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Abstract: This work describes the preparation of conducting polymer composites and their use as corrosion protection coatings for 

aluminum and mild steel. Two doped forms of Polyaniline (PANI) (PANI- Dodecylbenzenesulfonic acid-DBSA and PANI-Graphite) 

were prepared. A new procedure for synthesis of Polyaniline has been developed by inverse emulsion process in order to make it 

readily soluble in Polyurethane (PU) paint which can then be directly applied on the substrate and dried easily within 20-30 minutes 

without evolution of toxic vapors. The two forms of PANI blended with PU were coated on aluminum and mild steel sheets. The 

corrosion protection performance of the coating was tested using salt spray and immersion techniques. Rate of corrosion was 

determined by measurement of change in metal weight after the exposure. To produce a good comparison, the corrosion study was 

performed on both polymer-coated and uncoated metal samples. It was found that PANI-PU coatings can provide considerable 

protection, as well as a physical barrier against corrosive environments (NaCl) in which the metal are exposed. The corrosion rate for 

the polymer-coated mild steel and aluminum sheets were significantly lower than the bare sheets. The PANI composites have been 

found to be promising materials for corrosion prevention 
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1. Introduction 

World is losing billions of dollars, as much as 2.5 trillion USD in 2013 alone [1] and India lost 40 billion (approx.. 2.4% of its GDP) 

[2] due to the deterioration of metals and alloys by a naturally occurring electrochemical process called corrosion in which materials 

tend to acquire a stable lowest energy state as against high energy metals and alloys [3]. It is nevertheless to say that preventing 

corrosion altogether by using whatever preventing methods available is not possible. However, a careful management and control 

practices can save 15 – 35% of economic losses [4]. When it comes to engineering alloys such as steel and aluminum which are the 

most widely used materials as they have considerable natural protection against corrosion due to the formation of an impervious 

oxide layer on their surface. But these materials also do not offer long-lasting protection against corrosion due to localized depletion 

of the oxide layer [5]. 

Both manufacturers and consumers use different preventive methods to overcome the corrosion of materials. Therefore, there is a 

requirement of scientific research either to prevent or minimize the corrosion [6, 7]. The presently available techniques are proper 

material selection and design of the equipment, surface coatings like paints and varnishes, corrosion inhibitors (chromates, silicates 

and organic amines), impressed current cathodic protection (ICCP) and sacrificial anodic protection (SAP) [8]. These preventive 

measures are not long lasting and eventually fail causing the delaminating [9, 10]. To prolong the protective barrier life-time, 

pretreatment coatings containing phosphates, chromates and oxides are applied before application of any organic coating [11].  

Hexavalent chromium is one such important and widely used primer of chromate conversion coating (CCC) [12]. But unfortunately it 

is a known fact that chromium is a carcinogen and has detrimental environmental effects [13]  

 

http://www.ijcrt.org/


www.ijcrt.org                                                            © 2020 IJCRT | Volume 8, Issue 9 September 2020 | ISSN: 2320-2882 

IJCRT2009130 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 963 
 

Conducting polymers are better replacements for chromate and zinc coatings as they provide passivation to stainless steel under high 

acidic conditions [14] and also cost effective [15]. Polyaniline (PANI) is one of the well-known highly tunable and environmentally 

friendly conducting polymers [16, 17]. It is easier to synthesize and has good electrical conductivity (4.4 Scm-1). Polyaniline can be 

produced in bulk quantity as powder, films and fibers [18]. Polyaniline finds numerous applications in corrosion protection, batteries, 

sensors, electro-optic and electrochromic devices [19]. 

In polymerization process aniline molecules can be arranged in head-to-tail fashion at the para position of the aromatic ring while 

polymerizing to polyaniline in a linear octameric structure [20]. Considerable amount of flexibility is provided by –NH– groups and 

rigidity by phenyl rings to the polyaniline chain. Varying physicochemical properties of polyaniline can be attributed to the –NH– 

group which is due to the difference in the composition of amine and imine segments of polyaniline creates numerous oxidation 

states ranging from completely reduced leucoemeraldine to completely oxidized pernigraniline states, green protonated emeraldine 

being the most common form [18] which exhibits electrical conductivity. Redox methods can be utilized to interconvert PANI into its 

various forms [21].  

