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The copolymer film anticorrosive performance based on poly(vinyl butyral-co-vinyl alcohol-co-vinyl 

acetate), called in this study as PVBA, deposited by the dipping method on the carbon steel and 304L 

stainless steel surfaces from methanolic solution was studied by open circuit potential (OCP) 

measurements, potentiodynamic polarization and electrochemical impedance spectroscopy (EIS). The 

morphological characteristics of the uncovered and covered surfaces with copolymer film, before and 

after corrosion were identified by atomic force microscopy (AFM). The average protection performance 

(P%) of PVBA adsorbed on metallic surfaces corroded in 0.9% NaCl solution reached the value of 64 ± 

2% for carbon steel and 72 ± 2%, respectively, for 304L stainless steel. AFM 3D images, before 

corrosion, display coherently organized coatings adsorbed on the surfaces of steels, with a network 

characteristic, more obviously in the case of 304L stainless steel than that of carbon steel. After 

corrosion, AFM shows that the surface upper-layers preserve their features, suggesting that the coating 

remains anchored to the metal surface for a long time, but the polymer swelling in NaCl solution causes 

the relative detachment of the film from the substrate, with the formation of some free areas on which 

the oxidation processes can be accelerated, leading to PVBA anticorrosive performance disturbance. 

 

 

Keywords: PVBA copolymer; Carbon steel and 304L Stainless steel; Anticorrosive coating; 

Electrochemical measurements; Atomic force microscopy (AFM) 

 

1. INTRODUCTION 

The different steel types are alloys susceptible to corrosion, the majority element in their 

composition being the iron, that is the most vulnerable to oxidation processes at the surface contact with 
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aggressive media. Thus, in order to restrict the damage of the metallic surfaces and at the same time to 

increase the corrosion resistance, anticorrosive coatings can be applied by the adsorption of some 

polymers/copolymers leading to the occurrence of thin films that attach from the metallic surfaces 

through the chemical/physical bonds. Polymers and copolymers are an efficient choice for the 

functionalization of metal surfaces because they have numerous active centers distributed along their 

macromolecular chains, through which they can adsorb on the substrate forming coherently organized 

films with anticorrosive properties. 

In this regard, polyvinyl alcohol [1] and polyvinyl acetate [2-4] were investigated as corrosion 

inhibitors for carbon/mild steel [1-4] and stainless steel [5-8] in hydrochloric acid solution [1-3, 5], 

sulfuric acid [4] or in saline environments [6-8], using mass loss method associated with electrochemical 

measurements. Natural polymer like chitosan was tested as corrosion inhibitor for mild steel in 0.1 mol 

L-1 HCl solution by electrochemical measurements coupled with scanning electron microscopy (SEM), 

finding an inhibition efficiency of 96%, at 60 °C [9]. 

Microfibers based on vinyl ester polymer [10], silane [11] and aniline, formaldehyde and 

piperazine based polymer [12] were also used as anticorrosive coatings for carbon/mild/N80 [10-12] 

steel in chloride ion solution reaching a good surface protection performance. Conducting copolymers 

provide a wide variety of functional copolymers with application in anticorrosive coatings [13-17]. 

Also, efficient anticorrosive coatings for different steel types can be prepared by adsorption of 

copolymers, thus modeling thin films that change the surface architecture, improving its characteristics 

[18-21]. 

Many polymers are ecological, biodegradable, biocompatible compounds, without toxic and 

carcinogenic effects, being applied in numerous industrial and medical fields. Moreover, 

macromolecular networks based on polyvinyl butyral have special characteristics such as "shape 

memory" [22-24], thus having the ability to self-regenerate, recovering their initial shapes after the 

application of an electrical, magnetic or thermal stimulus, leading to the preservation of the metallic 

surface properties covered with polymer film, after exposure in aggressive environments for a long time. 

The application of polymers as corrosion inhibitors in aqueous media is sometimes limited, these being 

water insoluble compounds, but soluble in various organic solvents. For this reason, their testing as 

anticorrosive agents in aqueous media requires the use of appropriate film deposition methods, which 

remove the inconveniences caused by insolubility. 

