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In the presence of nano silicon carbide (SiC) particles, using o-toluidine monomer as raw material and 

ammonium persulfate as the oxidant, the poly(o-toluidine)/nano SiC composite was prepared by in situ 

polymerization method. Fourier transformation infrared spectroscopy (FT-IR), UV-visible 

spectroscopy (UV-vis), X-ray diffraction (XRD) and Scanning electron microscopy (SEM) were used 

to characterize the composition and structure of the composite. Poly(o-toluidine) or poly(o-

toluidine)/nano SiC composite fillers were mixed with epoxy resin through a solution mixing method 

and the composite coatings were coated onto the surface of iron coupons. The corrosion resistance of 

the composite coatings was evaluated by electrochemical measurements in 3.5% NaCl solution as 

corrosion environment. The results obtained showed that poly(o-toluidine)/nano SiC composite 

containing coatings has got higher corrosion resistance than that of poly(o-toluidine). The 

enhancement of corrosion protection efficiency of poly(o-toluidine)/nano SiC composite containing 

coating is due to the formation of more uniformly passive film on iron surface and the addition of nano 

SiC particles increase the tortuosity of the diffusion pathway of corrosive substance. 
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1. INTRODUCTION 

The use of conducting polymers for the control of metals against corrosion is an area which is 

gaining increasing attention. Among the conducting polymers, the derivatives of polyaniline (PANI) 

have been gaining particular attention due to their excellent corrosion protection properties [1,2]. It has 
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been reported that the derivatives of PANI have remarkable capability to protect stainless steel and Cu 

from corrosion [3–5]. 

The literatures 6–8 have been investigated that the electronic-donating group substituent of 

PANI derivatives can be achieved more significant improvement in the corrosion protection properties. 

Benchikh et al. 9 found that soluble PANI derivatives such as poly(o-toluidine) (POT) and 

poly(aniline-co-orthotoluidine) have been considered as organic inhibitors that can reduce the 

corrosion rate of steel in 3.0% NaCl solution. As a major derivative of aniline, o-toluidine (OT) is 

substituted by electron-donating group (CH3), has been extensively used in the synthesis of dye, 

pesticide, pharmaceutical and organic intermediates. 

Generally, the inorganic additives play an important role in the improvement of polymers 

matrix properties, such as thermal, mechanical, electrical conductivity and corrosion protection 

properties [10–12]. Mostafaei et al. [13] prepared PANI/ZnO nanocomposite by in situ chemical 

oxidative method, the electrochemical measurements found that PANI/ZnO nanocomposite containing 

coating has got higher corrosion resistance than that of PANI in 3.5% NaCl solution. The inorganic 

nanoparticles such as SiC posses a good chemical stability, high strength and microhardness, low 

friction coefficient, good wear resistance and corrosion resistance at extreme environments 14. Shi et 

al. 15 prepared Ni–Co/SiC nanocomposite coatings by electrodeposition method, and found that the 

Ni–Co/SiC nanocomposite coating with better corrosion resistance may be ascribed to the favorable 

chemical stability of nano SiC particles, which contributing to reduce the hole size in the composite 

coatings and to prevent the corrosion pits from growing up. In this paper, poly(o-toluidine)/nano SiC 

composite were prepared by in situ polymerization method in hydrochloric acid (HCl) medium, and 

using of this composite in the preparation of a poly(o-toluidine)/nano SiC/epoxy composite coating. 

The corrosion resistance of poly(o-toluidine)/nano SiC/epoxy composite coating was investigated by 

potentiodynamic polarization and electrochemical impedance spectroscopy (EIS) in 3.5 % NaCl 

solution as corrosion environment, and was also compared with that of poly(o-toluidine)/epoxy 

composite coating and pure epoxy coating. 

 

 

 

2. EXPERIMENTAL 

2.1 Materials 

O-toluidine, ammonium persulfate (APS), hydrochloric acid (HCl), ammonium hydroxide 

(NH3H2O), sodium chloride (NaCl), butyl alcohol, dibutyl phthalate, ethanol, ethyl acetate and N-

methyl-2-pyrrolidone (NMP) were analytical grade and used as received. Epoxy resin (EP) and 

polyamide (low molecular weight 650) were obtained from Yichun Yuanda Chemical Co., Ltd. Nano 

SiC particles with particle size of 40 nm were obtained from Shanghai Chaowei Nano Technology Co., 

Ltd. All other chemicals were commercially available and used as received. 
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2.2 Preparation of poly(o-toluidine)/nano SiC composite powders 