The synthesis of PANI can be carried out either by the direct oxidation of aniline by chemical oxidants and or through electro 

oxidation on an inert electrode, Figure-1. PANI has a twofold use as corrosion inhibitor and as a protective coating [15] in corrosion 

prevention. PANI, in soluble form, is adsorbed on the metal surface by C=N functional group preventing anodic and cathodic 

reactions taking place on the metal surfaces of stainless steel, iron, mild steel, copper, aluminum and zinc [7]. PANI can be blended 

with epoxy resin and applied on the metal surface as a protective coating [7, 22]. Counter ions play crucial role PANI acrylic coatings 

toward the protective performance of the coatings [23]. Solubility of PANI in a variety of solvents makes it a good choice for 

corrosion prevention coatings as against other conducting polymers which are not soluble in any solvent. 

 

The main objective of the present investigation is to synthesize polyaniline conducting polymers and to check how effective they are 

as corrosion inhibitors. In this effort two such polyaniline composites namely, polyaniline- dodecylbenzenesulfonic acid (PANI-

DBSA) and polyaniline-graphite (PANI-Graphite) have been synthesized on a laboratory scale. Performance of these polymer 

composite materials has been tested as corrosion inhibitors by methods such as salt spray test and simple immersion test. 

 
2. Experimental 

All the required reagents and materials were acquired from well-known manufacturers like Aldrich, Rankem, Loba Chemie and SRL 

laboratories. Double distilled water has been used throughout the research work. 

 
2.1 Sample Preparation 

2.1.1 Preparation of Polyaniline –DBSA  

In this method, synthesis of polyaniline was carried out by Inverse emulsion using DBSA as a protonating agent. Benzoyl peroxide 

was added to toluene in a 100 ml round-bottomed flask. The mixture was kept under mechanical stirring. 2-propanol, DBSA and 

aniline were added to the above mixture. Water was added to this clear solution to form an inverted emulsion. Four different 

experiments have been done by the same procedure by varying the ingredients, Figure-1. The amount of each ingredient 

corresponding to each experiment is shown in Table-1. 

 
Here aniline-DBSA salt and 2-propanol in water form dispersed phase whereas benzoyl peroxide and 2-propanol in toluene form 

continuous phase. The reaction mixture gradually turns green in 2.5 hours and the stirring was continued for 24 hours at room 

temperature. The solution was then filtered by vacuum through a Whatman filter paper. At the end of the reaction, organic phase 

containing the polymer was separated.  
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Table 1: Amount ingredients used for the preparation of PANI-DBSA 

Reagent 

 

       Expt. No. 

Aniline 
Benzoyl  

peroxide 

(BPO) 

Toluene 2-propanol DBSA* Distilled 

water 

Expt-1  5.5 ml 24 g 100 ml 40 ml 34.48 g 50 ml 

Expt-2  11.5 ml 24 g 50 ml 30 ml 34.48 g 50 ml 

Expt-3  11.5 ml 24 g 50 ml 30 ml 17.24 g 50 ml 

Expt-4  11.5ml 24 g 50 ml 20 ml 0 g 50 ml 

              * Dodecylbenzenesulfonic acid 

 

 

Figure 1: Scheme of Preparation of PANI - DBSA 

2.1.2 Preparation of Polyaniline-Graphite 

The method involves synthesis of polyaniline using graphite as a dopant. Graphite is known to increase conductivity; hence its 

percentage was varied gradually, and various types of compositions were prepared. A sample of dry graphite was dispersed by 

agitation overnight in 200 ml water and 200 ml of 1M HCl into a beaker containing 18ml of aniline. The solution was cooled to about 

0oC. Then 22.8 g Ammonium persulfate, A.R. (APS) in 60ml of distilled water was prepared and added drop wise into the above 

mixture and kept at 0oC. The reaction mixture was allowed to stir overnight. The solution was then filtered by vacuum through a 