Thus, the assembly of protective layers based on polymers can be performed by several methods, 

as follows: (1) electro-polymerization on metallic electrodes using cyclic voltammetry [25]; (2) 

preparation an aqueous dispersion medium by emulsion polymerization, which allows the investigation 

of the inhibitory and adsorption properties of the respective polymer [2]; (3) functionalization of metallic 

surfaces by polymer adsorption from a specific organic solvent [24]. 

In this study, it was determined the protection performance of copolymer based on poly(vinyl 

butyral-co-vinyl alcohol-co-vinyl acetate), named as PVBA, adsorbed on the carbon steel and 304L 

stainless steel surfaces from methanol solution using the simple dipping method of metal samples, a well 

determined time. In this regard, the corrosion resistance of the uncoated (CS, SS) and coated samples 

(CS-PVBA, SS-PVBA) corresponding to carbon steel (CS, CS-PVBA) and 304L stainless steel (SS, SS-
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PVBA), in 0.9% NaCl solution was comparatively evaluated by electrochemical measurements and 

atomic force microscopy (AFM). 

This investigation represents a continuation of our previous study, where the anticorrosive 

performance of the copolymer film adsorbed on copper surface was reported [24]. 

 

 

 

2. MATERIALS AND METHODS 

2.1. Materials 

Two types of steel (carbon steel and 304L stainless steel) were used in our experiments to 

investigate the anticorrosion performance of an adsorbed copolymer coating on their surfaces subjected 

to successive electrochemical measurements such as potential variation at open circuit, electrochemical 

impedance spectroscopy (EIS) and potentiodynamic polarization. The plates with the area of 2.0 cm2 

were obtained from carbon steel foils, its composition (wt%) consisting of: 0.1-0.25% C; 0.035% Si, 

0.4% Mn, 0.3% Cr, 0.3% Ni and Fe in balance, as well as from the sheets of 304L stainless steel 

(FeNi18Cr10) purchased from Sigma Aldrich.  

The copolymer based on polyvinyl butyral/polyvinyl alcohol/polyvinyl acetate known as 

poly(vinyl butyral-co-vinyl alcohol-co-vinyl acetate) and further used with the acronym PVBA with the 

average molecular mass between 90000 and 120000 (acetate/hydroxyl/vinyl butyral, wt%: 1/11/88), as 

well as methyl alcohol, natrium chloride were obtained from Sigma Aldrich. 

 

2.2. PVBA coating preparation 

Untreated control samples of both steels were mechanically processed as in our previous study, 

when PVBA was used as an anticorrosive coating for copper [24], these being sanded, ultrasonically 

cleaned, degreased with acetone and dried in warm air. For PVBA thin film deposition a simple dipping 

method [24] was used based on immersion of specimens of steels in a methanolic solution containing 

6.0% PVBA, at room temperature. After 24 hours, the samples were removed from the methanolic bath, 

dried at room temperature (24 h) and in warm air (2 h). 

Carbon steel samples will be referred to as CS for the untreated sample and CS-PVBA for the 

one modified with copolymer coating, while the 304L stainless steel untreated sample will be further 

named as SS, and PVBA modified stainless steel as SS-PVBA. 

All four classes mentioned above will be subjected to corrosion in 0.9% NaCl solution, and the 

results regarding the copolymer film anticorrosive performance will be comparatively discussed for each 

steel. 

 

2.3. Corrosion tests 

The corrosion behavior of both steels CS and SS untreated and PVBA treated samples was tested 

using electrochemical measurements such as: the open circuit potential (OCP) variation over time, 
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electrochemical impedance spectroscopy (EIS) and potentiodynamic polarization. The surface 

morphology changes were designed on the atomic force microscopy (AFM) acquired slides. 

 

2.3.1. Electrochemical measurements 

Electrochemical impedance spectroscopy (EIS) was performed in 0.9% NaCl solution, at 

corresponding OCP (electrode prepolarization time of 4 minutes) on uncoated (CS and SS) samples and 

PVBA coated surfaces (CS-PVBA and SS-PVBA), in the frequency range of 105 Hz and 10-1 Hz, with 

a sinusoidal perturbation, AC signal of 10 mV. 

