
 

 

_________________________________________________________________________________________________ 

*Corresponding author e-mail: doaa.r@s.uokerbala.edu.iq.; (Doaa. R. Mohammedali). 

Receive Date: 16 May 2022, Revise Date: 29 May 2022, Accept Date: 31 May 2022 

DOI: 10.21608/EJCHEM.2022.138851.6103 

©2022 National Information and Documentation Center (NIDOC) 
 

 

Egypt. J. Chem. Vol. 65, No. 10 pp. 447 - 454 (2022) 

 

                                                                                                                      

Graft Co-Polymer Nano Particle as Carbon Steel Corrosion Inhibitor in 

1M H2SO4 At 293K 

Hamida. I. Salman1, Mohammed. N. Bahjat1, Doaa. R. Mohammedali*1, Emad Salaam 

Abood2 
1Chemistry Department, College of Education for Pure Sciences, University of Kerbala, Kerbala/ Iraq 

2 Medical physics department, Hilla University College, Babylon, Iraq 

Abstract 

New graft co-polymer nano-particle (coating nano-polymer) was prepared as a corrosion inhibitor in 1M sulfuric acid. The 

synthesized coating nano-polymer was characterized by FT-IR, 1H NMR   and atomic force microscope (AFM). Synthesized 

coating nano-polymer mixed with acrylic acid in different proportion (0.2-0.8 mole: 293K: 30 min).  Potential-dynamic 

polarization technique is  used to get  current corrosion, inhibition efficiency, cathodic and anodic Tafel slopes  with examination 

of concentration influence on inhibition efficiency, the results revealed that the inhibition efficiency increases as inhibitor 

concentration increases. The maximum inhibition recorded efficiency 93% at 0.8 mol. 
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1. Introduction 

Corrosion is a gradual destruction of materials and 

change of refined metal into a more chemically stable 

oxide by chemical or electrochemical reaction with 

surrounding environment. Also, it occurs to other 

materials such as polymers and ceramic. The 

circumstances of corrosion occurrence are cathode 

reduction electrode, anode oxidation electrode and 

electrolyte solution that has metal [1-3]. It corrodes 

due to redox reaction, at which charge transfers 

between an electronic conductor (metal) and an ionic 

conductor (aqueous solution) occur. Also, the study of 

corrosion phenomena requires knowledge of the 

chemical and kinetic balances involved in these 

reactions. In addition to electrochemical reactions, 

aqueous corrosion involves surface reactions 

(adsorption) as well as acid-base reactions, in 

particular the hydrolysis of metal cations (Fe2+ to Fe 

(OH)2).[4]  

Effective corrosion inhibition has a high economic 

value as the annual corrosion cost due to it destroys 

more than three per cent of the world's GDP.[5] So it 

is very necessary to find appropriate ways to protect 

metals from corrosion[6, 7]. Many financial and 

economic efforts are spent annually to overcome 

corrosion  phenomenon to minimize of its effect of 

metals damage, changes in metal properties, loss of 

material and environmental and human damage.[8, 9] 

Carbon steel is one of the commonly used metals in 

industry and engineering applications [10] such as 

manufacture of parts for marine and land 

transportation as it has good mechanical properties.[4] 

Carbon steels, which are less expensive than 

corrosion-resistant alloys, are widely employed as the 

preferred construction material in a variety of 

industries. Carbon steels typically have a carbon 

content of less than 1.5 percent, with minor amounts 

of Mn, Si, P, and S. Low carbon steels (0.25% C), 

medium carbon steels (0.25–0.70 percent C), and high 

carbon steels (0.70–1.05 percent C) are classified 

based on carbon content. The amount of carbon in a 

material can be changed to achieve varied mechanical 

qualities including strength, ductility, and hardness. 

