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1. Introduction 

Corrosion of pipelines (mild steel) used in the oil and gas industry during mining process due to the presence of 

CO2  gas has been acknowledged as  a serious problem for long time. This gas is known to react with water to 

produce corrosive carbonic acid which corrodes the inside surface of the pipelines [1,2]. It was reported that 

carbonic acid is more aggressive than hydrochloric acid at the same pH [3], and for this reason CO2 corrosion 

has been a recognized problem in oil and gas production and transportation facility for many years [4-6]. 

Corrosion on the outer surface of the pipeline can be overcome by coating and /or cathodic protection, while the 

inner surface can be controlled by the addition of corrosion inhibitors. The use of corrosion inhibitors is an 

effective method for controlling acid corrosion including carbon dioxide corrosion [7-9] and the development of 

new corrosion inhibitors remains the focus of investigations. Various chemicals have been used for protection of 

metals against corrosion by carbon dioxide [9-20]. The use of polymer or oligomer of 4-vinylpyridine as 

corrosion inhibitor of various metals in various media has been reported in previous studies [20-26]. Ilim et al 

[20] reported that oligomer of 4-vinylpyridine, O(4-VP), protected the mild steel from carbon dioxide corrosion 

effectively, while the monomer 4-vinylpyridine promoted the corrosion. Because of its saturated molecular 

structure and its basics strength, oligomer of 4-vinylpiperidine, O(4-VPP) is presumed as a  good  corrosion 

inhibitor, and for this reason, the present study focuses on the use of O(4-VPP) for protection of mild steel from 

carbon dioxide corrosion. O(4-VPP) is not available commercially and data relating to this compound was not 

readily available, so the O(4-VPP) was synthesized by hydrogenation of O(4-VP). The oligomer product was 
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Abstract 

Oligomer of 4-vinylpiperidine, O(4-VPP),  synthesized by hydrogenation of oligomer 4-

vinylpyridine, O(4-VP), was tested as a corrosion inhibitor to protect mild steel in brine 

solution saturated by carbon dioxide (CO2).  Weight loss (wheel test), electrochemical 

impedance spectroscopy (EIS), and linear polarization (LP) measurements were used to 

determine the corrosion rates and the efficacies of the synthesized O(4-VPP).  Weight 

loss experiments were carried out at temperature of 50 
o
C, in two different conditions, i.e 

without and with kerosene addition, while the other two techniques were applied only in 

brine solution without kerosene. Weight loss experiments demonstrated that the % 

protections of the synthesized inhibitor with the concentration of 10 mg L
-1

 are 62.7±9.9 

% in the absence of kerosene, and 58.1±1.6 % in the presence of kerosene. Based on the 

significant test, % protections of O(4-VPP) in brine solution with and without kerosene 

are not significantly different.  EIS experiments were carried out at fixed temperature of 

70 
o
C, and the results indicate that addition of 1 mg L

-1
 of O(4-VPP) to brine solution led 

to increased charge transfer (Rct) from 21.8 Ω cm
2
 to 49.9 Ω cm

2
, and with addition of 2 

mg L
-1

 led to increased Rct up  to 90.9 Ω cm
2
, confirming the ability of the inhibitor to 

significantly decrease the corrosion rate of the mild steel investigated.  To assess the 

effect of temperatures, the LP experiments were run at different temperatures of 30, 50, 

and 70 
o
C in the concentration range of inhibitor from 0 to 20 mg L

-1
.  The results 

demonstrated that the higher the temperature and concentration, the higher the protection 

exhibited by the inhibitor suggesting that the inhibitor of O(4-VPP) was adsorbed onto 

surface of the mild steel through chemisorption supported by the adsorption 

thermodynamic parameters. 
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tested as corrosion inhibitor of mild steel in brine solution saturated carbon dioxide with / without kerosene. 

Weight loss and electrochemical methods were used to determine the effectiveness of O(4-VPP) as a corrosion 

inhibitor. 

 

2. Experimental details 

2.1. Materials and Apparatus  

Materials used were 4-vinylpyridine (AR) from Merck, methanol (AR) from Merck, milli-Q water produced in 

our laboratory , H2O2 (AR) from Merck, platinum oxide (AR) from Merck, glacial acetic acid (AR) from Merck, 

NaCl (AR) from Merck, NaHCO3 (AR) from Merck, and food grade CO2 gas from local supplier. 