Poly(o-toluidine)/nano SiC composite powders (POT/SiC) were prepared by in situ 

polymerization method, o-toluidine was distilled to colorless before to use. For this preparation, 80 mL 

of 1.0 mol/L HCl was added to 8.50 mL of o-toluidine monomer, 0.65 g of nano SiC particles was 

dispersed in o-toluidine hydrochloride solution by ultrasound, then the mixed solution were added to 

the three mouth flask and magnetic stirring for 30 min, to obtain the uniform dispersion of gray green 

solution. 18.26 g of APS as oxidant was dissolved in 120 ml of 1.0 mol/L HCl and the solution was 

added dropwise to the above mixture solution under vigorous stirring in an ice bath, the polymerization 

temperature less than 5 C was maintained for 6 h to complete the preparation process. The products 

was filtered and washed several times with ethanol and deionized water until the filtrate became 

colorless, and then were dried in a vacuum oven at 60 C for 20 h. The final POT/SiC composite in 

base form were received by immersed the above HCl-doped POT/SiC composite into 400 mL of 1.0 

mol/L NH3H2O solution under magnetically stirring for 3 h at room temperature, followed by re-

filtered, washed and dried. Pure POT was also prepared in an exactly similar method without the using 

of nano SiC particles in order to compare the structure and corrosion resistance with POT/SiC 

composite. 

 

2.3 Characterization of powders 

The FT-IR spectra of the samples were recorded using a Nicolet 380 spectrometer by the KBr 

pellet technique in the range of 4000~500 cm
–1

. The UV-vis spectra of the samples were recorded 

using a UV-2102PC spectrophotometer in the range of 200~850 nm, the samples were prepared by 

dissolving small a amount of a powder in NMP solution. The XRD spectra of the samples were 

recorded using a DX-2700 X-ray diffraction in the range of 10°~90°. The SEM images of the samples 

were recorded using a S-3400N digital scanning electron microscopy. 

 

2.4 Preparation of composite coatings onto the iron substrate 

The iron coupons with 3.5 cm×3.5 cm dimensions were used in corrosion studies. To remove 

any existing passive films and obtain a completely smooth surface, the iron coupons were 

mechanically polished using 320 and 600 grade emery papers respectively, followed by rinsing with 

acetone and ethanol, and then air-dried at room temperature before to use. As the only fillers, POT or 

POT/SiC composite powders were dispersed in epoxy and polyamide system by ultrasound, the fillers 

concentration was 5.0 mass%. The mixture solution of butyl alcohol and NMP was used as the solvent, 

dibutyl phthalate was used as the plasticizer and ethyl acetate was used as the defoaming agent. The 

composite coatings were directly coated onto the iron coupons substrate by using a brush coating 

method and cured at room temperature for 24 h after being cured at 60 C for 12 h. Uncoated iron 

coupon was used as reference samples to comparison corrosion resistance with pure epoxy coating (EP 

coating), POT/epoxy composite coating (POT/EP composite coating) and POT/SiC/epoxy composite 

coating (POT/SiC/EP composite coating). The total thickness of the coating was 100±5 um. Figure 1 
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shows the schematic preparation of poly(o-toluidine)/nano SiC/epoxy composite coating onto the iron 

substrate. 

 

 
 

Figure 1. Schematic preparation of poly(o-toluidine)/nano SiC/epoxy composite coating 

 

2.5 Evaluation of corrosion resistance of the coatings 

Adopt the test methods of electrochemical corrosion to evaluate the corrosion resistance of 

different coatings in 3.5% NaCl solution by using a CHl660D electrochemical analyzer. 

Potentiodynamic polarization and electrochemical impedance spectroscopy (EIS) were recorded for 

uncoated and coated iron coupons by using a three-electrode electrochemical cell with saturated 

calomel electrode (SCE) as reference electrode and platinum gauze as counter electrode, the uncoated 

and coated iron coupons were used as working electrodes. EIS were measured at the frequency range 

of 100 kHz~10 mHz with an AC amplitude of 10 mV, potentiodynamic polarization curves were 

measured between –1.2~0.2 V (vs SCE) at a scan rate of 5 mV/s. 

