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New corrosion inhibitors, namely, rosin poly(oxyethylene) ester 4,5-dihydroimidazole  maleate Adduct 

(RIMA-PEG), have  been synthesized from rosin acid natural product. The chemical structure of the 

prepared RIMA-PEG was confirmed by FTIR analysis. The effectiveness of the synthesized compound 

as corrosion inhibitor for carbon steel in 1M hydrochloric acid solution was investigated using 

electrochemical methods.  Experimental data indicated that RIMA-PEG has shown a strong inhibitive 

effect for the corrosion of carbon steel in 1M HCl solution. 
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1. INTRODUCTION 

Inhibitors based on organic materials are widely used in the corrosion protection of materials in 

several environments [1]. The use of inhibitors is one of the most practical methods for protection 

against corrosion, especially in acidic media [2-4]. Acid solutions are widely used in industry, the most 

important fields of application being acid pickling, industrial acid cleaning, acid descaling and oil well 

acidizing. Because of the general aggressivity of acid solutions, inhibitors are commonly used to 

reduce the corrosive attack on metallic materials. Most of the well-known acid inhibitors are organic 

compounds containing nitrogen, sulphur, oxygen, phosphorous and aromatic ring or triple bonds. It has 

been reported that the inhibition efficiency decreases in the order: O < N < S < P [5-6].  Moreover, 

many N-heterocyclic compounds have been proved to be effective inhibitors for the corrosion of 

metals and alloys in aqueous media. The influence of organic compounds containing nitrogen on the 
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corrosion of steel in acidic solutions has been investigated by several authors. Among them, azoles 

have been intensively investigated as effective steel corrosion inhibitors [7–9]. 

 Synthesis of new materials from renewable natural resources has becoming a rapidly growing 

area, as these materials could potentially replace or partially replace environmentally and energy 

unfavorable plastics derived from petroleum chemicals [10-12] . We have focused on developing a 

new class of renewable polymers using gum rosin, due to its abundance, low cost as well as its 

potential ability to be converted into polymerizable monomers. Water-soluble synthetic polymers are a 

family of materials that have been developed commercially and studied scientifically at an accelerating 

pace in recent years. Many water soluble polymers, because of their amphipathic structure and surface 

activity, are used as surface active agents. In the previous work, nonionic surfactants were prepared 

from rosin acid and used as flow improver and oil spill dispersant for petroleum crude oil [13-15]. The 

present work, deals with synthesis of water soluble nonionic surfactants from rosin acid adducts.  

This paper focuses on the efficiency of non-toxic modified rosin hydroimidazole, which is 

derivative of imidazole as steel corrosion inhibitor in hydrochloric acid. The investigation is performed 

using electrochemical methods.  

 

 

 

2. EXPERIMENTAL 

2.1. Materials 

All materials were used without further purification. Rosin were heated at 150
o
C for 4 hours 

then heated at 200
o
C for 30 minutes in nitrogen atmosphere to isomerizes rosin acids to leveopimaric 

acid, then it were separated by crystallization from the cold acetone solution of commercial 

rosin. Rosin acids with acid number 183mg KOH.g
-1 

and melting point 167
o
C was obtained 

from commercial rosin [15]. The separation of the rosin acids from rosin was carried out to increase 

the yield and to remove terpens, which have the ability to react with maleic anhydride. Maleic 

anhydride (MA), ethylene diamine (EDA), p-toluene sulfonic acid (PTSA), poly (ethylene glycol), 

PEG,  having molecular weights 400 and 600 designated as PEG 400 and PEG 600 were supplied from 

Aldrich Chemicals Co. (USA) and used as received.  

