtained with Langmuir adsorption isotherm (Fig. 2) on linearizing the 

plots, hence the adsorption of 2ASA was explained based on this model. For adsorbate of concentration 

(C) condensing (adsorption) on and evaporating from (desorption) a surface with a fractional coverage 

(𝜃), if 𝐾𝑎𝑑𝑠 is the equilibrium constant relating the adsorption-desorption terms, the Langmuir equation 

for the adsorption is given in Eq. 7 [30]. The free energy of adsorption (∆𝐺𝑎𝑑𝑠) can be determined in 

terms of  𝐾𝑎𝑑𝑠 using Eq. 8 [28]. 
𝐶

𝜃
= 𝐶 +  

1

𝐾𝑎𝑑𝑠
          (7) 

∆𝐺𝑎𝑑𝑠 = −𝑅𝑇 ln(55.5𝐾𝑎𝑑𝑠)        (8) 

where 𝑅 is the universal gas constant, 𝑇 is the absolute temperature and 55.5 is the concentration 

of water. Adsorption parameters were calculated and are displayed in Table 3.  

 

Table 3. Some parameters for the adsorption of 2ASA on J55 steel surface immersed in 1 M HCl 

solution. 

 

Parameters 30 oC 50 oC 70 oC 90 oC 

Slope 0.98 1.1 1.2 1.3 

𝐾𝑎𝑑𝑠 (M-1) 7.8 2.7 1.1 0.7 

∆𝐺𝑎𝑑𝑠 (kJmol-1) -14.1 -13.5 -11.8 -10.4 

 

 
Figure 2. Langmuir adsorption isotherm for the inhibition of J55 steel corrosion in 1 M HCl using 

different concentrations of 2ASA at 30 – 90 oC.  

 

The slopes of the plots are very close to unity indicating that the adsorption of 2ASA follows the 

Langmuir model closely and that a monolayer of 2ASA molecules is formed. The slight differences in 

𝐾𝑎𝑑𝑠 from unity values at different temperatures indicate that there are slight interactions between 2ASA 

molecules and J55 steel surface. The strength of adsorptive binding of 2ASA to J55 steel evidenced in 

𝐾𝑎𝑑𝑠  values is seen to decrease as temperature increases. This trend suggests that the adsorption 
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mechanism is physical in nature and is also confirmed by the values of ∆𝐺𝑎𝑑𝑠 which are less negative 

than -20 kJmol-1 at all temperatures [26]. The adsorption is also spontaneous at all temperatures as 

evidenced in the negative values of ∆𝐺𝑎𝑑𝑠. These imply that the 2ASA molecules diffuse from the bulk 

fluid towards the steel surface on their own without any external influence. On reaching the proximities 

of the surface, they interact with surface molecules and form adsorbed protective film held to the surface 

via electrostatic or van der Waals forces. As temperature increases, the binding strength weakens and 

maybe desorption of some 2ASA occurs [31].   

 

3.5 Kinetic and thermodynamic study 

The logarithms of corrosion rate values were plotted against the reciprocals of absolute 

temperatures (Fig. 3) according to the linear form of Arrhenius equation shown in Eq. 9. The values of 

slope and intercept were used to calculate the activation energy and frequency factor for each test 

solution.   

 log 𝐶𝑅 = log 𝐴 −
𝐸𝑎

2.303𝑅𝑇
        (9) 

where 𝐴 is the Arrhenius pre-exponential or frequency factor and 𝐸𝑎 is the activation energy.  

It was found out that the magnitude of 𝐸𝑎  for 1 M HCl was lower than the its inhibited 

counterparts (Table 4). It has been reported that when the activation energy of the inhibited solution is 

greater than that of the uninhibited solution, as obtained in this study, the adsorption of the inhibitor 

follows physisorption mechanism [26]. This is in agreement with the prediction made from adsorption 

study and confirms physical adsorption mechanism.  

The corrosion rate values were also fitted into the classical thermodynamic equation (Eq. 10). 