Laboratory instruments used were rotary evaporator, Heidolph rotator,  balance/ weighting, wheel oven 

manufactured by Detailed Design, Texas,  Pine Model MSRX electrode rotator,  digital hot plate, EG&G Model 

5210 Lock-in Amplifier and 273A Potentiostat controlled by EG&G Model 398 Electrochemical Impedance 

Software, Version 1.26, EG&G Princeton Applied Research Model 273A Potentiostat and EG&G Model 314 

Multiplexer. 

 

2.2 Preparation of solutions 

Brines solution 3 % (w/v) as a corrosion electrolyte was prepared by dissolving 30 g NaCl and 100 mg NaHCO3 

in 1 L milli-Q water.  To saturate the electrolyte with CO2 gas, the gas was purged into the electrolyte at a rate 

of approximately 150–200 mL min
-1

 and atmospheric pressure. Inhibitor solution with the concentration of 

10,000 mg L
-1

 in ethanol was freshly prepared prior to corrosion inhibition experiments. 

 

2.3 Preparation of testing sample  
Mild steels (coupon and cylindrical electrode) used in this experiment were SAE/AISI Grade 1022 according to 

AS 1443.  According to spectrographic analysis, the sample contain 98.87% Fe and a series of minor 

components  with varied amounts, include   C (0.22%), Mn (0.74 %), Si (0.02 %), S (0.014 %), P (0.02 %), Ni 

(0.05 %), Cr (0.04 %), Mo (<0.01 % ), Cu (<0.01 % ), Al (<0.01 %).  For weight loss experiment, a coupons (2 

x 1 x 0.1) cm was prepared by sand blasting a sheet of mild steel with garnet (size 0.89 mm) and cut to size 

using a guillotine.   Before use, the coupon was degreased by immersing in ethanol and then sonicated for two 

minutes, and then dried. The dimension and the weight of the sample were accurately measured using 

micrometer and four-digit analytical balance respectively.  A mild steel cylinder electrode with the surface area 

of 3.02 cm
2
 , to be used as a working electrode in  linear polarization measurements, 

 
was polished with silicon 

carbide paper of grade 360, 400, 600 and 800  on a Heidolph rotator (rotated at 750 rpm), using ethanol as a 

lubricant.  

 

2.4 Synthesis of O(4-VP) 

A reaction mixture was prepared by mixing 50 g (0.48 mol), 4-vinylpyridine as monomer,  125 mL  methanol 

125 mL water, and 37.40 mL (0.33 mol) H2O2 as an initiator. The mixture was heated to reflux for 2 – 10 hours. 

After the completion of the reaction, the solvent was removed by using a rotary evaporator followed by high 

vacuum distillation to isolate the product. The synthesis of O(4-VP) has been reported in previous work [20]. 

 

2.5 Synthesis of O(4-VP) 

The synthesis was carried out by reacting 25 g O(4-VP) and platinum oxide (1-2 g) in 150 mL glacial acetic 

acid.  The reaction was run for 24 hours at room temperature under 40-60 p.s.i. of hydrogen.  After the 

completion of the reaction, the mixture was subjected to rotary evaporation to separate the product from the 

solvent, and the product was tested as corrosion inhibitor without further treatment.  

 

2.6 Weight Loss Measurement 

Weight loss measurement was commenced to investigate the efficacy of the synthesized inhibitors, with 

particular purpose to compare the performance of the inhibitors in brine solution without and with kerosene 

addition.  For this purpose, two sets of experiments were carried out with 3 replications (triplicates).  In the first 

set, test solution consists of brine solution only (without kerosene) and the second set consists of brine solution 

with kerosene. Each set was conducted to determine corrosion rate by weight loss measurements with and 

without corrosion inhibitor. In the first set, each of six test bottles was filled by 175 mL of brine solution, and 

three of them were added by inhibitor O(4-VPP) with concentration of 10 mg L
-1

. In the second set of the 

experiment, each of six samples made up 140 mL brine solution and 35 mL kerosene were treated similarly as in 

the first set. Initially the coupons were placed in test bottle and purged for 45 minutes with CO2 gas (at about 
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250 mL min
-1

), and the test bottles were capped with crown seals and finally placed in a rotated wheel oven at 

50 
o
C for 24 hours. After the completion of the experiments, the bottles were removed from the oven, and the 

coupons were removed and immediately placed in Clarke's solution (a solution composed of 2% of Sb2O3 and 

5% SnCl2, dissolved in concentrated HCl) for 45 seconds in order to remove the corrosion product from the 

surface. The coupon was dipped into water for about 5 seconds and into ethanol for another 5 seconds, and then 

dried and accurately weighed. 