The corrosive solution (1M HCl) was prepared by appropriate dilution of analytical grade 37% 

HCl with double distilled water. Corrosion tests were performed on a carbon steel sheet having the 

following chemical composition (wt %): 0.3% C, 0.02% Si, 0.03% Mn, 0.045% Sn, 0.04% P and the 

remainder Fe. A carbon steel disc of the same chemical composition was mounted in Teflon with an 

exposed surface area of 1 cm
2
 was used in all electrochemical measurements. The prepared electrode 

was mechanically polished with different grades of silicon carbide papers, degreased in ethanol to 

obtain a fresh oxide-free surface, washed with bi-distilled water and dried at room temperature. 
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2.2. Preparation of Rosin 4,5-dihydroimidazole  (RI) 

Rosin 4,5-dihydroimidazole  (RI) may be prepared by melt method as follows: EDA (1.12  

mol) was mixed with purified rosin acid (1mol) in a flask fitted with a water condenser with a drying 

tube, a thermometer and an N2 purge tube. The mixture was heated with stirring in the presence of N2 

atmosphere. During reaction, the temperature of the reaction mixture was raised to 135
o
C and kept 

there for 2 hours and the reaction temperature raised up to 180 
o
C for another 2h. The condenser was 

replaced with Dean Stark separator to remove the water formed during imidization. The reaction 

mixture was poured into excess water. The precipitate was filtered, washed thoroughly with water and 

then with diethylether to remove unreacted rosin and EDA. It was finally dried at 40
o
C under vacuum. 

The produced monomer was designated as RI. It is  

light brown powder; yield was 95%; melting point was  78
o
C and nitrogen contents were calc. 

2.64; found 2.55, calc. 5.01; found 5.22, calc. 1.92; found 1.88 and calc. 3.70; found, 3.75, 

respectively. 

 

2.3. Preparation of rosin 4,5-dihydroimidazole  maleic anhydride adduct 

Synthesis of rosin 4,5-dihydroimidazole  maleic anhydride adduct (RIMA) was prepared as 

following: RI (1mol) was melted  and heated at  

120
o
C, 200 ml of glacial acetic acid and (1 mol) of maleic anhydrid were added to RI. PTSA 

(1%) based on total weight of reactant was added to the reaction mixture after. The temperature was 

kept at 120 
o
C  for 1 hour  and the reaction left for 3 hours at 170 

o
C. The reaction temperature was 

cooled below 5
o
C to obtain brown powder of adduct. The powder was  

washed several times with glacial acetic acid.  

 

2.4. Preparation of rosin poly(oxyethylene) ester 4,5-dihydroimidazole  maleate Adduct (RIMA-PEG) 

A mixture of freshly distilled PEG 400 or PEG 600 (1.1 mol), RIMA (1 mol), PTSA (1%) 

based on total weight of reactants and 100 ml xylene were placed in 0.5 L round-flask fitted with Dean 

Stark apparatus. The mixture was allowed to reflux until the theoretical water was collected. Xylene 

was distilled off from the reaction product by rotary evaporator under reduced pressure. The product 

was separated by salting out use saturated NaCl solution and extracted with isopropanol using 

separating funnel. The purified products were isolated after evaporation of isopropanol. 

 

2.4. Measurements 

The acid values of the synthesized resins were determined by the conventional acetic 

anhydride- pyridine method. Infrared spectra of the prepared compounds were recorded in 

polymer/KBr pellets using Mattson-Infinity series FTIR Bench Top 961. 
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The potential of carbon steel electrodes was measured against the saturated calomel electrode 

(SCE) in 1M HCl solution in the absence and presence of various inhibitor concentrations until the 

steady open circuit potential is attained. Potentiodynamic polarization studies were carried out using 

Volta lab 40 (Tacussel-Radiometer PGZ301) potentiostat and controlled by Tacussel corrosion 

analysis software model (Voltamaster 4) at a scan rate of 5mVs−1 under static condition. A platinum 

electrode and saturated calomel electrodes (SCE) were used as auxiliary and reference electrodes, 

respectively. The working electrode was prepared from a cylindrical carbon steel rod insulated with 

polytetrafloroethylene tape (PTFE). The area exposed to the aggressive solution was 1cm
2
. All the 

experiments were carried out at temperature from 25 to 50 ◦C. AC impedance measurements were 

performed using Tacussel-Radiometer. 

