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Abstract: A facile process was developed to fabricate rGO/fluoroethylene vinyl ether 

(FEVE) nanocomposite coating for anti-corrosion application. Dry rGO modified with 

PS sphere were prepared with good re-dispersibility and directly added into FEVE 

organic paint, forming a rGO/FEVE nanocomposite coating. Furthermore, the effect 

of modified rGO on structure and properties of composite coating was investigated in 

detail. It was found that the composite coating (1.5wt%) displayed best mechanical 

properties (e.g. adhesion strength of 14 MPa) and anti-corrosive performance (e.g. 

corrosive current density of 7.6×10-12A/cm2) comparing with other composite coating 

based on rGO. This work thus provides a facile and environmentally friendly method 

to prepare novel nanocomposite coatings with enhanced performance for various 

practical applications. 
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1. Introduction 

 Reduced graphene oxide (rGO)-based polymer nanocomposites have attracted 

lots of attentions for protection metals from corrosion due to their unique properties, 

such as high surface area, nanometric thickness, impermeable against oxygen and 

water [1-3]. Solution mixing is arguably the simplest and most effective method to 

prepare rGO-based polymer nanocomposites [4-5]. In general, this method involves 

mixing colloidal suspension of rGO with polymer solutions via shear-mixing or 

stirring. Most of previous research works focuses on the preparation of rGO-based 

polymer nanocomposites by mixing rGO and water-soluble polymers in aqueous 

media because modified rGO nanosheets usually display good dispersibility in 

aqueous solution [6-13]. However, the waterborne polymer coatings suffer insufficient 

anti-corrosion performance compared to the coatings made of hydrophobic polymers, 

such as epoxy resins, polyurethane, silicone-acrylate resin, fluoroethylene vinyl ether 

(FEVE) resin and rubbers, which are dissolved in various organic solvents. Therefore, 

in order to further enhance the anti-corrosion performance of rGO/polymer 

composites, it is necessary to improve the dispersibility of rGO nanosheets in organic 

solvents to provide a uniform rGO/polymer suspension. Generally, there are two 

approaches to improve the dispersibility of rGO nanosheets in organic solvents. One 

method is to remove the water in the modified rGO nanosheets via thermal drying, 

followed by re-dispersing in organic solvents. The disadvantage of this method is that 

irreversible aggregation is easily formed during the thermal drying process. Another 

method is to wash the modified rGO nanosheets with organic solvents to completely 

remove water. Then the modified rGO nanosheets were dispersed in organic solvent 

under ultrasonication. In this method, the rGO nanosheets show good re-dispersibility 

in organic solvent, however it involves multi-step purification and a large number of 

organic solvents are used, restricting its practical application. Therefore, it is still a 

challenge to develop a "green", versatile and cost-effective method for preparing rGO 

and oil-soluble polymer nanocomposite coatings. FEVE resin has been widely applied 

in anti-corrosive industry due to its excellent resistance to weather, acid rain, salt fog 

and chemicals [14-16]. FEVE resin can only be dissolved in organic solvents, which 
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brings difficulties to the preparation of rGO/FEVE nanocomposite coatings for 

anti-corrosion applications. 
 In this paper, a novel method for the preparation of rGO/FEVE nanocomposite 

coatings was developed. The rGO nanosheets was modified with polystyrene (PS) 

nanospheres to reduce van der Waals interaction between rGO nanosheets, 

suppressing irreversible aggregate of dry rGO nanosheets. At the same time, the 

attached PS can provide enhanced re-dispersibility of rGO in organic solvent. 

Thereafter, the dry modified rGO nanosheets were directly added into the FEVE 

solution to afford a stable and uniform mixture, which can be applied in real 

anti-corrosion industry.  

2. Experimental 

2.1 Materials 

Graphene oxide aqueous solution (1 mg/mL) was purchased from Tangshan 

Jianhua Technology Development Co., Ltd. Hydrazine hydrate and polyvinyl 

pyrrolidone (PVP) were purchased from Tianjin guangfu technology development Co., 

Ltd. NaHSO4, K2S2O8 and styrene (St) were purchased from Aladdin Industrial 

Corporation. All reagents except St were used as received without further purification. 