To calculate weight loss (W), corrosion rate (CR), and the inhibition efficiency (%P), the following equations 

were used.  

    

   W  =  W(i) – W(t)                        (1) 

 

                   (2) 

x100%
)-(

%
o

io

CR

CRCR
P                    (3) 

  

Where W = weight loss (gram), W(i) = initial weight, W(t) = end weight, CR = corrosion rate (mmy
-1

 = millimeter 

per year), A = area of coupon (cm
2
), D = density of metal (g cm

-3
), equal to 7.86 g cm

-3
 for carbon steel, t = time 

of exposure (days), %P = persen protection, CR0 = corrosion rate without inhibitor and CRi = corrosion rate with 

inhibitor. 

 

2.7. Electrochemical Measurements 

Electrochemical measurements were carried out using the experimental set-up that has been used in previous 

studies [20, 27, 28] as shown in Figure 1, used for EIS and LP analyses.  
 

 

 

 

 

   

 

 

 

 

 

 

 

  

 

 

 

 
 

 

Figure 1: Cell assembly used for electrochemical measurements 

To commence the experiment, the electrochemical cell (reaction vessel) was filled with 500 mL of brine 

solution and then saturated with CO2 by purging the gas into the chamber for approximately 45 minutes.  The 

purging with CO2 at feeding rate of 100 mL min
-1

 was maintained until the experiment was completed.  The pH 

of the solution was found in the range of 4.0 – 5.0.  The working electrode (sample) was assembled and fitted to 

the end of the threaded shaft that was connected to a Pine rotator. A platinum gauze auxiliary electrode, 

Ag/AgCl reference electrode, and thermocouple were placed in the cell, and then the cell was heated on a digital 

hot plate at specified temperatures of 30, 50, and 70 
o
C, regulated by a thermocouple.   The working electrode 

was inserted and operated at a speed of 1000 rpm through connection to a Pine Model MSRX electrode rotator. 

The rotating electrode with speed of 1000 rpm was chosen for simulating turbulent flow conditions related to 

data obtained in real life system [28-30].  
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EIS measurements were performed using an EG&G Model 5210 Lock-in Amplifier and 273A Potentiostat 

controlled by EG&G Model 398 Electrochemical Impedance Software, Version 1.26. Impedance data were 

obtained using an AC voltage of 5 mV (RMS) over a frequency range of 10
5
 – 10

-2
 Hz, with 8 points per decade.  

For linear polarization (LP) measurement, the electrochemical cell was connected to an EG&G Princeton 

Applied Research Model 273A Potentiostat and EG&G Model 314 Multiplexer, connected a computer equipped 

with EG&G Model 352 Corrosion Software, version 2.10 to control the process. The working electrode was 

polarized from +10 mV to -10 mV with respect to the corrosion potential using an anodic scan of 0.1 mV s
-1

.  

This means that data collection was carried out every 200 seconds.  The polarization resistance was determined 

from the ensuing potential current plot, and converted to a corrosion rate by using Tafel method assuming the 

slope of βa,c = 100 mV/decade, which is the value specified for the instrument used for measurement, since Tafel 

measurement was not conducted.  A blank measurement, with no inhibitor, was completed before inhibitor was 

added using a micro-pipette (0.1-0.2 mL). Eight LP measurements were completed for the blank and each 

inhibitor concentration, and last three readings were averaged to give a steady state corrosion rate. The 

experimental work was done at various temperatures.   

The inhibition efficiency (%P) was calculated by using Equation 3 [18,20 ] for LP data and Equation 4 [31] for 

EIS data: 

 100%x 
)(

P %
)(

)()(

ict

octict

R

RR 
        (4) 

Where % P is inhibition efficiency in term of percent protection, Rct(i) is charge transfer resistance with inhibitor 

and Rct(o) is charge transfer resistance without inhibitor.  