After EIS, the potentiodynamic polarization was performed in 0.9% NaCl solution, at room 

temperature, on carbon steel electrodes, in the potential range between -1000 mV and 100 mV, and 

between -1000 mV and 1000 mV on 304L stainless steel, respectively, with a potential scan rate of 1.0 

mV s-1. The semilogarithmic polarization curves as well the linear diagrams were recorded. The 

corrosion current density (icorr) for uncoated and PVBA coated samples, of both steels, was computed at 

the intersection of Tafel lines extrapolated to corrosion potential (Ecorr). Also, the polarization resistance 

(Rp) was calculated from the linear diagram drawn, in the potential range close to corrosion potential 

(±20 mV). The standard electrochemical cell of 100 mL volume, with three electrodes was coupled to 

an electrochemical system VoltaLab type with VoltaMaster 4 software. The untreated and PVBA treated 

samples of both steel types were sequentially used as working electrodes having a platinum plate as 

counter-electrode, and Ag/AgCl reference electrode. Also, the details about experimental methods and 

equipment were reported in our previous studies [24-30]. 

 

2.4. Atomic Force Microscopy (AFM) 

The images 3D acquired by Atomic Force Microscopy (AFM) for CS, CS-PVBA, SS and SS-

PVBA before and after corrosion were used to examine the surface morphological changes due to the 

copolymer coatings and to explain its action mechanism. As in our previous studies [24, 26-28], the 

AFM slides were obtained through non-contact mode atomic force microscopy (NC-AFM, Park 

Systems, Suwon, Korea, PARK XE-100 SPM system), with a cantilever nominal length of 125 mm, a 

nominal force constant of 40 N m-1, and oscillation frequencies in the frequency range of 275–373 kHz. 

 

 

 

3. RESULTS AND DISCUSSION 

3.1. Open circuit measurements 

The open-circuit behavior of uncoated samples (CS and SS) and those covered with PVBA (CS-

PVABA and SS-PVBA) tested in 0.9% NaCl solution is shown in Figure 1. It can observe that the CS-

PVBA potential (Fig. 1a) has a slightly tendency to stabilize at a value relatively close to that of the CS. 

On the contrary, the potential of stainless steel coated with polymer (SS-PVBA in Fig. 1b) reaches a 

constant value, after 50 sec. Thus, a plateau was formed at potential greater than that of the SS, which 
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has a slightly increasing trend in this time range. Those mentioned above show that the metal surfaces 

modified with PVBA are more stable in NaCl solution than those of the uncoated samples. The presence 

of polymeric film leads to the open circuit potential displacement towards higher values indicating that 

PVBA coating confers to metallic surface uniformity and stability providing a better protection for 

stainless steel than the one for carbon steel. 

 

 
Figure 1. Open circuit potential variation of uncoated and coated steels in 0.9% NaCl solution: a – 

carbon steel; b – 304L stainless steel 

 

3.2. Electrochemical impedance spectroscopy (EIS) 

The Nyquist and Bode diagrams were recorded in natrium chloride solution, in the frequency 

range from 105 Hz to 10-1 Hz, for uncoated and PVBA coated steels, their plots being displayed in Figures 

2 and 3. Some similarities can be observed between the Nyquist diagrams (Fig. 2) of the two steels, 

namely: (1) in the presence of the polymeric film, capacitive loops with larger diameters than those 

obtained for the uncoated samples were registered; (2) in both cases, the extension of the capacitive 

loops implies a higher charge transfer resistance (Rct) of the PVBA coated steels than of the uncoated 

ones [24-26, 29, 30]. In the case of SS-PVBA, a large diameter loop was obtained (Fig. 2b) as opposed 

to the one with the closed semicircular shape registered for CS-PVBA (Fig. 2a), indicating a significant 

increase of the charge transfer resistance and consequently, a protection enhancement due to PVBA layer 

anchored on the 304L stainless steel surface compared to the PVBA film efficiency adsorbed on carbon 

steel surface. 