St was washed with 5.0% NaOH solution to remove the phenolic inhibitors. Fluoro 

resin was purchased from Shan Dong Ying Qiang New Materials Technology Co., Ltd. 

The steel panels (Q235, 120mm×50mm×0.2 mm) were purchased from Biuged 

Laboratory Instruments (Guangzhou) Co., Ltd., Guangzhou, China. 

2.2 Preparation of PS-PVP@rGO/FEVE nanocomposite coating 

The PS-PVP@rGO/FEVE nanocomposite coatings were prepared by a two-step 

method as shown in following. Firstly, 0.15 g PVP was dissolved in 100 mL graphene 

oxide (GO) aqueous solution under ultrasonication for 5 min to form a GO/PVP 

(PVP@GO) suspension. And then 0.05g NaHSO4, 0.05g K2S2O8 and 2.5g St were 

added into above aqueous solution, which was heated to 70℃ for 6 hours 

under nitrogen protection. The PS-PVP@GO was further reduced by hydrazine 

hydrate (40 wt%) at 80℃ for 2 hours to afford the PS-PVP@rGO, followed by a 

spray-drying process to remove water. Secondly, the dry PS-PVP@rGO nanosheets (0, 

0.5, 1, 1.5 and 2 wt%), FEVE resin (40wt%) and curing agent were mixed in xylene 

under mechanically stirring. the mixtures were coated on the surfaces of Q235 carbon 

steel substrates via spray-coating. The composite coatings were cured at room 
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temperature for 48 hours, forming a uniform nanocomposite coating.  

2.4 Measurements and characterization 

Fourier transform infrared spectrometer (FT-IR) (Thermo Nicolet 360) was 

carried to examine the different chemical bonds. 

The Raman spectroscopy was characterized by a LabRAM HR-800 Raman 

spectrometer with an incident laser beam of 532.4 nm (Horiba Scientific). 

Scanning electron microscopy (SEM) images were acquired using Su-8010 

electron microscopy (HITACHI Japan). 

The knife-scratch and pull-off tests were carried out according to ASTM D 

3359-09 and GB/T 5210-2006 respectively to determine the adhesion strength of the 

coatings to the substrate.  

The falling weight tests were conducted to measure the impact resistance 

according to GB/T1732-1993. 

2.5 Electrochemical measurements 

All the electrochemical corrosion measurements were performed with a 

standard three-electrode in electrochemical workstation (CHI660C, Chenhua, 

Shanghai) at room temperature. The uncoated or coated carbon steels were applied as 

the working electrode. The saturated calomel electrode (SCE) and Pt wire were used 

as the reference and counter electrode, respectively. All tests were conducted in a 

corrosive medium (3.5 wt% sodium chloride solution). The working electrode was 

immersed in the corrosive medium for 1 hour to ensure a steady state before the 

measurements. The corrosion current density (Icorr) and corrosion potential (Ecorr) 

were calculated by Tafel method. The polarization resistance (Rp) was determined by 

the following equation [16]. 

                                 

 

Where ba and bc are the slopes of the anodic and cathodic Tafel plots, 

respectively. 

The corrosion rate (Vcorr) is calculated from the following equation [17]: 

 

 

Where A is the molecular weight of metal (55.85 g/mol), n is the chemical 
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3. Result and discussion 

The synthesis of dry PS-PVP@rGO powders with good re-dispersibility in 

organic solvents is a key challenge for the preparation of uniform rGO/FEVE 

nanocomposite coatings. Generally, dry pure rGO nanosheets tend to form irreversible 

aggregates due to their large surface area and strong van der Waals interaction [18]. 

Therefore, dry pure rGO nanosheets are difficult to re-disperse in water or other 

organic solvents, even modified with organic molecules [13]. It is known that van der 

Waals interactions decrease with increasing in the d-spacing between nanosheets [19]. 

From this respective, enlarging the d-spacing is an effective way to suppress the van 

der Waals interactions and prevent the formation of irreversible rGO aggregate. In 

this study, PS nanospheres were coated on the surface of rGO under assistance of PVP 

to extend the d-spacing, thereby reducing the van der Waals interaction between dry 

rGO nanosheets, and enhancing the re-dispersibility of dry PS-PVP@rGO nanosheets 

in organic solvents.  