Transition state plots of log(
𝐶𝑅

𝑇
) against inverse of temperature (1000/T) were constructed as shown in 

Fig. 4. Some thermodynamic parameters such as heat change (∆𝐻∗) and entropy change (∆𝑆∗) for the 

activation process were also calculated from the slope and intercept of the plots respectively and are also 

presented in Table 4.  

log(
𝐶𝑅

𝑇
) =  [(log (

𝑅

𝑁ℎ
) + (

∆𝑆∗

2.303𝑅
))] − (

∆𝐻∗

2.303𝑅𝑇
)     (10) 

The ∆𝐻∗ values are all negative which point to the exothermic nature of the adsorption process 

at all temperatures. In some published works, it is opined that when ∆𝐻∗ value is less than zero, physical 

adsorption occurs [32].  

 

Table 4. Activation parameters for the inhibition of J55 steel corrosion in 1 M HCl containing different 

concentrations of 2ASA at 30 - 90 oC. 

 

2ASA Conc 

(x 10-4 M) 

𝑬𝒂 

(kJmol-1) 

𝑨 

 

∆𝑯∗ 

(kJmol-1) 

∆𝑺∗ 

 (kJmol-1) 

0 38.2 7.9 x 106 -28.1 0.3 

1 48.7 3.3 x 107 -35.6 0.3 

2 53.3   9.8 x 107 -45.9 0.2 

5 55.7 8.5 x 108 -51.2 0.2 

10 64.3 3.1 x 1010 -52.5 0.2 
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Figure 3. Arrhenius plot for the corrosion of J55 steel in 1 M HCl without and with different 

concentrations of 2ASA at 30 – 90 oC. 

 

 
 

Figure 4. Transition state plot for the corrosion of J55 steel in 1 M HCl without and with different 

concentrations of 2ASA at 30 – 90 oC. 

 

Some authors also suggest that it is physisorption when ∆𝐻∗ values are less negative than -40 

kJmol-1; chemisorption if more negative than -100 kJmol-1; and a combination of both mechanisms if in-

between both limits [26]. The range of ∆𝐻∗ values obtained strongly supports physisorption mechanism 

with slight possibility of simultaneous physisorption and chemisorption at concentrations above 2 x 10-

4 M. Also, the values of ∆𝑆∗ reduce as concentration increases, implying that adsorption of more 2ASA 

molecules results in decrease in entropy of the entire (bulk) solution. 
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3.6 Electrochemical measurements 

As an alloy, J55 steel contains mainly iron and some other metals earlier stated.Different 

reactions could take place at the anode; a typical scheme is shown in Eq. 11. The oxidation reaction of 

Fe in the steel is depicted in Eq. 12. The cathodic reaction involves reduction of water followed by 

evolution of hydrogen (Eq. 13 -14) [33, 34]. 

Anodic reaction: 

𝑀(𝑠) →   𝑀𝑛+ + 𝑛𝑒−         (11) 

𝐹𝑒(𝑠) →  𝐹𝑒(𝑎𝑞)
2+ + 2𝑒−          (12) 

Cathodic reaction: 

2𝐻(𝑎𝑞)
+ +  2𝑒−  →  𝐻2(𝑔)                  (13) 

𝐻2𝑂 +  2𝑒−   →  𝐻+ + 𝑂𝐻                  (14) 

With potentiodynamic polarization measurement, control over the potential, which is the driving 

force, can be achieved, so as to quantify the current based in net change in reaction rate. The corrosion 

current density (𝐼𝑐𝑜𝑟𝑟), which is a kind of compromise current, and the corresponding compromise 

potential (𝐸𝑐𝑜𝑟𝑟) were determined after rationalizing the anodic and cathodic branches of the Tafel plots 

(Fig. 5). The Tafel cathodic (𝛽𝑐 ) and anodic constants (𝛽𝑎) alongside other associated parameters were 

also gotten and displayed in Table 5.  

 

Table 5. PDP parameters for J55 steel corrosion in 1 M HCl without and with different concentrations 

of 2ASA. 