 

 
Figure 2. Nyquist diagrams recorded for uncovered and covered steels in 0.9% NaCl solution: a – carbon 

steel; b – 304L stainless steel 
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On the other hand, classical impedance responses were recorded, for the uncoated and coated 

samples with PVBA (Figs. 3a and 3b). For both coated samples, CS-PVBA and SS-PVBA, the 

impedance responses at low frequency (log Z = -1) reached upper levels compared to those of CS and 

SS, implying the attainment of higher impedance values conferred by the polymer adsorbed on the 

metallic surface, these being in good agreement with Rct values (Table 1). 

Phase Bode diagram of the carbon steel (Fig. 3c) shows a well-defined phase angle for the two 

samples, ranging from -59.9 degrees for CS to -63.1 degrees for CS-PVBA located at higher frequency 

versus uncoated steel, indicating the change in surface layer composition by the adsorption of PVBA 

macromolecules on the metallic surface. 

On the contrary, in the case of stainless steel, the Bode diagram (Fig. 3d) shows an undefined 

wide maximum located around -80 degrees extending on a larger frequency range for PVBA coated steel 

compared to that corresponds of the SS. The plateau extension in the high frequency area suggests that 

the alloy is less active in sodium chloride solution, due to PVBA film attached on 304L stainless steel 

surface. 

  

                    
Figure 3. Impedance Bode diagrams (a, b) and phase Bode plots (c, d) recorded for uncoated and PVBA 

coated steels in 0.9% NaCl solution: a, c – carbon steel; b, d – 304L stainless steel 
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resistance (Rs) coupled in series with both, charge transfer resistance (Rct) linked in parallel with constant 
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imperfections that appear at metal/electrolyte interface [31]. The correlation index (n) between Cdl and 

CPE is presented in Table 1. As can be observed, the index values are close to unity and consequently, 
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protection (P %) of PVBA coating was computed using Equation 1 [24]. All discussed electrochemical 

parameters and PVBA protection performance were listed in Table 1. 

P%=
Rct

PVBA-Rct
S

Rct
PVBA

x100                                                    (1) 

where Rct
S  is the charge transfer resistance of uncoated samples and Rct

PVBA represents the charge 

transfer resistance of PVBA coated samples. 

 

Table 1. PVBA protection performance (P %) and electrochemical parameters calculated from 

electrochemical impedance spectroscopy (EIS) for uncoated (CS and SS) and coated samples 

(CS-PVBA and SS-PVBA) in 0.9% NaCl solution  

 

Sample EOCP 

(mV) vs. 

AgAgCl 

Rs 

(Ω cm2) 

Rct 

(Ω cm2) 

Cdl 

(µF cm2) 

n Log Z 

(Ω cm2) 

Z 

(Ω cm2) 

Phase 

(degree) 

P 

(%) 

CS  -475 12.1 405 434 0.97 2.7 398 -59.9 - 

CS-PVBA -465 9.7 1075 153 0.99 3.02 1047 -63.1 62.3 

SS -147 17.3 4520 273 0.89 3.66 4571 -81 - 

SS-PVBA -87 10.4 15095 87 0.92 4.18 15135 -79 70.1 

 

Investigating the information from Table 1, it is found that: (1) PVBA coated samples reach 

higher values of charge transfer resistance (Rct) and impedance (Z) than those not-covered, while the 

electric double-layer capacitance (Cdl) and the solution resistance (Rs) decrease; (2) for the samples of 

non-coated stainless steel as well as of the one coated with PVBA, higher values of Rct and Z than those 

of carbon steel, were obtained; (3) PVBA protection performance (P%) reached a value of 62.3% for 

carbon steel and 70.1% for stainless steel respectively, indicating a moderate protection efficiency of 

PVBA film deposited by adsorption from methanol solution using a simple dipping method. Similar 

results were obtained for PVBA coated copper, when the polymer protection performance determined 

from EIS reached a value of 80.9% [24]. 

 

3.3. Potentiodynamic polarization 

The potentiodynamic polarization results are shown in Figure 4. In the PVBA film presence, the 

semilogarithmic polarization curves corresponding to CS-PVBA (Fig. 4a) and SS-PVBA (Fig. 4c) are 

located in a lower current area than those recorded in the polymeric film absence (CS and SS), indicating 

that both processes, anodic and cathodic, are restricted due to the blocking of the metal surface active 

sites by the adsorption of PVBA macromolecules. Thus, the oxidation and reduction processes are 

attenuated, leading to corrosion current density (icorr) decrease and polarization resistance (Rp) increase, 

respectively. 