 

 

 

3. RESULTS AND DISCUSSION 

3.1. Identification of chemical structure of the prepared RIMA-PEG 

COOH

H
2
N-CH

2
-CH

2
-NH

2

CONH-CH
2
-CH

2
-NH

2

NH

N

CH
2

CH
2

OOO

NH

O

N

CH
2

CH
2

O

O

H[O-CH
2
-CH

2
-]n-OH

NH

COO-[CH
2
-CH

2
O]n-H

COOH

N

CH
2

CH
2

+

Reflux 
4 hours

-H2O

PTSA

rosin acid

ethylene diamine

rosin amide

4,5-dihydro-imidazole    rosin 4,5-dihydro-imidazole

PEG

4,5-dihydroimidazolerosin poly(oxyethykene) ester 4,5-dihydroimidazole  
 

Figure 1. Preparation of RIMA-PEG derivatives 
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Rosin have been used as a source with a lower cost for production of new applicable materials 

[16-19].  The present study was intended to modify the chemical structure of rosin to produce new 

water soluble corrosion inhibitors.  

 

 
 

Figure 2. FTIR spectra of: (a) RI, (b) RIMA (c) RIMA-PEG400 

 

The reaction procedure was illustrated in Fig.1.  Rosin has been recognized to have excellent 

solubility and compatibility with a variety of other synthetic resin. This is because rosin acids have a 

hydrophobic skeleton containing unsaturated alicyclic in combination with hydrophilic carboxylic 

groups. The condensation of rosin acids with EDA can produce rosin imidazole derivative (RI). The 

reaction scheme indicates the formation of rosin imidazole after heat treatment of rosin acid to produce 

rosin 4,5-dihydroimidazole as illustrated in the experimental section. The formation of  RI from rosin 

a 

b 

c 

Wavenumber [cm-1] 
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acid was confirmed from reduction of acid number of rosin acid from 183 to 6 mg KOH.g
-1

 which 

indicated the disappearance of acid group of rosin acid after condensation with EDA.
 
The chemical 

structure of RI was confirmed from FTIR analysis. The FTIR spectrum of RI was represented in Fig. 

(2a). The appearance of new bands at 1620 and 3350 cm 
-1

, which attributed to C=N and –NH 

stretching vibration of imidazole ring. The formation of rosin imidazole maleic anhydride Diels Alder 

adduct was produced from reaction of RI with MA as illustrated in the experimental section. The 

chemical structure of RIMA adduct was illustrated from FTIR spectrum which represented in Fig. 

(2b). The appearance of new absorption bands at 1810 and 1780 cm
-1

 assigned to C=o stretching of 

MA anhydride group indicated the formation of RIMA adduct. The esterification of RIMA with PEG 

400 and PEG 600 in the presence of PTSA as a catalyst was illustrated in Fig. 1. FTIR spectrum of 

RIMA-PEG600 ester was represented in Fig. (2c). The disappearance of absorption bands at 1810 and 

1780 cm 
-1

 in spectrum of RIMA (figure 1b) and appearance of new bands at 1754 and 1100 cm 
-1

 

which attributed to C=O and C-O stretching vibration of ester indicated the esterification of RIMA 

with PEG 400 and PEG 600.  

 

3.2. Open circuit potential measurements 

 
 

Figure 3. Open circuit potential–time plot for carbon steel in 1M HCl  in absence  and presence of 

RIMA-PEG400 at 25 
o
C. 

 

The potential of carbon steel electrodes immersed in 1M HCl solution was measured as a 

function of immersion time in the absence and presence of different concentrations of RIMA-PEG400 

and RIMA-PEG600 as shown in Figs. 3 and 4, respectively. It is clear that the potential of carbon steel 
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electrode immersed in 1MHCl solution (blank curve) tends towards more negative potential firstly, 

giving rise to short step. This behavior was reported by West [20], which represents the breakdown of 

the pre-immersion air formed oxide film presents on the surface according to the following equation: 

 

Fe2O3 +6HCl → 2FeCl3 +3H2O                         (1) 

 

This is followed by the growth of a new oxide film inside the solution, so that the potential was 

shifted again to more noble direction until steady state potential is established.  

 

 
 

Figure 4. Open circuit potential–time plot for carbon steel in 1M HCl  in absence and  presence of 

different concentrations of  RIMA-PEG600 inhibitors at 25 
o
C. 

 

Addition of inhibitor molecules to the aggressive medium produces a negative shift in the open 

circuit potential due to the retardation of the cathodic reaction during the initial stage of measurements. 

Further addition of the Inhibitor molecules produces a positive shift in Ecorr.  As the concentration of 

the inhibitor increases, the corrosion potential was shifted to more noble direction. 