[10] 

Nowadays, awareness  of   corrosion  protection  has 

increased, as study inhibitory effect of organic 

compounds and plant extracts with using of coating in 

different corrosion environments.[11, 12] Protection 

to prevent or control corrosion of metal corrosion is 

used via using inhibitors in low concentration that can 

be chemical or natural, organic or inorganic.[13-16] 

Organic polymer coatings have received significant 

attention in corrosion prevention, due to their ease of 

application, sticking strongly to each other due to the 

presence of different metal ions which form 

complexes with them, and they also absorb well on 
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metal surfaces, all of that can protect the metal from 

corrosion [17-23] 

Based on this survey, our aim of this work is 

to prepare a friendly environmental, less expensive, a 

high molecular weight Nano-Polymer, and contains 

conjugated double bond with hydroxyl group as 

corrosion-resistant barrier [24-27]. Also, test this new 

synthesized Nano-Polymer as coating to carbon steel 

to control corrosion.   

 

Experimental 

General: All chemicals were purchased from different 

companies and used without purification and 

electrochemical measurements were performed on 

MLab 200 Potentiostat/Galvanostat. 

 

Synthesis of graft PTGM Nano-particles: 

 332.26g terephthalic acid (2.0 mol) dissolved in 50 ml 

DMSO were added to two-necked round bottom flask 

that equipped with a thermometer. The mixture 

warmed carefully at 40oC with stirring until clear 

liquor is formed then add 92g of glycerol (1.0 mol) 

with continues heating at 120oC.  25 mL p-Xylene 

were added carefully to the reaction, in the form of 

batch (two drops in each batch), as dehydrating agent, 

with continues heating to 80 min at 145oC. Leave the 

reaction flask to cool to about 50oC.  

58g maleic anhydride (0.5mol) in 10 ml o DMSO at 

40oC was added to reaction mixture with rising heat to 

90oC. Dehydrating agent of p-Xylene (two drops in 

each batch) was added with rising heat to 105oC for 40 

min. The reaction mixture left to cool, add cold 

distilled water, leave the suspension overnight, filter 

and wash with distilled water and leaves to dry over 

suction to get graft PTGM Nano-particles (Scheme 1). 

 

Preparation of carbon steel specimens 

Cylindrical shaped carbon steel was designed  (2.5 cm 

diameter and 3 mm height) and its chemical 

composition is 0.462% C, 0.260% Si, 0.597% 

Mn,0.0108% P, 0.0215% S, 0.0877% Cr, 0.0206% 

Mo, 0.0974% Ni, 0.0275% Al, 0.297% Cu and Fe 

balanced. The sample was grounded with emery cloth 

(grade 80–400), washed, dried and stored until use 

(Figure 1). 

 
Figure 1: schematic diagram of carbon steel 

specimen 

Preparation of coating: 

Nano-Polymer (0.1 g, 1.168 * 10-4 mol) mixed with 

acrylic acid (various moles: 0.2, 0.4, 0.6, 0.8, 1 mol), 

with addition of 2-3 drops of cobalt octoate as drier 

and hardener with continuous mixing until getting an 

orange solution. This orange solution is used as 

coating layer to carbon steel samples wait to dry 

(Figure 2). 

 
Figure 2: Surface of carbon steel samples 

Preparation of Corrosive environment solutions: 

The attacker solution 1M H2SO4 was prepared through 

mitigation of analytical degree 98% H2SO4 solution 

with distilled water. 

Potentiostatic Polarization Measurements: 

Potentiostatic polarization measurements were 

conducted in a cell consists of three electrodes, 

reference electrode (calomel electrode RE), auxiliary 

electrode (platinum electrode AE), and working 

electrode (carbon steel samples WE). The working 

electrode was dipped into the test solution for 30 min, 

with a time step of 1 sec and left to attain steady-state 

open circuit potential (OCP). Potential range was auto 

(±250 mv) relative to the OCP. The corrosion potential 

(Ecorr) and corrosion current density (Icorr) were 

measured by tafel method. The inhibition efficiency 

(Ƞ%) was calculated as in equation (1).[28] 

Ƞ% =   
 𝐼𝑐𝑜𝑟𝑟−𝐼𝑖𝑛ℎ  

𝐼𝑐𝑜𝑟𝑟
 × 100 % ………….… (1) 

Where Ƞ% is the ratio of the efficiency of inhibition.  

Icorr , Iinh is corrosion current density in the absence and 

presence of inhibitors. 