The formation and structure of PS-PVP@rGO was confirmed and characterized 

by the IR, Raman, SEM and TEM images. Fig.1A shows the IR spectra of pure rGO 

and PS-PVP@rGO product. For the pure rGO sample, there was only one obvious 

absorption peak at 1637cm-1, which was assigned to C=O of rGO [20]. For the 

PS-PVP@rGO sample, there presented some new absorption peaks, which were 

assigned to PVP and PS. For example, the absorption peaks at 1650 cm-1 and 1281 

cm-1 were assigned to C=O and C-N vibrations of PVP, respectively [20]. The 

absorption peaks at 1601 cm-1 and 1492 cm-1 were assigned to (C=C) stretching 

vibration of benzene ring in PS [21]. The absorption peaks at 3081 cm-1, 3059 cm-1 

and 3021 cm-1 were assigned to the C-H stretching vibration of benzene ring in PS 

[22]. The result indicated that the products contained both PS and PVP components. 

In addition, it was found that it showed similar IR spectra for the PS-PVP@rGO 

before and after dispersing in xylene. The result indicated that PS was adsorbed on 

surface of rGO under assistant of PVP. The Raman spectrum of PS-PVP@rGO was 

also characterized as shown in Fig.1B. It clearly showed two absorption peaks at 

1308.9 and 1595 cm-1, which were assigned to D and G band of rGO, respectively, 

suggesting that the product contained rGO component [5]. These results confirmed 

the formation of PS-PVP@rGO. Fig.1C and Fig1D shows the SEM images of pure 

rGO and PS-PVP@rGO, respectively. Pure rGO and PS-PVP@rGO sample both 

clearly showed sheet-like materials. In a comparison, the pure rGO showed smooth 
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surface, while PS-PVP@rGO showed roughness surface, which was attributed to 

covered PS nanospheres. Above results were further confirmed by the TEM images. 

For the rGO sample, it clearly showed transparent and fold film, which was assigned 

to rGO nanosheets (in Fig.1E). After covering with PS nanospheres, there was 

obvious some nanospheres on surface of rGO as shown in Fig.1F. This result further 

demonstrated the successful preparation of rGO modified with PS nanospheres via 

in-situ polymerization. Moreover, the dry PS-PVP@rGO nanosheets could be 

re-dispersed in xylene, affording a stable suspension for more than 6 months as 

shown in inset of Fig.1B. The result confirmed the formation of PS-PVP@rGO 

nanosheets with good dispersion. 

Fig.1.  

The obtained dry PS-PVP@rGO nanosheets could be directly mixed with FEVE 

in xylene to form rGO/FEVE nanocomposite coatings. The micro-structures of 

rGO/FEVE nanocomposite coatings with different contents of PS-PVP@rGO were 

characterized by the SEM and optical microscopical images as shown in Fig.2. The 

thickness of formed nanocomposite coating was about 100.0µm as shown in Fig.2A. In addition, 

all samples showed a smooth surface and few pinholes as shown in Fig.2B-F. However, due to 

the curing shrinkage and solvent evaporation of all samples, some cracks were 

observed. When the content of PS-PVP@rGO was less than 1.5wt%, we observed 

fewer cracks, which was attributed to the uniform distribution of PS-PVP@rGO in 

FEVE resin matrix. The introduction of PS-PVP@rGO could improve the mechanical 

properties and effectively reduce the curing shrinkage of coating. In contrast, when 

the content (2.0wt%) of PS-PVP@rGO was higher than 1.5wt%, we observed more 

cracks due to the poor compatibility between PS and FEVE, resulting in phase 

separation. Furthermore, no aggregates were observed in the polymer nanocomposite, 

which was rarely reported in previous literature. These results further demonstrated 

the uniform distribution of rGO in FEVE matrix, leading to enhanced barrier property 

of rGO/FEVE nanocomposite coatings. 

Fig.2. 