In the presence of PVBA coated samples, more pronounced displacement of the corrosion 

potential (Ecorr) to higher value is highlighted, in the case of SS-PVBA (Fig. 4c) than that for CS-PVBA 

sample (Fig. 4a). Moreover, the stainless steel electrochemical behavior is different from that of carbon 

steel in 0.9% NaCl solution. Carbon steel is active in the anodic domain (Fig. 4a) while for stainless steel 
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a plateau was recorded, in the potential range between -300 mV and -150 mV, at an approximately 

constant current density, which is also revealed by the anodic Tafel slopes (ba) that are larger than those 

of carbon steel (Table 2). On the contrary, the cathodic processes take place with much higher Tafel 

slopes (bc) for CS than those determined for SS, in the experimental data fitting area, indicating a greater 

cathodic reaction evolution, in the case of carbon steel. The corrosion current density (icorr) was 

computed at the intersection of the Tafel lines extrapolated to the corrosion potential (Ecorr). The 

polarization resistance (Rp) was calculated from the linear diagrams presented in Figs. 4b and 4d 

obtained by recording the polarization curves in a potential range close to corrosion potential [24, 26-

29]. The slopes (di/dE)E→Ecorr of the tangents drawn to the polarization curves represent polarization 

conductance (Cp) [24, 26-29]. 

Practically, deriving the equations inserted in Figs. 4b and 4d, Cp was obtained and consequently 

polarization resistance was calculated using Equation 2 [24, 26-29]. 

Rp = 1/Cp      (2) 

As in the case of impedance measurements, the electrochemical parameters namely, Ecorr, icorr, ba 

& bc and Rp presented in Table 2, were determined using the VoltaMaster software. 

 

  
 

Figure 4. Semilogarithmic polarization curves (a, c) and linear diagrams (b, d) recorded for the two 

types of steel corroded in 0.9% NaCl solution with a potential scan rate of 1.0 mV s-1; a, b – 

carbon steel; c, d – 304L stainless steel. 
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Table 2. PVBA protection performance (P%) and electrochemical parameters obtained from 

potentiodynamic polarization for uncoated (CS and SS) and coated samples (CS-PVBA and SS-

PVBA) in 0.9% NaCl solution 

 

 

Proba 

 

Ecorr (mV) vs. 

Ag/AgCl) 

 

icorr 

(µA cm-2) 

 

ba 

(mV dec-1) 

 

│bc│ 

(mV dec-1) 

 

Cp 103 

(S cm-2 ) 

 

Rp 

(Ω cm2) 

P (%) 

From 

Tafel 

From 

Rp 

CS  -439 6.8 45.5 266 0.505 1980 - - 

CS-PVBA -428 2.3 40.1 133 0.175 5714 66.1 65.3 

SS -553 5.1 135.8 54.8 0.24 4167 - - 

SS-PVBA -397 1.3 164.8 87.2 0.064 15625 74.5 73.3 

 

PVBA protection performance (P%) was calculated according to icorr values obtained from Tafel 

and using Rp values deduced from linear diagrams following the Equations 3 and 4, respectively [24, 

25]. 

P%=
icorr
S

-icorr
PVBA

icorr
S

x100                                                              (3) 

P%=
Rp

PVBA-Rp
S

Rp
PVBA

x100                                                              (4) 

where icorr
S   and Rp

S are the corrosion current density and polarization resistance of uncoated steel 

samples and icorr
PVBA

 and Rp
PVBA represent the corrosion current density of PVBA coated samples, 

respectively. 

From Table 2, it can be observed that, for the PVBA coated samples (CS-PVBA and SS-PVBA) 

corroded in 0.9% NaCl solution, the corrosion current density has lower value than that of the uncoated 

samples (CS and SS), while the polarization resistance has an upward trend.  