 

3. Results and Discussion 

3.1 Synthesis of Oligomers 

Monomer (4-VP), H2O2 and solvent, if combined in a suitable manner, will lead to polymerization. H2O2 can be 

added to the solvent-monomer mixture, monomer may be added to solvent-H2O2 mixture and H2O2 and 

monomer can be added to the solvent, or all can be changed simultaneously. A process for producing a linear 

PVP involved reacting one or more VP monomers in a solvent including alcohol and water in the presence of a 

catalytic amount of hydrogen peroxide, so as to polymerize the monomer or monomers to form the oligomer. As 

reported by Ilim et al [20] that product of oligomer 4-VP characterized by MALDI-TOF MS gives a molecular 

weight formula of:  (105) n + 32 +1, where 105 is the mass of repeating unit, n is the number of repeating units 

(n=2-22), 32 is the combined mass of the end groups and 1 is the mass of one proton (attached during 

ionization). Using this formula, the clusters of peaks observed in the mass spectrum were correlated with their 

corresponding number of repeating units. The O(4-VP) was hydrogenated by using a platinum oxide catalyst, to 

produce oligomer 4-vinylpiperidine assigned as O(4-VPP).  Furthermore, the oligomeric product synthesized 

was tested the efficacy as a carbon dioxide corrosion inhibitor.  

 

3.2 Weight Loss Measurement 

Gravimetric method (weight loss) is a quantitative analysis relies on the process of weighing. This method is 

used to determine the corrosion rate and percent protection of inhibitor based on the calculation of the weight 

loss of the mild steel sample. The weight loss also known as wheel test was used as a screening method to 

evaluate the potential of corrosion inhibitor.  The wheel test results carried out for the O(4-VPP) are shown in 

Table 1 and Figure 2. 

The concentration of the inhibitor for weight loss experiments was fixed at 10 mg L
-1

, since this experiment is 

basically carried out as a screening test, to justify whether the compound synthesized exhibits corrosion 

inhibition activity as expected.  Experimental data in Table 1 represent the weight loss of the samples subjected 

to solutions with different compositions, and the weight loss values were calculated using Equation 1, and 

corrosion rate using Equation 2 with the results as compiled in Figure 2.  Figure 2a represents the results in term 

of corrosion rate of the sample subjected to different experimental conditions.  As can be seen, the use of 

inhibitor significantly decreased the corrosion rates, i.e. from 3.35 to1.25 mmy
-1

 in the experiment without 

kerosene and from 3.46 to1.45 mmy-1 in the experiment with kerosene. Percent protection was calculated from 

corrosion rate data using Equation 3, and the results are shown in Figure 2b. As can be seen in Figure 2b, 

kerosene promoted corrosion rates, resulted in lower protection offered by the inhibitor, in which the protection 

of 62.7±9.9 % was observed for the experiment without kerosene and reduced to 58.1±1.6 % for the experiment 

with kerosene addition. These results suggest that the ability of O(4-VPP) to protect the sample in medium 

containing kerosene is less than that in brine solution only. The effect of kerosene to reduce the inhibition 
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capacity of inhibitors has been reported by others using various inhibitors in different media [32,33]. To 

evaluate the both % protections, significant test was used. The significant test shows that the results of 

experimental t (tex) = 0.78 and critical or table t (t0.95) = 2.92. Based on the significant test, % protections of 

O(4-VPP) in brine solution with and without kerosene are not significantly different.  

                   

Table 1: Weight loss with the use of O(4-VPP) 10 mg L
-1

 in presence and absence of kerosene in rotated wheel  

oven at 50
o
C for 24 hours                                               

 

No 

 

Composition 

Coupon dimension 

(cm) 

A 

cm
2
) 

Coupon weight 

 (g) 

CR 

(mm y
-1

) 

Av CR 

(mm y
-1

) 