The adhesion ability of rGO/FEVE nanocomposite coating on metal substrate 

was firstly measured by knife-scratch and pull-off tests as shown in Fig.3. The grades 

5B to 0B are generally used to evaluate the adhesion ability according to ASTM 

D3359, whereas 5B and 0B represents the highest and lowest adhesion ability, 

respectively [22]. Fig.3A-E show the images of cross-cut tests performed on coatings 

http://www.baidu.com/link?url=Hz-td9brWdth27eNacYU90E1miBbbHUSG_JH6AWUaKi5XHkZDJER9NWNBNjrWzl8oOgnS1PposFdVkYogv3-VOkdFXJnLPL3PszP7hCDIYm
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with different contents of PS-PVP@rGO. No obvious desquamation was observed in 

all samples, which means 5B grade coatings were formed. The adhesion strength was 

further studied by pull-out tests and the results were shown in inset of Fig.3A-E. The 

adhesion strength of rGO/FEVE nanocomposite coating firstly increased and then 

decreased with increasing in content of PS-PVP@rGO. When doping content of 

PS-PVP@rGO was about 1.0wt%, it showed largest adhesion strength (ca.14.0 MPa). 

The enhanced adhesion ability of rGO/FEVE nanocomposite coating was attributed to 

the incorporation of rGO nanosheets, effectively improving the mechanical strength 

of FEVE coating.  

Fig.3. 

The impact resistance of rGO/FEVE nanocomposite coating was evaluated by 

falling-weight tests and the results were shown in Fig.4. The hammer with a mass of 

1000±1g was dropped from a certain height, and the impact resistance was 

determined by observing the damage of the coating surface (Fig.4A). The impact 

strength of the coatings was expressed by the product of impact height and the mass 

of the weight. As shown in Fig.4B, the pristine FEVE coating possessed a low impact 

resistance of ca. 6.86J. In contrast, after the addition of PS-PVP@rGO, the impact 

resistance of composite coating was greatly improved to 9.31 J. The enhanced impact 

resistance of composite coating was attributed to the reinforcing effect and good 

dispersion of rGO, agreeing well with the results obtained from adhesion tests. When 

the content of PS-PVP@rGO was further increasing to 2.5 wt%, the impact resistance 

dropped sharply below 6 J due to the incompatibility between PS and FEVE. These 

results further confirmed that mechanical properties of FEVE coating could be 

effectively improved by the introduction of PS-PVP@rGO. 

Fig.4. 

Fig.5 shows the polarization curves of the iron plate covered with different 

composite coatings. The fitted results of polarization curves were listed in Table 1. It 

was found that the Icorr values of surface-coated plate specimens were lower than that 

of bare iron. In addition, the Icorr of rGO/FEVE coated metal firstly decreased and 

then increased with increasing in content of PS-PVP@rGO. Among them, the 

rGO/FEVE coating with content of 1.5 wt% displayed the smallest Icorr of ca. 

7.6×10-12A/cm2. The Vcorr value of rGO/FEVE coated metal gradually decreased from 

1.8×10-3 to 8.8×10-8 mm/year with increasing in content from 0 to 1.5 wt%. The Icorr 

and Vcorr of rGO/FEVE coated metal were four or five order of magnitude lower than 
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that of pure FEVE coated metal. As well-known, the nanocomposite coatings with 

lower Icorr show the better corrosion resistance [23]. This result was attributed to the 

good dispersion of PS-PVP@rGO in the FEVE matrix, resulting in higher 

polarization resistance (RP) and better barrier property.  

Fig.5. 

Fig.6A shows the Nyquist plots of the bare metal plate and the surface-coated 

samples in 3.5 wt% NaCl aqueous solution. In this experiment, a larger semicircle 

represents a higher Rct value, indicating a long path of the ion diffusion from aqueous 

solution to metal substrate[24]. It clearly showed that the Rct value of the bare metal 

was far smaller than that of the surface-coated sample. The Rct value (ca. 

229.9KΩ·cm2) of metal coated with rGO/FEVE (1.5 wt%) was three orders of 

magnitude higher than that of the bare metal (ca. 0.145KΩ·cm2) and almost three 

times that of the FEVE coated metal (67.9KΩ·cm2). The superior performance of 

rGO/FEVE was attributed to the good barrier effect of dispersed rGO which reduced 

the permeability for corrosive substances. When the content of PS-PVP@rGO was 

further increased to 2.0 wt%, the Rct decreased, resulting from more cracks. Bode plot 

of the samples immersed in 3.5wt% NaCl aqueous solution was showed in Fig.6B. 

We found that the impedance value of the rGO/FEVE was higher than that of pure 

FEVE coating, indicating less possibility of corrosion. The result further confirmed 

the formation of rGO/FEVE with good anti-corrosion performance. 