 

3.3. Potentiodynamic polarization measurements 

The effect of inhibitor concentration and temperature on both anodic and cathodic curves of 

carbon steel in 1M HCl solution was studied using potentiodynamic polarization technique. Evaluation 

of corrosion inhibition efficiencies (I %) can also be performed through electrochemical experiments.  
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Table 1. Parameters of potentiodynamic polarization of Carbon steel electrode in 1M HCl containing 

various concentrations of  RIMA-PEG 400  at 25 
o
C.         

      

 

I% 

 

C.R 

mmy 

Β c, 

mV/dec 

βa, 

mV/dec 

RP, 

ΩCm
2
 

Icorr, 

mA/Cm
2
 

-Ecorr, 

mV 

Conc. 

(ppm) 

- 8.22 249.9 122.1 40.75 0.703 521 0 

84.35 1.33 120 108. 290.9 0.11 518 50 

86.91 1.08 118 117.8 154.47 0.092 541 100 

87.33 0.981 109 108.3 302.27 0.089 532 150 

89.47 0.873 119.3 121.7 293.63 0.074 542 200 

89.90 0.836 119.1 152.6 1180 0.071 559 250 

 

Table 2. Parameters of potentiodynamic polarization of Carbon steel electrode in 1M HCl containing 

various concentrations of RIMA-PEG600 inhibitor at 25 
o
C.          

     

 

I% 

 

C.R 

mmy 

Β c, 

mV/dec 

βa, 

mV/dec 

RP, 

ΩCm
2
 

Icorr, 

mA/C

m
2
 

-Ecorr, 

mV 

Conc. 

(ppm) 

- 8.22 249.9 122.1 40.75 0.703 521 0 

86.77 1.09 110.0 107.0 446.77 0.093 527 50 

87.76 1.000 112.5 105.7 153.65 0.086 518 100 

91.03 0.737 115.7 139.5 398.87 0.063 551 150 

97.01 0.248 118.1 94.1 474.13 0.021 511 200 

97.15 0.240 120 98.9 2470 0.02 517 250 

 

 
 

Figure 5. Polarization curves of carbon steel recorded in 1 M HCl containing different concentrations 

of   RIMA-PEG400 at 25 
o
C     
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Figure 6. Polarization curves of carbon steel recorded in 1 M HCl containing different concentrations 

of RIMA-PEG600 inhibitors at 25 
o
C. 

 

The obtained results were illustrated in Figs. 5 and 6. Also, the electrochemical parameters 

such as Icorr, Ecorr, βa, βc and Rp associated with polarization measurements for carbon steel at different 

concentrations of the additive were simultaneously determined from the polarization curves using 

Voltamaster 4 corrosion software. The extrapolation of Tafel straight line allows the calculation of the 

corrosion current density (Icorr).  

 

Table 3.  Influence of temperature on the electrochemical parameters for carbon steel electrode 

immersed in 1 M HCl without inhibitor addition.  

 

 

C.R 

mmy 

βc, 

mV/dec
-1 

βa, 

mV/dec
-1 

RP, 

ΩCm
2
 

Icorr, 

mA/Cm
2
 

-Ecorr, 

mV 

Temperature 

(
o
C) 

8.22 249.9 122.1 40.75 0.703 521 25 

29.91 273.3 266.7 21.00 2.5 506 35 

61.98 236.6 243.6 8.04 5.2 529 45 

90.42 303 250 6.49 7.7 551 55 

 

The values of Icorr, the corrosion potential (Ecorr), E (%), cathodic and anodic Tafel line as 

function of inhibitors concentrations are given in Tables ( 1-2). The degree of surface coverage (θ) and 

the percentage inhibition efficiency (I%) were calculated using the following Equations.  

 

θ = 1- i / io                                              ( 2) 

 

I % = (1- I / io) × 100                               ( 3 ) 
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where io and i are the corrosion current densities determined by the intersection of the 

extrapolated Tafel lines to the corrosion potential, Ecorr. Tafel lines of nearly equal slops were 

obtained as can be seen from Tables 1and 2. As reflected from the plots the additive exhibits a 

significant effect on the current–potential relations.  