L Wd T Wi Wt W 

1 B 2.017 1.043 0.119 4.936 1.9018 1.8678 0.034 3.20  

2 B 2.022 1.019 0.120 4.851 1.8704 1.8341 0.036 3.48 3.35±0.15 

3 B 2.013 1.032 0.120 4.883 1.8766 1.8412 0.035 3.37  

4 B + K 2.013 1.036 0.120 4.903 1.9043 1.8684 0.036 3.40  

5 B + K 2.017 1.038 0.119 4.914 1.8953 1.8585 0.037 3.48 3.46±0.06 

6 B + K 2.006 1.006 0.120 4.759 1.8313 1.7953 0.036 3.51  

7 B + I 2.023 0.980 0.121 4.692 1.7995 1.7888 0.011 1.06  

8 B + I 2.023 0.982 0.121 4.700 1.8008 1.7863 0.015 1.43 1.25±0.19 

9 I + B 2.031 0.981 0.118 4.696 1.8239 - - -  

9 B + K +  I 2.036 0.991 0.120 4.762 1.8342 1.8193 0.015 1.45  

10 B + K +  I 1.965 1.016 0.121 4.714 1.8114 1.7970 0.014 1.42 1.45±0.03 

11 B + K +  I 1.996 1.016 0.120 4.779 1.8412 1.8260 0.015 1.48  

Note: B= brine solution, K= kerosene, I= inhibitor O(4-VPP) 10 mg L
-1

, L= length, Wd= width,  

          T= thickness, A=coupon area, Wi= initial weight, Wt= final weight, W= weight loss,  

          CR= corrosion rate, Av CR= average corrosion rate                                       
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Figure 2: Corrosion rates (a) and % protections (b) of B (brine solution), B+I (brine solution + inhibitor, B+K 

(brine solution + kerosene) and B+K+I (brine solution+ kerosene + inhibitor) obtained by weight loss 

measurements in rotated wheel oven at 50
o
C for 24 hours 

3.3 Electrochemical Measurement Results  

Electrochemical measurements used in this research are electrochemical impedance spectroscopy (EIS) and 

linear polarization (LP). The EIS and LP experiments were conducted in-situ experiments, so mild steel samples 

(working electrodes) were immersed and data were collected during the experiments. 

 

3.3.1 EIS Results 

Before running the experiments with O(4-VPP), a series of experiments was run with blank solution, i.e. brine 

solution saturated with CO2 gas, and tested for different temperatures of 30, 50, and 70 
o
C, with the main 

purpose to evaluate the effect of temperatures on charge transfer resistance (Rct). The EIS data are presented as 

Nyquist plot, constructed by plotting the real impedance (Zr) against imaginary impedance (Zi), and the results 

obtained are presented in Figure 3. 
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The Nyquist plots obtained at open-circuit potential (OCP) in ~ -700 mV indicated that there were only one time 

constant, and the system could be described by one-time constant model which consists of electrolyte resistance 

(Rs), charge transfer resistance (Rct), and double layer capacitance as shown in Figure 4. Table 2 lists the circuit 

parameters which were obtained from the analysis of impedance spectra in Figure 3. 

 

0 10 20 30 40 50 60

0

10

20

30

40

50

60

 

 

 -Z
i (


.c
m

2
)

Z
r
 (.cm

2
)

 Blank at 30 oC

 Blank at 50 oC

 Blank at 70 oC

 

0 20 40 60 80 100
0

20

40

60

80

100

 

 

-Z
i(

.c
m

2
)

Z
r
(cm

2
)

 Blank

 O(4-VPP) 1 mg.L
-1

 O(4-VPP) 2 mg.L
-1

EIS O(4-VPP) at 70 
o
C

 

(a)                                                                            (b) 

Figure 3: The Nyquist plots of (a) brine solution (blank) at 30, 50 and 70 
o
C and (b) blank and O(4-VPP) at 

various concentrations of 1 and 2 mg L
-1

 at 70
o
C 

 

 
 

Figure 4: Equivalent circuit model used in the fitting of impedance data for the studied inhibitor 
 

Table 2: Circuit parameters which were obtained from the analysis of impedance spectra in Figure 3 and %  

 protections of O(4-VPP) 

Composition of 

solution 

Temperature 

 (
o
C) 

Rs  

(Ω cm
2
) 

Rs + Rct  

(Ω cm
2
) 

Rct  

(Ω cm
2
) 

% P 

Blank 30 8.1 56.5 48.4 - 

Blank 50 2.9 36.6 33.7 - 

Blank 70 2.8 24.8 22.0 - 

Blank 70 1.4 23.2 21.8 - 

O(4-VPP) 1 mg L
-1

 70 1.4 51.3 49.9 56.3 

O(4-VPP) 2 mg L
-1

 70 1.4 92.3 90.9 76.0 
 

As can be seen, the results indicate very significant effect of temperatures on the corrosion rates in term of 

charge transfer resistance (Rct), in which the larger the Rct, the lower the corrosion rate.   In Figure 3a and Table 

2, the Rct for the experiment run at 30 
o
C is 48.4 Ω cm

2
, and decreases to 33.7 Ω cm

2
 at 50 

o
C, and to 22.0 Ω cm

2
 

at 70 
o
C. As expected, the figure shows that the Rct value of the solution at 30 

o
C is higher than those for 50 

o
C 

and 70
o
C, confirming that the corrosion rate increases with increasing temperature.  Figure 3a also displays 

significantly higher electrolyte resistance (Rs) obtained for the experiment conducted at 30 
o
C than those 

observed for the experiments at higher temperatures.  The activity of the solution is low at lower temperature 

related to high the resistance (Rs) and low the corrosion rate, while at higher temperature, the solution has high 

activity, low the Rs and high the corrosion rate. 