Whatman filter paper and washed with distilled water. The cake was then washed twice with 50 ml 1M HCl. The sample was then 

dried under vacuum. Five different samples were prepared using the same procedure by varying the amount of graphite, Figure-2, 

Table-2.  
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Figure 2: Scheme of Preparation of PANI - Graphite 

        Table 2: Amount of graphite used for the preparation of PANI-Graphite 

Experiment Amount of Graphite 

(grams) 

Expt-5 8 

Expt-6 4 

Expt-7 2 

Expt-8 1 

Expt-9 0 

 

2.1.3 Preparation of PANI-PU Mixture 

The polyurethane (PU) paint comprises of two components, PU resin and hardener. For our experiment the PU resin used has been 

prepared by condensation polymerization of polyol i.e., polyethyleneglycol and acrylic acid and the hardener is hexamethylenedi-

isocynate (HMDI). The thinner used was a mixture of xylene and butyl acetate. The ratio of resin: hardener is 4:1 volume wise and 

thinner used was between 1-3 ml. Each of the PANI samples was mixed with a sample of PU paint, R-1004 and all of them were 

found to be miscible. The percentage composition of PU with hardener used for painting of mild steel and aluminum sheets is listed 

in Table-3. 
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2.1.4 Preparation of metal sheets  

Commercial grade mild steel and aluminum samples were prepared for corrosion test. In order to reproduce data, similar areas (15.24 

x 15.24 cm2) and thickness (0.2 cm) of the aluminum metal and mild steel coupons were used and each sheet was coated with the 

formulations prepared in Table-3. 

 
Table 3: Preparation of PANI-PU mixture for paint formulation. 

Sample Quantity 
Amount of  

PU* Resin (mL) 

Amount of HMDI** 

(Hardener) (mL) 

Expt-1 100 mL 160  40  

Expt-2 100 mL 160  40  

Expt-3 100 mL 160  40  

Expt-4 100 mL 160  40  

Expt-5 20 g 160  40  

Expt-6 20 g 160  40  

Expt-7 20 g 160  40  

Expt-8    20 g 160  40  

Expt-9    20 g 160  40 

* Polyurethane 
                                               ** Hexamethylenediisocynate 

 
2.2 Anti-Corrosion Performance Test 

2.2.1 Salt spray test  

Salt spray test (ASTM B117) is a popular, cheap, quick and standard test yields a corrosive attack on the sample under investigation 

thereby predicting the suitability of any protective coating. This test widely produces uniform data for metals and alloys used in the 

process industries and structural applications. Salt test is carried out inside a uniform temperature (35oC) and 97% humidity 

containing test chamber in which a continuous 5% NaCl salt solution was sprayed on the surfaces of the sample mild steel and 

aluminum sheets under investigation.   The test materials each coated with different samples prepared with coating thickness of 45 

microns were exposed to the same environment in the test chamber for an exposure time of 500 h and the change of weight of the 

material was estimated for a period of time. To produce a good comparison, the corrosion study was performed on both polymer-

coated and bare metallic samples. Bare samples were used as a reference and the loss of weight of the material is measured for a 

period of time. To evaluate the corrosion resistance behavior equation-1 was used. 

                        Rate of corrosion, CR =  
𝑲𝒙𝑾

𝑨𝒙𝑻𝒙𝑫
   …  …  …        (1) 

Where; K is conversion constant (2.40x106), W is the weight loss or weight difference in (g) before and after corrosion, T is the time 

(hours), A is the area of the coupon (cm2), and D is density of the metal (g/cm3). The results of the salt spray test have been 

presented in Table-4. 
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Table 4: Anti-corrosion performance test results (Salt spray test) 

Sheet 

Code 
Material 

Coating 

Sample code 

Corrosion rate 

(CR*, MDD**) 

A Aluminum Expt-9 0.25 

B Aluminum Expt-6 0.15 

C Aluminum Expt-5 0.05 

D Aluminum Expt-3 0.13 

E Aluminum Expt-1 0.25 

F Aluminum Blank 4.93 

G Mild Steel Expt-2 1.45 

H Mild Steel Expt-4 3.56 

I Mild Steel Expt-7 2.75 

J Mild Steel Expt-8 4.38 

k Mild Steel Blank 105.45 

           * Corrosion Rate 
          ** Milligrams per square decimeter per day 

2.2.2 Immersion Test 

To generate uniform corrosion data the metal sheets were exposed to different aggressive and corrosive conditions (e.g., NaCl) in a 

beaker. The rate of corrosions was calculated using the equation-1. 100 hours of exposure time and a concentration 1 M NaCl 

solution at room temperature has been fixed. The test results have been presented in Table-5. 