 

Parameters 1 M HCl 1 x 10-4 M 2 x 10-4 M 5 x 10-4 M 10 x 10-4 

M 

𝛽𝑎 (mV/decade) 113 95 93 99 91 

𝛽𝑐 (mV/decade) 88 86 87 88 90 

𝐼𝑐𝑜𝑟𝑟 (μA) 818 147 113 83 64 

𝐸𝑐𝑜𝑟𝑟 (V) -0.472 -0.471 -0.467 -0.465 -0.463 

ℇ𝑃𝐷𝑃 (%) - 82 86 90 92 

 

The value of 𝐼𝑐𝑜𝑟𝑟  obtained was found to decrease with increasing 2ASA concentration. The 

highest value of 𝐼𝑐𝑜𝑟𝑟 was obtained in uninhibited 1 M HCl solution. This may be as a result of formation 

of adsorbed thin film of 2ASA on the steel surface. The values of 𝐸𝑐𝑜𝑟𝑟 also obtained in the uninhibited 

acid was found to be more negative compared to values obtained from the inhibited solutions. Thus, 

there was a displacement of 𝐸𝑐𝑜𝑟𝑟 towards more positive values. This behavior is usually characteristic 

of the anodic class of corrosion inhibitors [35]. This anodic class of corrosion inhibitors often show 

dominant influence on the partial anodic reaction. The influence on anodic reaction is associated with 

slowing down of oxidation/corrosion rate of the steel through loss of electrons. However, to be sufficient 

for categorizing as anodic or cathodic inhibitor, the displacement in 𝐸𝑐𝑜𝑟𝑟 needs to be up to a maximum 

of -85 mV for the inhibited solution when compared to the uninhibited corrodent [36]. Since the 

displacement obtained for 2ASA was not up to this benchmark, 2ASA can be viewed to act as mixed 

type inhibitors but with anodic predominance.  Acting that way, the compound has inhibiting influence 
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on both inhibits both the iron dissolution (anodic) reaction and hydrogen production (cathodic) half 

reaction, but with greater influence on inhibiting iron oxidation. This often occurs by mechanism of 

inhibition which may be controlled by activation or diffusion.  

 

 
 

Figure 5. Potentiodynamic polarization curves for J55 steel corrosion in I M HCl without and with 

different concentrations of 2ASA.  

 

EIS data obtained were directly used in constructing the Nyquist plots shown in Fig. 6. The 

shapes of the plots were imperfect depressed semicircles and this shape was same without and with 

inhibitor, showing that corrosion mechanism is the same in all the test solutions. The size of diameters 

of the plots increased proportionately with the concentration of the ASA which shows that concentration 

has effect on the corrosion inhibition efficiency. The observed imperfection. It can also be inferred from 

the shape of the graph that the surface of electrode (though polished) were either rough or inhomogeneity 

of the steel surface [37, 38]. The appearance of a single capacitive loop indicates that the corrosion 

mechanism is controlled by charge transfer process. 

The 𝑅𝑠 (𝑅𝑐𝑡∅𝐶𝑃𝐸) equivalent circuit (Fig.7) model was used to fit the experimental data and good 

fitness (in orders of 10-4) was obtained, indicating good correlation with the model used. The constant 

phase element (CPE) is used to compensate surface roughness or inhomogeneity of the steel [39]. The 

CPE can be estimated using 𝑌0 and 𝑛, related to impedance by Eq. 15: 

𝑍𝐶𝑃𝐸= =  (𝑌0)−1(𝑗𝑤)−𝑛      (15) 

where 𝑍𝐶𝑃𝐸 is the impedance of the CPE, 𝑌0 is the CPE constant, 𝑤 is the angular frequency. 

Some EIS parameters calculated are presented in Table 6.  

The values of 𝑛 increases when the inhibitor concentration increases, perhaps due to surface 

roughness of the steel is increased by adsorption of 2ASA [40]. The CPE could be considered as not 

being a pure or single resistance, capacitance or inductive element, but a relative and/or integrated 

influence of all these. Adsorption of more inhibitor molecules as its concentration increases results in 

decrease in double layer capacitance, and shows increase in dielectric nature within the electrode-water 
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interface. The Bode modulus and phase angle plots (Fig. 8) show distinct regions corresponding 

capacitance and charge transfer resistance. A close look at the trend of inhibition efficiency values 

reveals a consistent measurement and well as comparable values as obtained with PDP measurements.  

 

Table 6. EIS parameters for J55 steel corrosion in 1 M HCl without and with different concentrations of 

2ASA.  