 

3. Results and Discussion 

3.1. Preparation of graft co-polymer: 

 Terphthalic acid reacted with glycerol at reflux 

temperature for 80 min to afford linear nano 

copolymer which is used in the next step as initiator to 

react with malic anhydride for 40 min at 105oC to 

afford Poly(Terphthalic acid-Co-Glycerol-G-Maleic 

anhydride) (PTGM Nano Particle) as final desired 

product (Scheme 1). [29, 30] 

 

Scheme 1: Synthesis of PTGM Nano 

Particles 
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The structure of new compounds; linear nano 

copolymer and PTGM Nano Particle were confirmed 

via using FT–IR and 1HNMR. IR (KBr) spectrum of 

linear nano copolymer revealed presence of alcoholic 

OH at 3423 cm-1, 2544 cm-1, 2654 cm-1 related to C-H 

sp3and sp2hybridization, 1726 cm-1 of ester C=O, 

1597, 1581 cm-1 of aromatic C=C,  and 1284 – 

1259cm-1 that related to C-O absorption band (Figure 

). 

  
Figure 3: The FT-IR spectrum of linear co-

polymer 

Also, 1HNMR of the liner co-polymer revealed 

presence of signals at δ 7.53- 8.10 ppm as multiples 

that related to aromatic protons, δ 6.27-6. 46 ppm of 

methine protons, δ 4.24- 4.50 ppm of CH2 protons, and 

at δ 3.44- 3.62 ppm that related to aliphatic alcohol 

together with characteristic signals of alcoholic OH at 

δ 13.24 ppm as singlet signal which exchangeable with 

D2O (Figure 3). 

 

 
Figure 4: The 1HNMR spectrum of linear co-

polymer 

In the same manner, FT–IR (KBr) spectrum of the 

graft co-polymer revealed significant peaks at 3500 

cm-1 which related to alcoholic OH, at 2880 cm-1 , 

3140 cm-1 and 3050 cm-1 of aliphatic  C-H, aromatic 

=C-H and  alkenes =C–H, respectively. Also, strong 

sharp band at 1740 cm-1  and  1250 cm-1 that related to 

ester C=O ester and C-O, respectively (Figure 5). 

Table (4) , Fig (6), The spectrum of 1HNMR (600 

MHz, (CD3)3SO) of the graft co-polymer 

 
Figure 5: FT-IR spectrum of graft co-polymer 

Besides, The spectrum of 1HNMR (600 MHz, 

(CD3)3SO) of the graft co-polymer have signals at 

13.12ppm of carboxylic OH, 7.79 and 7.48 ppm that 

related to methane of CH=CH, while at 4.28-4.23 as 

doublet is related to methylene protons (Figure 6).  

 
Figure 6: The 1HNMR spectrum of graft co-

polymer 

The size of particles were measured by the atomic force 

microscope (AFM); that revealed that outer surface of the 

nanoparticles of linear co-polymer (Figure 7). The 

roughness of this surface and the square root square are 

calculated according to the coefficient: 

𝑅𝑚√∑
(𝑍𝑖 − 𝑍𝑎𝑣)²

𝑁

𝑛

𝑖=1

 

Where N, Z = the number of measured points 

The roughness coefficient of a linear co-polymer 

surface was 1.19 nm and the square root square was 

equal to 1.37 nm. This indicates that the bold size of the 

nanoparticles plays an important role in the roughness 

of the surface, its uniform crystalline system, and the 

surface homogeneity, Also, the average of height of the 

particles was equal to 4.80 nm (Figure 7a). 

 

 
Figure 7: outer surface of the nanoparticles of 

linear co-polymer a) 3D Image, b) 2D Image, c) 2D 

Image with particle details. 

Table 1 represents the total rate of the particle sizes of 

the common linear nanoparticle and the different 

proportions of these volumes; the results indicate that 
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the molecular size of the linear co-polymer 

nanoparticle was 94.09 nm. Also, Figure 8 represents 

the distribution of the different proportions of particle 

sizes of the linear co-polymer nanoparticle. On the 

other hand, Fig (9 a, b &c) shows the outer surface of 

the nanoparticles of graft co-polymer. 