 

 

 

3. RESULTS AND DISCUSSION 

3.1 FT-IR characterization 

The FT-IR spectra of nano SiC, POT and POT/SiC composite are shown in Figure 2. It is 

clearly observed that the FT-IR characteristic absorption peaks of POT with the literatures are 

consistent [16–18]. The peak at 2913 cm
–1

 is attributed to the CH stretching of methyl group. The 

peaks at 1597 cm
–1

 and 1493 cm
–1

 are attributed to the C=C stretching vibrations of quinoid and 

benzenoid rings in POT chains, respectively. The peaks at 1302 cm
–1 

and 3395 cm
–1

 are attributed 

respectively to the CN and NH stretching vibration of linked with benzenoid rings. The peak at 

1161 cm
–1

 is attributed to C–H plane stretching vibration of quinoid rings and the peak at 816 cm
–1

 is 
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attributed to CH out plane bending vibration of benzenoid rings. From Fig. 2c, it can be seen that the 

characteristic absorption peaks of POT/SiC composite centered at around 3382, 2908, 1593, 1492, 

1299, 1158 and 811 cm
–1

, and all the absorption peaks related to POT have been shifted to lower wave 

numbers, which may be attributed to the incorporation of nano SiC particles into the POT matrix 

causing certain physicochemical interaction existed between POT and nano SiC particles. The certain 

physicochemical interaction may be the hydrogen bond 19. Fig. 2a the FT-IR spectra of nano SiC 

shows that the characteristic absorption peaks centered at 816 cm
–1

 and 3440 cm
–1

. Because the 

interaction existed between POT molecules and nano SiC, and the similar absorption peaks at the wave 

numbers existed in POT chains. These results suggest that the characteristic peaks of nano SiC turned 

to be weak or overlapped with characteristic peaks of POT. 

 

 
 

Figure 2. FT-IR spectra of (a) nano SiC, (b) POT and (c) POT/SiC composite powders 

 

3.2 UV-vis characterization 

The UV-vis spectra of POT and POT/SiC composite are shown in Figure 3. Fig. 3a shows that 

the two characteristic peaks of POT appear at around 311 nm and 615 nm, which are attributed to π–π* 

transition of the benzenoid rings and n–π* excitonic transition of benzenoid to quinoid rings 20,21, 

respectively. Form Fig. 3b, it can be found that the shape of UV-vis spectra of POT/SiC composite is 

similar to POT and the corresponding absorption peaks are blue shifted to 309 nm and 608 nm, 

respectively. The intensity of absorption peaks are corresponding increased. These results indicate that 

some interactions existed between nano SiC particles and POT molecules. The wavelength increased 

due to the interaction between nano SiC and –NH in POT molecules, thereby affecting the regularity 

and conjugated degree of POT molecule chains. This result is in a good agreement with FT-IR spectra 

of POT/SiC composite. 
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Figure 3. UV-vis spectra of (a) POT and (b) POT/SiC composite powders 

 

3.3 XRD characterization 

The XRD pattern of nano SiC, POT and POT/SiC composite are shown in Figure 4. From Fig. 

4a, it can be seen that the XRD pattern of nano SiC shows sharp and well defined peaks indicating the 

crystalline nature of nano SiC, the observed 2θ values are consistent with the standard JCPDS values 

(JCPDS No. 29–1129). From Fig. 4b, it can be clearly seen that POT exhibits a single broad diffraction 

peaks at 2θ values around 20°, which is the characteristic diffraction peak of POT, it indicates that 

POT is amorphous. When nano SiC particles are incorporated into POT matrix, it can be seen that the 

XRD pattern of POT/SiC composite is very similar to that of nano SiC and POT, just only the broad 

diffraction peaks of POT turns weak and the intensity of diffraction peaks of POT/SiC composite are 

lower than that of nano SiC. It implies that POT deposited on the surface of nano SiC particle has no 

effect on the crystalline structure of nano SiC, the presence of noncrystalline POT reduces the mass-

volume percentage of nano SiC and sequentially weakens diffraction peaks of nano SiC 22. 

 

 
 

Figure 4. XRD patterns of (a) nano SiC, (b) POT and (c) POT/SiC composite powders 
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3.4 SEM characterization 

The SEM images of nano SiC, POT and POT/SiC composite are shown in Figure 5. It can be 

seen that POT shows a floccule structure formed into irregular agglomerations, these materials connect 

with each other and create air-filled cavities which leads the compactness was poor. When nano SiC 

particles are dispersed in the reaction system act as the reaction cores, the adsorption of o-toluidine on 

the surface of nano SiC particles occurs and subsequent formation of POT. From Fig. 5c, it can be seen 

that the crystals of nano SiC particles are fully covered by POT in the case of POT/SiC composite and 

the composite shows a globular structure consisting of small globules and pores. This result indicates 

that nano SiC particles are encapsulated into the POT matrix can significantly improve the 

compactness of polymer. 