 

EIS Parameters 1 M 

HCl 

1 x 10-4 M 2 x 10-4 M 5 x 10-4 M 10 x 10-4 M 

Rct (Ωcm2) 128.6 781.4 1099.2 1581.3 1672.8 

Rs (Ωcm2) 1.022 1.116 1.137 1.211 1.227 

Yox10−6 (Ω−1sncm−1) 162.8 144.0 153.3 142.5 144.8 

𝑛  0.825 0.831 0.840 0.859 0.878 

Cdl x10-9 (F) 141.7 77.8 55.1 30.3 12.7 

εwl (%) - 83.5 88.3 91.8 92.3 

 

 

 

 

Figure 6. Nyquist plots for J55 steel corrosion in I M HCl without and with different concentrations of 

2ASA.  

 

 
 

Figure 7. Equivalent circuit used for EIS data analyses 
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Figure 8. (a) Bode modulus and (b) phase angle plots for J55 steel corrosion in I M HCl without and 

with different concentrations of 2ASA. 

 

3.7 FTIR studies 

 
 

Figure 9. FTIR spectral profile of pure 2ASA and adsorbed film of 2ASA after immersion of J55 steel. 
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the adsorbed film, which indicates that they may have been involved in the adsorption process. It is also 

possible that their participation in the adsorbed film may have caused their modification to the new peak 

found around 1380 cm-1 in the spectrum of the adsorbed film. Also, the prominent peaks at 1510 cm-1 

and 1620 cm-1 are assigned to asymmetric -NH2 bending vibrations while the one at 3250 cm-1 is assigned 

to -O-H or -NH2 vibrations. These peaks are less prominent in the spectrum of the surface film. It can 

therefore be inferred from this results that the sites involved in the adsorption of 2ASA on J55 steel are 

N, S, and O present in the 2ASA structure.   

 

3.8 SEM/EDS characterization 

To observe the extent of protection of the steel surface by 2ASA, the morphology of J55 steel 

surface immersed in 1 M HCl without and with 10x10-4 M 2ASA was checked using SEM [44]. Without 

2ASA, the steel experienced great corrosive damage with several pits in the acid solution as shown in 

Fig. 10 (a). However, in the presence of 2ASA, the surface is not as damaged as seen in Fig. 10 (b). This 

supports that 2ASA forms a protective film (somehow visible in the image) and inhibits the corrosion of 

the steel in the acid solution.  

The elemental composition of the steel surface was also checked by EDS in 1 M HCl without 

and with 2ASA and results show differences in the amounts of N, S and O. EDS profiles before and after 

corrosion inhibition is shown in Fig 11 while the amounts of elements found on the steel surface is given 

in Table 7. It was observed that without 2ASA, the surface was composed of mainly Fe, C and O. But 

on addition of 2ASA, the amount of Fe decreased while the percentages of C and O increased and S and 

N were seen in addition.  It can be stated from this that the adsorption involves these sites, hence EDS 

results agrees with FTIR results.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. SEM micrographs of J55 steel surface in (a) 1 M HCl and (b) 1 M HCl containing 2ASA.  
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Figure 11. EDS profiles of J55 steel surface in 1 M HCl (left) and 1 M HCl containing 2ASA (right).  

 

Table 7. Elemental composition of J55 steel surface immersed in 1 M HCl without and with 2ASA 

determined by EDS. 

 

Element Absence of GLT  Presence of GLT  

 Wt % At % Wt % At % 

C 14.78 32.36 15.03 35.03 

O 09.16 19.08 11.92 20.64 

N - - 01.30 03.86 

S - - 01.42 02.75 

Fe 76.14 48.56 70.33 37.72 

 

 

 

4. CONCLUSIONS 

2-aminoethanesulphonic acid (2ASA) and three blends prepared from it were investigated as 

corrosion inhibitor for J55 steel in simulated oilfield pickling fluid. All the inhibitor blends were more 

efficient at high temperatures up to 90 oC except 2ASA single inhibitor system.  Potassium iodide and 

dipotassium hydrogen phosphate enhanced the performance of 2ASA by synergistic effects. The 2ASA 

molecules adsorbed on J55 steel spontaneously and exothermically by forming physisorbed monolayer. 

Tafel study shows that 2ASA behaved as mixed type inhibitor with domino inhibitive influence on 

anodic half reaction. Adsorption of 2ASA is facilitated by N, S, and O functionalities as checked by 

FTIR and EDS studies. The inhibitor blends so formulated could be used as alternative ecofriendly 

corrosion inhibitors for pickling and similar oilfield acidizing operations.   
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