 

2.2.3 Effect of Concentration of NaCl on the Corrosion Rate 

To find out the effect of salt concentration on corrosion rates, mild steel and aluminum plates coated with Expt-2 samples were 

exposed to NaCl solutions with different concentrations. To produce a good comparison, the corrosion study was performed on both 

polymer-coated and bare plates. 100 hours of exposure time and a concentration 1 M NaCl solution at room temperature has been 

used. 

 

Table 5: The effect of NaCl concentration on corrosion rates in MDD* 

Concentration of NaCl (M) 0.125 0.25 0.5 0.75 1.0 1.5 2.0 

CR** for coated MS*** sheet 1.25 2.35 2.62 3.17 3.83 4.56 5.93 

CR for blank MS sheet 124 143 175 201 228 210 156 

CR for coated Al sheet 0.015 0.02 0.04 0.06 0.09 0.85 0.50 

CR for blank Al sheet 12.35 18.80 20.60 25.25 35.00 34.45 30.00 

   * Milligrams per square decimeter per day 

   ** Corrosion Rate 
                         *** Mild Steel                                                      
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2.2.4 Effect of Solution temperature on corrosion rate  

Effect of solution temperature on the rate of corrosion of mild steel and aluminum plates coated with Expt-2 samples has been 

carried out. 100 hours of exposure time and a concentration 1 M NaCl solution at room temperature has been used. 

 

Table 6: The effect of solution (electrolyte) temperature on corrosion rates in MDD* 

Test solution temperature (oC) 20 40 60 80 100 

CR** for coated MS*** sheet 3.50 10.15 27.35 20.40 15.90 

CR for blank MS sheet 180.25 270.65 315.67 260.95 140.30 

CR for coated Al sheet 0.28 2.20 2.80 4.10 3.75 

CR for blank Al sheet 32.50 80.75 95.15 80.35 78.45 

   * Milligrams per square decimeter per day 

   ** Corrosion Rate 
   *** Mild Steel                                                      

 

Table 7: Anti- corrosion performance test results (Immersion test) 

Sheet 

Code 
Material 

Coating 

Sample code 

Corrosion rate 

(CR*, MDD**) 

A Aluminum Expt-9 0.12 

B Aluminum Expt-6 0.20 

C Aluminum Expt-5 0.11 

D Aluminum Expt-3 0.13 

E Aluminum Expt-1 0.45 

F Aluminum Blank 5.27 

G Mild Steel Expt-2 1.45 

H Mild Steel Expt-4 3.56 

I Mild Steel Expt-7 2.75 

J Mild Steel Expt-8 4.38 

K Mild Steel Blank 125.25 

* Corrosion Rate 
** Milligrams per square decimeter per day 

 

 

3. Discussion 

Corrosion monitoring was performed by salt spray and simple immersion tests followed by the determination of the change in metal 

weight after the exposures. In a normal corrosion reaction, metal surface which is devoid of atmospheric oxygen due to dirt, dust, 

water etc. releases electrons and the surrounding areas of metal surface, where oxygen concentration is more, accept these electrons in 

presence of moisture and produce hydroxyl ions by redox reactions. Further, these hydroxyl ions react with base metal cations and 

converted into their oxides called rust as shown in the reaction (1).  