 

 
 

Figure 5. SEM images of (a) nano SiC, (b) POT and (c) POT/SiC composite powders 

 

3.5 Corrosion resistance of the coatings 

The corrosion resistance of pure epoxy coating, POT/EP composite coating and POT/SiC/EP 

composite coating were investigated in 3.5% NaCl solution as corrosion environment using 

potentiodynamic polarization measurement and electrochemical impedance spectroscopy (EIS) 

measurement. 

 

3.5.1 Potentiodynamic polarization measurement 

The potentiodynamic polarization measurement was performed to evaluate the corrosion 

resistance of the three coatings on iron substrates. The potentiodynamic polarization curves for coated 

iron coupons were recorded by sweeping of the potential from equilibrium potential toward negative 

and positive potentials against SCE reference electrode in 3.5% NaCl solution. The corrosion potential 

(Ecorr), corrosion current density (Icorr), corrosion rate (Vcorr), and polarization resistance (Rp) values of 

coated iron coupons calculated are based on the Tafel extrapolation method 23,24. Extrapolation of 

these curves to their points of intersection provides both the Ecorr and Icorr values. Generally, a higher 

Ecorr and Rp, a lower Icorr and Vcorr indicate better corrosion protection properties. The Rp values were 
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calculated from the potentiodynamic polarization curves, according to the Stearn-Geary equation 

[25,26]: 

2.303( )

a c
P

a c corr

b b
R

b b I



 

Where, Icorr is determined by an intersection of the linear portions of the anodic and cathodic 

sections of the potentiodynamic polarization curves, and ba and bc (ΔE/ΔlogI) are anodic and cathodic 

Tafel slopes, respectively. The uncoated and coated iron coupons immersed in 3.5% NaCl solution for 

a few days before to test. The potentiodynamic polarization curves of uncoated and coated iron 

coupons are shown in Figure 6, the Ecorr, Icorr, Vcorr and Rp values of uncoated and coated iron coupons 

are shown in Table 1. 

From Fig. 6 and Table 1, it can be seen that the Ecorr values of POT/SiC/EP composite coating 

are higher than that of POT/EP composite coating, pure epoxy coating and uncoated iron coupon, and 

positive shifted about 108, 253 and 432 mV, respectively. The Icorr and Vcorr values of POT/SiC/EP 

composite coating are lower than that of POT/EP composite coating, pure epoxy coating and uncoated 

iron coupon about 3, 10 and 118 times, respectively. The Rp values of POT/SiC/EP composite coating 

are higher than that of POT/EP composite coating, pure epoxy coating and uncoated iron coupon about 

3, 12 and 159 times, respectively. In addition, the higher ba values as compared to bc values indicates 

that the application of the external current strongly polarizes the anode [27]. From Table 1, it can be 

seen that POT/SiC composite coating inhibit more the anodic and cathodic reactions, this result 

indicates that POT/SiC composite containing coating coated onto iron coupon surface influence the ba 

values, as a consequence the anodic dissolution was decelerated.  

 

 
 

Figure 6. The potentiodynamic polarization curves of (a) uncoated iron coupon, (b) EP coating, (c) 

POT/EP composite coating and (d) POT/SiC/EP composite coating 

 

Undoubtedly, POT/SiC/EP composite coating has a higher Ecorr and Rp values but a lower Icorr 

and Vcorr values. It indicates that the corrosion resistance of POT/SiC/EP composite coating is better 

than that of other two kinds of coated iron coupons. The mechanism of the enhanced corrosion 

protection effect of POT/SiC/EP composite coating is a result of the well dispersed nano SiC particles 
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incorporated into POT matrix that obviously improved the barrier properties of polymer, and it is also 

known that POT protects metal substrate against corrosion by its electrochemical protection 

mechanism, which the formation of Fe3O4 and γ-Fe2O3 as precursors of a passive layer to protect the 

underlying metal 28,29. When POT/SiC composite fillers dispersed in epoxy and polyamide system, 

POT/SiC/EP composite coating containing three different materials and enjoying the combined 

properties, it act as a fence structure that block the diffusion of corrosion substances. So it is very 

effective in the protection of underlying iron coupon. 