The roughness coefficient of a graft co-polymer 

surface was 2.12 nm and the square root square was 

equal to 2.44 nm. This indicates that the bold size of the 

nanoparticles plays an important role in the roughness 

of the surface, its uniform crystalline system, and the 

surface homogeneity, Also, the average of height of the 

particles was equal to 8.3 nm,  as observe in Fig (9  a).  

Table (2) represents the total rate of the particle 

sizes of the graft co-polymer nanoparticle and the 

different proportions of these volumes; the results 

indicate that the molecular size of the graft co-polymer 

nanoparticle was 74.39 nm and fig (10) represent the 

distribution of the different proportions of particle sizes 

of the graft co-polymer nanoparticle.[31, 32] 

  

 

Table (1): The total rate of the particle sizes of the linear co-polymer nanoparticle and the different proportions of 

these volumes 

Sample:1 Code: Sample Code 

Line No.: lineno Grain No.:139 

Instrument: CSPM Date:2018-04-23 

Avg. Diameter: 94.09 nm <=10% Diameter:75.00 nm 

<=50% Diameter: 90.00 nm <=90% Diameter:115.00 nm 

Diameter 

(nm)< 

Volume 

(%) 

Cumulation 

(%) 

Diameter 

(nm)< 

Volume 

(%) 

Cumulation 

(%) 

Diameter 

(nm)< 

Volume 

(%) 

Cumulation 

(%) 

75.00 7.19 7.19 100.00 8.63 68.35 125.00 1.44 93.53 

80.00 12.95 20.14 105.00 7.19 75.54 130.00 5.76 99.28 

85.00 16.55 36.69 110.00 7.19 82.73 145.00 0.72 100.00 

90.00 11.51 48.20 115.00 5.04 87.77    

95.00 11.51 59.71 120.00 4.32 92.09    

 
Figure 8: Distribution of the different 

proportions of particle sizes of the linear co-

polymer nanoparticle.  

 

 
Figure 9: The outer surface of the nanoparticles of 

graft co-polymer 

a) 3D Image, b) 2D Image, c): 2D Image and 

showing all details of particles. 

 
Figure 10:  Distribution of the different 

proportions of particle sizes of the graft co-polymer 

nano particle. 
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Table (2): The total rate of the particle sizes of the graft co-polymer nanoparticle and the different proportions of these 

volumes 

Sample:2 Code: Sample Code 

Line No.: lineno Grain No.:208 

Instrument: CSPM Date: 2019-05-31 

Avg. Diameter:74.39 nm <=10% Diameter:0 nm 

<=50% Diameter:70.00 nm <=90% Diameter:95.00 nm 

Diameter 

(nm)< 

Volume 

(%) 

Cumulation 

(%) 

Diameter 

(nm)< 

Volume 

(%) 

Cumulation 

(%) 

Diameter 

(nm)< 

Volume 

(%) 

Cumulation 

(%) 

55.00 10.58 10.58 85.00 7.69 75.96 115.00 1.44 98.56 

60.00 12.98 23.56 90.00 6.73 82.69 120.00 0.48 99.04 

65.00 10.10 33.65 95.00 4.81 87.50 125.00 0.48 99.52 

70.00 12.50 46.12 100.00 4.33 91.83 140.00 0.48 100.00 

75.00 7.12 53.37 105.00 2.88 94.71    

80.00 14.90 68.27 110.00 2.40 97.12    

 

Table 3: Data of polarization curves for corrosion of carbon steel at different concentrations of graft co-polymer 

nanoparticle in 1 M H2SO4 at temperature 293 K. 

Inhibitor (mol) -Ecor  (mV) Icorr (µA/cm2) βa (mVdec-1) - βc (mVdec-1) Ƞ% θ 

balnk 445.4 1940 70.3 93.0 - - 

0.2 386.0 543.2 51.5 105.8 72 0.72 

0.4 383.9 406.5 34.3 49.2 79.04639 0.790464 

0.6 396.6 263.4 38.3 88.8 86.42268 0.864227 

0.8 402.5 135.4 33.3 103.2 93.02062 0.930206 

 

 

Surface Coverage 

    The extent of graft co-polymer nanoparticle on 

carbon steel s calculated via equation 4. 