As reported by previous researchers [33] that Rct of brine solution at 70 
o
C was found 18 to 22 Ω cm

2
, indicating 

that the results obtained in this present study are in agreement with the results reported by others.  In general, it 

can be seen that at low concentrations, the inhibitor has exhibited high protection, and therefore low 
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concentrations (0-2 mg L
-1

) were selected for EIS experiments. Taking the temperature at which the corrosion 

rate is the highest into consideration, the EIS measurements with the O(4-VPP) as corrosion inhibitor were 

carried out at 70 
o
C.  The EIS measurements were carried out with two concentrations of the inhibitor (1 and 2 

mg L
-1

), against the blank solution, which is the brine solution only. The Nyquist plots produced are presented 

in Figure 3b. 

The results presented in Figure 3b and Table 2 demonstrated significant effect of inhibitor in decreasing the 

corrosion. As can be seen, the use of inhibitor led to significant increase of the Rct as compared to the Rct of the 

blank solution.  In addition, the significant effect of concentration is also demonstrated by the results, in which 

with the use of 1 mg L
-1

 of O(4-VPP) to brine solution, the charge transfer (Rct) increased sharply 21.8 to 49.9 Ω 

cm
2
, and with the use of  2 mg L

-1
 inhibitor, the Rct increased to  90.9 Ω cm

2
.  By using Equation (4), the ability 

of the O(4-VPP) to protect the sample was calculated in term of % protection, giving the value of 56.3 % with 

the use of 1 mg L
-1

 inhibitor and  76.0 % with the use of  2 mg L
-1

.  These results are in accordance with the 

results obtained using weight loss measurement as has been discussed.  

 

3.3.2 LP Results 
LP measurements were carried out using concentrations of O(4-VPP) ranging from 0 to 20 mg L

-1
, and the 

results obtained are presented in Figure 5. Figure 5a presents a plot of the corrosion rate as a function of O(4-

VPP) concentration and Figure 5b presents a plot of percent protection as a function of O(4-VPP) concentration 

at various temperatures.  
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Figure 5: Corrosion rate (a) and % protection (b) of O(4-VPP) at various concentrations and temperatures 
 

Table 3: The comparison result of % Protections of O(4-VPP) by using different methods 

Method Concentration  

(mg L
-1

) 

Temperature 

 (
o
C) 

% P 

Weight Loss 10 50 62.7 

 

EIS 

1 70 56.3 

2 70 76.0 

 

 

 

 

LP 

5 30 30.9 

10 30 46.3 

20 30 53.4 

5 50 56.9 

10 50 69.5 

20 50 75.0 

5 70 84.6 

10 70 91.0 

20 70 91.9 

 

As shown in Figure 5(a), the use of inhibitor at concentration of 5 mg L
-1

 resulted in obvious reduction of 

corrosion rate at the three temperatures applied.  It was also found that addition of more inhibitor continued to 

reduce the corrosion rate of the samples, with the highest reduction was observed for the use of 20 mg L
-1
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inhibitor and the temperature of 70 
o
C.   Based on the corrosion rate data in Figure 5a, the data showing effect of 

concentration at different temperatures on % protection are presented in Figure 5b, which indicate that the 

higher the concentration the better the protection. This LP results were compared by EIS and weight loss results 

as compiled in Table 3. 

In addition, it can be seen that at the same concentration, the protection offered by the inhibitor is higher at 

higher temperature.  This phenomenon suggests that the mechanism of inhibiting is a chemisorption rather than 

physisorption of the inhibitor on the surface of mild steel, as has been suggested by others [9,20,27,28]. 

Adsorption isotherms can be used to characterize the mechanism of adsorption of O(4-VPP) onto the mild steel 

surface as following explanation. 