 

 …    …   … (1) 

Polyaniline coating alters the electrochemistry of the metal surface by stabilizing the electric potential of the metal by making a 

protective passive film [24]. Metal dissolution is minimized by the polymer charge thereby stabilizing the electric potential of the base 

metal [25]. Several mechanisms [26, 27] are available to explain the functioning of PANI from barrier effect to maintaining a passive 

oxide layer on the metal surface. However, none of the mechanisms explain satisfactorily. In one such mechanism, PANI oxidizes the 
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metallic iron to Fe2+ then to Fe2O3. In the process first PANI gets reduced to leucoemeraldine and by gaining oxygen again oxidizes 

to emeraldine salt [22, 25] Figure-3. Metal passivation (formation of a thin, compact, adherent, and passive layer of Fe2O3 at the 

interface) may be due to the redox catalytic effect of PANI.  

 

 
Figure 1: Corrosion Protection Mechanism by PANI 

It was found that PANI-PU coatings can provide good protection against corrosive environments in which the metals are exposed. 

The corrosion rate for the polymer coated steel and aluminum sheets was significantly lower than the bare metal sheets (~10 times) 

(Table-5).  The corrosion rate is then reported as milligrams per square decimeter per day (MDD) throughout the text, in accordance 

with ASTM.  

 
It is visibly clear from the results obtained (Table-3 and Table-4) that the highest corrosion inhibition was observed when high ratio 

of DBSA and graphite to aniline was used for the preparation of the PANI composite. The difference in their composition and then 

density of PANI composite coatings might be the reason for these observations. 

 

The trend, in case of increasing concentration of salt solution, is obvious from the results obtained that the corrosion rates increase as 

concentration of the salt solution increases until the salt concentration reaches 1 M. The stripping of protective coating happens at 

higher chloride ion concentration leading to higher rates of corrosion which also include the increase of rate of cathode migration 

[28]. As the salt concentration increases beyond 1 M, the rate of corrosion decreases steadily except the coated MS sheet (Table-5; 

Figure-4). High corrosion rates observed above 1 M salt solution in case of coated MS sheet may be due to the accumulation of high 

chloride concentration underneath the coated film results in anodic polarization [29, 30]. 
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Figure 4: Effect of NaCl concentration on Corrosion Rates 

 

Apart from the above parameters there are also significant environmental effects on the rates of corrosion such as O2 concentration 

in electrolyte as well as in atmosphere, pH of the electrolyte and the temperature. Results on the effect of solution (electrolyte) 

temperature on corrosion rate (Table-6; Figure-5) prove that the high corrosion stability is due to the coatings of PANI composite on 

steel and aluminum plates. Rate of corrosion reaches a maximum at 60oC, and then drops again for both coated and uncoated metallic 

plates. This can be due to a decrease in concentration of oxygen in the water at elevated temperatures. The increased rate of chemical 
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reaction achieved with increased temperature is balanced by a decreased cathodic depolarization reaction owing to the inverse 

solubility of oxygen in the solution.  
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Figure 5: Effect of Temperature on Corrosion Rates 

 

 
4. Conclusion 

Conducting polymers are versatile, promising and latest corrosion resistant materials. There are different methods of synthesis are 

available based on their processing, stability, and ease of blending. A new concept in the synthesizing process has been used in the 

present investigation i.e. the substituted anilines were used for polymerization which improves its solubility. Though a number of 

oxidizing agents are available for such polymerization, in the present investigation only two, viz. Ammoniumpersulphate (APS) and 

Benzoylperoxide have been used. Benzoylperoxide has certain advantages over APS as its solubility in many organic solvents, less 

chances of over-oxidation and easiness to remove byproducts. The corrosion protection performance of the coating was tested using 

salt spray tests and immersion tests followed by the determination of change in weight of metallic samples. The results obtained 

showed that PANI-PU coatings can provide considerable protection, as well as a physical barrier against corrosive environments (e.g., 

NaCl) in which the metal are exposed. The corrosion rate for the polymer-coated mild steel and aluminum sheets were significantly 

lower than the bare sheets (~10 times).  

 

In conclusion, polyaniline coatings on active metals like iron provide anodic protection, act as electronic, chemical, and physical 

barriers to inhibit anodic reaction, and maintain high resistance to ionic flow, thereby blocking the metal dissolution and providing 

excellent corrosion protection.  
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