𝜽 =  
𝜼%

𝟏𝟎𝟎
……………….. (4) Where, θ : Surface 

coverage , η% : Inhibition efficiency .[33-35] 

Potentiostatic Polarization Measurement  

Potentiodynamic polarization measurements were 

used to test the corrosion inhibition efficiency (η%) of 

carbon steel by graft co-polymer nanoparticle in 1 M 

H2SO4. The experiments were carried out at 

temperature 293K , in presence of different 

concentrations of graft co-polymer nanoparticle  (0.2, 

0.4, 0.6,  and 0.8 mol). Table (7) illustrates the 

measured parameters that include: corrosion potential 

(Ecorr), corrosion current density (Icorr), cathodic Tafel 

slope (βc) and anodic Tafel slope (βa) , inhibition 

efficiency (η%) and surface coverage (θ). Table 3 

explains using of graft co-polymer nanoparticle as a 

corrosion inhibitor, that leads to decrease in corrosion 

current density, as proportional relationship [36] with 

inhibition efficiency reacord 93% in the presence 0.8 

mol of graft co-polymer nanoparticle (Figure 11) 

 
Figure 11: Potentiodynamic polarization curves 

for carbon steel in 1 M H2SO4 in the absence and 

presence of graft co-polymer nanoparticle at 293 

K 

Adsorption Isotherms 

The adsorption of graft co-polymer nanoparticle on the 

alloy surface has been studied, the obtained results 

indicated that the adsorption obeys the Langmuir 

isotherms model (1) with correlation coefficients 

around (0.9947), From Langmuir equation the 

equilibrium constant of the adsorption process(Kads) 

values were calculated, the values of free energy 

(ΔGads) and reaction enthalpy (ΔHads) were calculated 

according to equations (5-7) respectively. The entropy 

(ΔSads( was also calculated from the equation (8) 

(Figure 12) [37]  

  
𝐶𝑖𝑛ℎ

𝜃
=

1

𝐾𝑎𝑑𝑠
+ 𝐶𝑖𝑛ℎ                              .…………(5)  

ΔGads = −RTln (55:5 Kads)                 …………..(6)  

  𝑙𝑜𝑔 𝐾𝑎𝑑𝑠 = (
−∆𝐻𝑎𝑑𝑠

2.303𝑅𝑇
) + 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡

 
    ……….… (7)    
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ΔG = ΔH – T ΔS                                 …………..(8)                  

    where   ΔGads is  Gibbs free energy , ΔHads is 

enthalpy , ΔSads is entropy  , T : temperature (K) , R : 

gas constant  , Cinh : concentration (mol) of inhibitor , 

Kads : adsorption  constant .[38, 39] 

 
Figure 12:  Langmuir relationship for graft co-

polymer nanoparticle adsorption in 1M H2SO4 at 

293 K. 

Table 8: Thermodynamic parameters of graft co-

polymer nanoparticle (1M H2SO4, 293K). 

Temp.

(k) 

kads 

(mol-

1) 

∆𝐆 (kj.

mol-1) 

∆𝐇 (kj.

mol-1) 

∆𝐒kj.m

ol1 

293 99206

35 

-49.0282 -14.2709 0.1186

26 

Kads high value indicates a strong  graft co-polymer 

nanoparticle adsorption on the metal surface, resulting 

in the creation of a protective layer that isolates the 

alloy's surface from the surrounding acidic 

medium.[40] Negative value for ΔHads , This indicates 

that the reaction is exothermic.[41] Negative Gads 

value  indicate that the adsorption of the graft co-

polymer nanoparticle on the surface of the carbon steel 

alloy is a spontaneous reaction. It is reported that ΔGads 

value  more than −40 kJ mol−1 indicate chemisorption 

( electron transfer between the orbitals of the inhibitor 

molecules and those of the metal to form co-ordinate 

bonding).[42-45] 

 

Conclusion 

The result of this study indicated that graft co-polymer 

nanoparticles that are used are efficient corrosion 

inhibitor. Also, as concentration of the retarder 

increases, density of the current corrosion reduces 

with increases of inhibition efficiency. 
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