 

3.3.3 Adsorption Isotherm 
The adsorption isotherms can study the nature of bond between the adsorbed inhibitor molecules and the metal 

surface. To characterize the mechanism of adsorption of O(4-VPP) onto the mild steel surface, surface coverage 

(θ) data obtained from LP measurements were used. The data were fitted to Temkin adsorption isotherm 

according to the Equation 5 [28] or Equation 6 

 

 
fK eCads           (5) 

 

 ln C = f θ – ln Kads        (6) 

 

The molecular interaction constant (f) can be obtained directly from the gradient of ln C vs θ and the log of 

adsorption equilibrium constant, (ln Kads) is also obtainable from the intercept of the plots. The van’t Hoff 

equation (Equation 7) was employed to calculate the enthalpy of adsorption, (Hads). To reduce errors in 

calculations, the surface coverage of 50% was used at various temperatures. The Hads is calculated by the 

multiplication of the gradient of the van’t Hoff plot by the gas constant (R). The Hads can be used in the 

calculation of other thermodynamic parameters, i.e., the free energy of adsorption (Gads) and the entropy of 

adsorption (Sads) by using Equation 8 and 9 [28].  
 

 constant
T R

H
Cln ads 


        (7) 

 

  ∆Gad = -RT ln (Kads)        (8) 

 

 
T

GH
S adsads

ads


        (9) 

 

Table 4: Summary of thermodynamic parameters of adsorption for O(4-VPP) 
 

Compound 

Name 

T (
o
K) ln Kads Hads 

(kJmol
-1

) 

Gads 

kJmol
-1

) 

Sads 

(JK
-1

) 

f 

 

O(4-VPP) 

303 15.21  

20.98 

-38.30 195.64 3.97 

323 16.31 -43.79 200.53 8.08 

343 18.28 -52.13 213.15 8.06 

 
Table 4 summarizes the thermodynamic data for O(4-VPP) by using Equation 6-9. The  adsorption of O(4-VPP) 

on to the surface of mild steel is an endothermic process as shown by the positive enthalpy of adsorption and 

obviously thermodynamically spontaneous as shown by negative free energy of adsorption. In general, when the 

absolute value of Gads is 40 kJ mol
-1

 or larger, the adsorption of inhibitor on the sample surface is related to 

chemisorption [9,31,34]. Durnie et al [28] proposed that chemisorption process may be involved a net positive 

entropy of adsorption.  The magnitude of f is related to the forces of Coulomb and Born repulsion factors arising 

from the interaction of adsorbing and neighboring adsorbed molecules that related to the charge at the 

hydrophilic head group of a molecule as well as steric effects, i.e., length, flexibility or branching of the 

hydrophobic chain and the size of the hydrophilic head group. A higher molecular interaction constant relates to 

stronger forces of repulsion between the adsorbed and adsorbing molecule [28]. Based on data obtained as 

shown at Table 4 and compared by previous researches, the adsorption of O(4-VPP) on the surface of mild steel 
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is attributable to chemisorption. The forces of repulsion between O(4-VPP) molecules adsorbed onto the surface 

of mild steel are higher at a higher temperature rather than at a lower temperature.  

Regarding the inhibition mechanism by nitrogen containing inhibitor, Lopez et al. [35] proposed that the main 

contributor to the formation of metal-inhibitor bonds is most likely the pyridine-like nitrogen which acts as a 

strong base.  In this respect, it is then concluded that the main contributor to the formation of metal-inhibitor 

bonds in O(4-VPP) synthesized in this study is nitrogen bound to piperidine moiety. 

 
Conclusions 

 
In this study, the oligomer 4-vinilpiperidin, O(4-VPP) with the ability to protect mild steel against CO2 

corrosion was successfully synthesized from oligomer 4-vinilpiridin, O(4-VP).  Corrosion experiments carried 

out demonstrated that the inhibitor offered protection in brine solution without and in the presence of kerosene, 

however better protection was observed in the absence of kerosene.  The performance of the inhibitor in term of 

%-protection was found to be influenced by concentrations, in which the higher the concentration the higher the 

%-protection. The same is true for temperature, suggesting that the inhibitor was adsorbed onto surface of the 

mild steel through chemisorption. The chemisorption of the inhibitor by the surface of the sample is also 

supported by high agreement between the results of weight loss experiment, carried out with slow rotation, and 

the results of EIS and LP measurements conducted under strong stirring (1000 rpm)  
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