       

 
Figure 7. Effect of temperature on the cathodic and anodic polarization  for carbon steel in 1 M HCl 

without inhibitor addition. 

 

It can be seen that the  Tafel lines are shifted to more negative and more positive potentials for 

the cathodic and anodic process, relative to the blank curve.This means that the additive affects both 

anodic dissolution of the metal and cathodic evolution of hydrogen (i.e. mixed-type inhibitor). It is 

clear from Fig. 5  that both the cathodic and the anodic reaction are inhibited and the inhibition 

increases as the inhibitor concentration increases.  

 

Table 4. Influence of temperature on the electrochemical parameters for carbon steel electrode 

immersed in 1 M HCl in the presence of  250 ppm of RIMA-PEG400 inhibitor. 

 

 

I% 

 

C.R 

mmy 

βc, 

mV/dec
-1 

βa, 

mV/dec
-1 

RP, 

ΩCm
2
 

Icorr, 

mA/Cm
2
 

-Ecorr, 

mV 

Temperature 

(
o
C) 

89.90 0.836 119.1 152.6 1180 0.071 559 25 

96.52 1.013 122.4 101.7 396.0 0.087 510 35 

97.80 1.331 120.1 108.3 290.9 0.114 518 45 

97.80 1.979 134.1 114.1 275.1 0.169 515 55 

 

In addition, the slopes of the cathodic and anodic Tafel lines are approximately constant and 

independent on the inhibitor concentration. This behavior suggests that the inhibitor molecules affect 

the corrosion rate of carbon steel without changing the metal dissolution mechanism [21]. Also, the 
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addition of inhibitor molecules causes a decrease in Icorr., which increases with  increasing inhibitor 

concentration indicating that the additive compound can be used as corrosion inhibitor of mild steel. 

The values of inhibition efficiency increased markedly with increase of inhibitor concentration 

indicated that a higher coverage of inhibitor on the surface was obtained in a solution with higher 

concentrations of inhibitor.  

 

 
Figure 8. Effect of temperature on the cathodic and anodic polarization for carbon steel in 1 M HCl 

containing 250 ppm of RIMA-PEG400 inhibitor. 

 

The investigation of temperature on the corrosion process of carbon steel can modify the 

interaction between the carbon steel electrode and the inhibitor in acidic medium.  Polarization curves 

for carbon steel in 1 M HCl without and with 250 ppm of RIMA-PEG400 inhibitor at different 

temperature range 25–55 
о
C were represented in Figures 7 and 8, respectively. Corresponding data are 

given in Tables 3-4. Careful inspection of data indicated that, the corrosion current density increased 

with increasing temperature both in uninhibited and inhibited solutions and the values of the efficiency 

of inhibitors are nearly constant in the studied temperature range. The data indicated that the prepared 

inhibitors act as an efficient inhibitor in the different ranges of temperature studied. The data presented 

in Table 4 reveals that the rate of corrosion generally increased with increase in temperature.  The 

results can be explained on the basis that increasing temperature enhances the transfer rate of the 

aggressive ions, which in turn enhances the corrosion rate. It is clear also that the inhibition efficiency 

at different temperatures increases with increasing temperature and hence the surface coverage 

increases with increasing temperature. The high efficiency of these surfactants at different 

temperatures   suggests that the mode of adsorption is chemisorbed.  It can be concluded that the 

surfactant molecule covers a large area, thereby inhibiting iron corrosion. The chemi-sorbed layer is 

assumed to cover the entire surface leading to high efficiency. The results obtained here are in 
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consistent with data reported previously for increasing the efficiency of the inhibitor with temperature 

and to the mode of adsorption [22-27]. 

 

 

4. CONCLUSIONS 

The main conclusions of the present study could be summarized in the following points: 

1-Water soluble imidazole derivative of rosin acid (RIMA-PEG) was synthesized and 

characterized by FTIR spectroscopy.   

2- RIMA-PEG has shown a strong inhibitive effect for the corrosion of carbon steel in 1M HCl 

solution, 

3- The strong inhibitive effect of RIMA-PEG can be attributed to the strong capability of 

RIMA-PEG to be adsorbed on the metallic surface. 

4- RIMA-PEG acts as an efficient inhibitor at different ranges of temperatures.  
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