 

Table 1. Corrosion potential, corrosion current density, corrosion rate and polarization resistance of 

coated samples in 3.5% NaCl solution evaluated by potentiodynamic polarization measurement 

 

Samples 
Ecorr (mV 

vs. SCE) 

Icorr 

(A/cm
2
) 

vcorr 

(mm/year) 

ba 

(V/dec) 

bc 

(V/dec) 

Rp 

(kΩ.Cm
2
) 

Uncoated iron coupon 932 3.0910
–5

 3.6210
–1

 0.12 0.08 0.69 

EP coating 753 2.3910
–6

 2.8010
–2

 0.12 0.10 9.02 

POT/EP composite coating 608 6.6010
–7

 7.7210
–3

 0.13 0.12 41.05 

POT/SiC/EP composite 

coating 
500 2.6310

–7
 3.0810

–3
 0.14 0.13 109.76 

 

3.5.2 EIS measurement 

The EIS measurement was also performed to evaluate the corrosion resistance of the different 

coatings on the iron coupon surface. The EIS curves of uncoated and coated iron coupons immersed in 

3.5% NaCl solution for a period of time are shown in Figure 7. It is possible to use the diameter of the 

partially formed semicircle in EIS curves as an indicator of the corrosion rate 6,30–31. Generally, 

larger diameter values point to slower corrosion rate and higher corrosion protection properties. It can 

be observed from Fig. 7 that the EIS curves of all iron coupons display similar characteristics, a 

depressed semicircle in the high frequency regions and no diffusion impedance in the low frequency 

regions. The diameter of EIS curves (a–d) shows that the diameter of POT/SiC/EP composite coating 

is the largest and the uncoated iron coupon is the lowest, which means the corrosion resistance of 

POT/SiC/EP composite coating is the best. This result is in accordance with potentiodynamic 

polarization measurement. 

For uncoated iron coupon, because it has no protection layer, the EIS curve is characteristic of 

a system undergoing dissolution with the precipitation of a corrosion film on the iron surface, resulting 

in the resistance values is the lowest. For pure epoxy coating, the epoxy resin has a certain corrosion 

protection ability, but the poor barrier properties of the epoxy coating without any filler, the small 

molecules (oxygen and water) or ions can easily penetrate epoxy coating film and freely corrode the 

iron surface, resulting in a low resistance values. POT/EP composite coating containing POT fillers, 

the increased resistance values could be due to the passivation and barrier effects of POT, which 

maintains the potential of the iron coupon in the passive region [32], and the interactions of polar 

groups between POT fillers and epoxy resin can facilitate greater adsorption on iron surface. This 
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result indicates that the POT fillers dispersed in the epoxy and polyamide system, the composite 

coating have a greater capability of forming uniform compact adsorbed layer over iron substrate and 

decrease the effective area for corrosion reaction by blocking the reaction sites. Fig. 7d shows that 

POT/SiC/EP composite coating has got higher corrosion protection properties than POT/EP composite 

coating. The better corrosion protection properties of POT/SiC composite containing coating than that 

of POT is due to its relative good dispersity so that it can be dispersed uniformly in epoxy and 

polyamide system which can facilitate to maintain the passive layer uniformly on the iron surface. 

Furthermore, this is also due to the barrier properties of nano SiC particles, which could more 

effectively increase the tortuosity of the diffusion pathway of oxygen, water and chloride ions. 

 

 
 

Figure 7. EIS curves of (a) uncoated iron coupon, (b) EP coating, (c) POT/EP composite coating and 

(d) POT/SiC/EP composite coating 

 

 

 

4. CONCLUSIONS 

Poly(o-toluidine)/SiC composite has been successfully preparation by in situ polymerization 

method in the presence of o-toluidine monomer and nano SiC particles using ammonium persulfate as 

oxidant in hydrochloric acid medium. FT-IR spectra and UV-vis spectra indicate that some interaction 

exists between POT chains and nano SiC particles. XRD patterns indicate that the crystalline 

performance of nano SiC particles is not effect by POT. SEM images indicate that nano SiC particles 

are evenly dispersed in POT matrix, and significantly improve the compact structure of POT 

molecules. The corrosion studies of all coated iron coupons in 3.5% NaCl solution by electrochemical 

measurements have shown that POT/SiC/EP composite coating has got higher corrosion resistance 

than that of POT/EP composite coating and pure epoxy coating. The higher corrosion protection 
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properties of epoxy coating containing POT/SiC composite fillers has been associated with increase in 

the barrier and passivation effects. 
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