Fig.6.  

Table1. 

     Salt spray test was carried out as a qualitative method to visually inspect the 

corrosion resistance of the coatings. The images of rGO/FEVE coated iron plates 

before and after subjecting to this test at different exposure time were presented in 

Fig.7A. After 120 days exposure, some blisters were observed. The corrosion process 

was extended under the scratched area in rGO/FEVE with various contents of 0, 0.5, 

1.0 and 2.0 wt%. We also found some rusts along the scratched regions. The 

rGO/FEVE with content of 1.5 wt% was free from blisters and no rusts were observed 

along the scratched regions. Fig.7B shows the macroscopic surface images of the 

sample immersed in 3.5 wt% NaCl aqueous solution for 15 days. For pristine FEVE 

coating, a corrosion pit was observed on its surface and the color of polymer coating 

was changed at several sites. In contrast, there was no corrosion pit observed for the 
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rGO/FEVE. These results further demonstrated the enhanced corrosion resistance of 

the rGO/FEVE. 

Fig.7. 

To determine the mechanism of excellent corrosion resistance, compatibility of 

FEVE and PS blend was simulated by molecular dynamics (MD) and mesoscopic 

dynamics (Meso Dyn). Firstly, density and solubility parameters (δ) of pure substances and 

Flory-Huggins (χ) interaction parameters of them were calculated by MD simulations 

with the COMPASS force field, experimental values for solubility parameters and 

density of pure substances were also given for comparing (as is shown in Table 2). 

PCTFE, PVE, PS and PVP represented the polytrifluorochloroethylene, polyvinyl 

ether, polystyrene, and polyvinylpyrrolidone, respectively. Finally, Flory-Huggins (χ) 

interaction parameters calculated from MD simulations were converted into Meso 

Dyn input parameters to predict properties of FEVE/PS blends.  

Table 2.  

According to the data in Table 2, the Flory-Huggins parameter χij and interaction 

energy between different polymer structural units can be obtained according to the 

formulas (1) and (2). 

χij = Vr(δi-δj)2/RT                         (1) 

ν-1εij = χijRT                             (2) 

In the above formula, δi and δj are the solubility parameters of components i and 

j respectively, (J / cm3) 1/2; Vr is the reference volume (average of the molar volume of 

components i and j), cm3/mol; R is the gas constant, 8.314 J/(mol·K); T is the 

temperature, K. In the mesoscopic simulation method, the real polymer chain must 

undergo a certain degree of coarse graining, that is, a Gaussian chain composed of 

beads is used instead. Each bead is composed of one or several polymer monomers, 

and all beads have the same volume. Determining how many repeating units make up 

a bead is the focus of the coarse-graining process, the length of the beads Gaussian 

chain (NMeso) is one of the important parameters in the mesoscopic simulation. It is 

related to the polymerization degree and the limit characteristic ratio of the selected 

polymer:  

NMeso=N/Cn                          (3) 

N is polymerization degree of the polymer; Cn is the limit characteristic ratio of 

the polymer chain. So, A, B, C and D represent the PCTFE, PVE, PS, and PVP  

respectively and the corresponding polymers can be coarsely granulated into A33B32, 
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C 215, D42. Coarse-grained model of blend was shown in Fig.8A. The size of the box 

used in the simulation is 32nm×32nm×32nm. All bead diffusion coefficients were set 

to 1.0×10-7 cm2/s, the system noise parameter was 75.002, the compressible parameter 

was set to 10, and the simulated temperature was 298K. Considering the equilibrium 

time of the system, the simulation step size was set to 50 ns, the total number of steps 

was 4000 steps, and the total simulation time was 200 μs. The blending morphology 

and iso-density simulation diagrams were shown in Fig.8B. Firstly, a mesoscopic 

simulation was carried out to study the compatibility between PS and FEVE. The 

morphology of the blend and the compatibility could be predicted by analyzing 

surface of the density fields. It was found that when the PS and FEVE were blended, 

the degree of phase separation increases with the increase of the content of PS in the 

FEVE as shown in Fig.8B. The PS morphology in the FEVE was initially aggregated 

into a sphere, and the volume gradually increased with the increase of the content. In 

addition, the cross-section SEM images of nanocomposite coating were also 

characterized as shown in Fig.8C-D. There were some particles on the fracture surface 

of the coating, which can be attributed to phase separation of PS in the FEVE matrix, 

forming PS spheres. These results indicated the formation of self-stratifying PS/FEVE 

blend resulting from the phase separation of PS in FEVE matrix.  

Fig.8. 

When comparing the corrosion resistance of the presented nanocomposite 

coatings with the performance reported in previous literature, we found that the 

presented coating exhibited the lowest Icorr and Vcorr, suggesting a superior 

anti-corrosion performance (Table 3). The result can be attributed to the uniform 

dispersion of rGO in FEVE matrix and the self-stratifying between PS and FEVE 

blend, promoting the formation of connected rGO network in polymer matrix as 

shown in Scheme 1B. The formation of connected rGO network played a key role in 

improving the barrier property of polymer coating and enhancing the anti-corrosion 

performance [9]. Due to poor dispersion of rGO or the incompatibility of PS and 

FEVE, it is difficult to form a connected rGO network in the polymer matrix if the 

rGO content is too low or too high[10-16]. In fact, considering the attached PS and 

PVP, the content of rGO in FEVE matrix was only 0.22 wt% in the case of 2.0 wt% 

PS-PVP@rGO loading. The air film between hydrophobic surface and the 

surrounding water formed an additional nonconductive barrier, which effectively 

retard the diffusion process of ion and oxygen in water. 
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Table 3. 

Scheme 1. 

4. Conclusions 

In this work, a novel rGO/FEVE nanocomposite coating was developed for 

application in anti-corrosion. The PS-PVP@rGO nanosheets could be directly 

dispersed in FEVE matrix due to its good re-dispersibility in xylene solution. The 

resulting nanocomposite coatings exhibited good mechanical properties and corrosion 

resistance, especially for the doping content of 1.5wt%. The result was attributed to 

synergistic effect of barriers of graphene and phase separation of PS. This research 

thus provides a new avenue to green preparation of nanocomposite coating based on 

rGO for improving anti-corrosion performance. 
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Table1.Analysis results of Tafel Polarization Curves and Electrochemical Impedance 

Spectroscopy of composite coatings with different contents. 

Table 2. Properties of pure polymers evaluated by molecular dynamics 

Table 3. Anti-corrosion performance of polymer nanocomposite coating based on rGO 

Scheme 1. Schematic illustration of protection mechanisms of (A)rGO/polymer 

coating and (B)Self-stratifying PS@rGO/polymer coating. 

Fig.1. (A)FT-IR spectra of (a) rGO, PS-PVP@rGO (b) before and (c)after dispersing 

in xylene, (B)Raman spectrum of PS-PVP@rGO, SEM images of (C) rGO and (D) 

PS-PVP@rGO, TEM images of (E) rGO and (F) PS-PVP@rGO. The inset of B is the 

optical photograph of dry PS-PVP@rGO dispersed in xylene. 

Fig.2.SEM images of rGO/FEVE with various PS-PVP@rGO contents of (A)0, 

(B)0.5wt%, (C)1.0wt%, (D)1.5wt% and (E)2.0wt%. The inset of A is the optical 

microscopy photograph of rGO/FEVE coated on surface of metal. 

Fig.3.Optical photographs of rGO/FEVE nanocomposite coatings after knife-scratch, 

(A)0, (B)0.5wt%, (C)1.0wt%, (D)1.5wt% and (E)2.0wt%. The corresponding insets 

are optical photographs of pull-off tests. 

Fig.4. (A)Optical photographs and (B)impact strength of rGO/FEVE nanocomposite 

coatings by falling weight test. (a)0, (b)0.5wt%, (c)1.0wt%, (d)1.5wt% and 

(e)2.0wt%.  

Fig.5. Tafel polarization curves of rGO/FEVE nanocomposite coatings in 3.5wt% 

NaCl aqueous solution. (A)0, (B)0.5wt%, (C)1.0wt%, (D)1.5wt% and (E)2.0wt%.  

Fig.6.(A)Nyquist plots and (B)Bode plots of |Z| vs frequency of rGO/FEVE 

nanocomposite coatings with different contents of (a)0, (b)0.5wt%, (c)1.0wt%, 

(d)1.5wt% and (e)2.0wt%. The inset of A is Nyquist plots of bare Fe. 

Fig.7. Optical photographs of coated-Fe samples exposed to (A)NaCl 5.0wt% fog and 

(B) 3.5wt% NaCl aqueous solution for 120 days and 15 days, respectively.  

Fig.8. (A)Coarse granulation model of polymer blend system (blue、green and red 

represent PS、FEVE matrix and PVP respectively), (B)Blending morphology and 

iso-density simulation diagrams of FEVE with different PS and PVP contents of 

(a)1.0wt%、0.05wt%, (b)3.0wt%、0.15wt%, (c)10.0wt%、0.5wt% and (d)50.0wt%、

2.5wt%. Cross-section SEM images of PS/FEVE nanocomposite coatings with 

various PS contents of (C)1.0wt% and (D)3.0wt%. 
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Table 1. 

 

Table 2. 

component δ(J/cm3)1/2 ρ(g/cm3) Mm(g/cm3) Vm 
(cm3/mol) Literature simulation Literature simulation 

PS 15.6~21 15.7 1.05 1.00 104 104.00 
PVP - 17.3 1.14 1.01 97 96.03 
PCTFE 14.7~16.2 15.1 2.12~2.16 1.95 116.5 59.74 
PVE - 15.0 0.96 0.94 70 74.47 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Samples Ecorr 
(V) 

Icorr 
(A·cm-2) 

Vcorr 
(mm/year) 

Rp 
(MΩ·cm2) 

Rct 
(KΩ·cm2) 

Steel -1.04 3.2×10-4 3.68 3.1×10-2 0.145 

FEVE -0.73 1.6×10-7 1.8×10-3 16.3 67.9 

0.5wt% -0.60 7.0×10-10 8.1×10-6 1.6×105 76.1 

1.0wt% -0.42 4.6×10-11 5.4×10-7 4.5×105 180.7 

1.5wt% -0.31 7.6×10-12 8.8×10-8 6.6×106 229.9 

2.0wt% -0.46 8.8×10-9 1.0×10-4 2.4×104 116.1 
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Table 3. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Samples Ecorr 
(V) 

Icorr 
(A cm-2) 

Vcorr 
(mm/year) 

Rp 
(MΩ cm2) 

Reference 

rGO/FEVE  -0.31 7.6×10-12 8.83×10-8 6.6×106 Present work 

SPANI-rGO/EP -0.23 3.31×10-6 / / [10] 

rGO/EP -0.20 3.70×10-9 4.30×10-5 / [13] 

GNS/EP -0.96 1.8×10-7 0.3 / [14] 

rGO/SAR -0.59 4.5×10-7 0.8 / [15] 

Fe3O4@rGO/NR -0.27 1.40×10-6 1.6×10-2 / [16] 

PANI/rGO/EP  -1.04 5.19×10-9 1.21×10-8 5.5×10-5 [26] 

CuZnO@RGO/
WPU 

-0.60 7.0×10-4 0.01 / [27] 

Zn-rGO/ZRC -0.54 6.33×10-8 / 0.7 [28] 

MoS2-RGO/EP -0.46 1.8×10-3 / 1.46×10-2 [29] 

RGO/PANI/WPU -0.35 3.69×10-10 4.3×10-6 3.06  [30] 

rGO -0.13 7.18×10-9 8.38×10-5 72.2 [31] 

PGO/PANI -0.28 7.32×10-9 1.68×10-4 2.37 [32] 

Ni-P-rGO -0.31 1.42×10-6 / / [33] 

PG/AMAR -0.18 2.85×10-8 3.31×10-4 1.13×102 [34] 
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	Graphene oxide aqueous solution (1 mg/mL) was purchased from Tangshan Jianhua Technology Development Co., Ltd. Hydrazine hydrate and polyvinyl pyrrolidone (PVP) were purchased from Tianjin guangfu technology development Co., Ltd. NaHSO4, K2S2O8 and st...
	In this work, a novel rGO/FEVE nanocomposite coating was developed for application in anti-corrosion. The PS-PVP@rGO nanosheets could be directly dispersed in FEVE matrix due to its good re-dispersibility in xylene solution. The resulting nanocomposit...