PVBA protection performance slightly increases than the one was determined from impedance 

measurements, indicating that the upper surface layer did not deteriorate, after EIS, and PVBA film is 

stable, still possessing the ability to delay corrosion processes by restricting ion exchange between 

electrolyte and metal surface.  

On the other hand, most likely the slight increase of the protection performance is due to the 

insertion in the polymeric film of some metal ions (e.g. Na+, Fe2+, Fe3+) that increase the resistance of 

the film as well as of the water molecules that favor the swelling of the polymeric film and its extension 

on a larger surface fraction. 

The anticorrosive action of polymer/copolymer coatings was investigated for many metals and 

alloys in contact with various aggressive environments. Thus, higher PVBA protection performance of 

80.1% [24] was computed for copper using potentiodynamic polarization performed in 0.9% NaCl 

solution, probably due to better adhesion of copolymer film on the substrate, that was favored by the 

formation of Cu-PVBA complexes which were strongly bound to the metallic surface, and the film 

desorption was thus delayed.   

Another study showed that poly{[(2-methacryloyloxy ethyl) trimethylammonium chloride]-co-

N-vinyl-2-pyrrolidone} reached an anticorrosion performance, ranging in function of its concentration 

between 48% and 87%, for N80 steel tested by potentiodynamic polarization in 3.5% NaCl solution [32]. 
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The copolymer concentration influence as well as the applied method effect were also 

investigated highlighting that especially, at low concentration of 50-200 ppm a higher performance 

protection of 76-84% was obtained by EIS, compared to 48-69% calculated from potentiodynamic 

polarization, while a concentration of 500 ppm leads to a protection efficiency of 87-89% [32]. 

The anticorrosive action of some copolymers based on polyacrylamide-graft-poly(2-

methoxyaniline) [33] and  methyl methacrylate/butyl acrylate/acrylic acid [34] was reported for mild 

steel corroded in 1.0 mol L-1 HCl solution, revealing for their protection performance, values around 

74% [33] and 97% [34], respectively. Also, poly(aniline-co-phenetidine) increases the mild steel 

corrosion resistance in 3.5% NaCl solution, improving metallic surface anticorrosive properties [35]. 

The inhibitive effect of polyvinylpyrrolidone on stainless steel corrosion reached a high level of 

96.9% for polymer molecular mass of 45000, and contrary a lower value around 43% at molecular mass 

of 10000 [36]. A good anticorrosion performance for stainless steel was also obtained by modelling the 

copolymer coatings based on polyvinylpyrrolidone, such as poly{(N-methacryloyloxy methyl) 

benzotriazole-co-N-vinylpyrrolidone} [37]. 

 

 

3.4. Atomic Force Microscopy (AFM) 

Figures 5 and 6 show the 3D images acquired by atomic force microscopy (AFM) before (Figs. 

5a-c and Figs. 6a-c) and after corrosion (Figs. 5b-d and Figs. 6b-d).  

 

    

 
Figure 5. AFM 3D images of carbon steel: a – uncoated sample before corrosion; b – after corrosion of 

bare sample in 0.9% NaCl solution; c – before corrosion of PVBA coated sample; d – after 

corrosion of PVBA coated sample in 0.9% NaCl solution 

a 
b 

c d 
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Figure 6. AFM 3D images of 304L stainless steel: a – uncoated sample before corrosion; b – after 

corrosion of bare sample in 0.9% NaCl solution; c – before corrosion of PVBA-coated sample; 

d – after corrosion of PVBA-coated sample in 0.9% NaCl solution 

 

The steel surfaces are damaged because of corrosion, and the ununiform appearance of coatings 

can be attributed to the corrosion compounds occurred during potentiodynamic polarization being much 

better highlighted for carbon steel (Fig. 5b) than for stainless steel (Fig. 6b). Also, the surface layer 

contains certain inserts of randomly distributed salt deposits, that affect the smoothness and thus 

emphasizes the coating roughness.  

In the case of corroded stainless steel (Fig. 6b), the surface retains some SS characteristics (Fig. 

6a), and the surface coverage is completely different from that of carbon steel (Fig. 5b), probably due to 

the spontaneous passivation of stainless steel in NaCl solution. 

Figures 5c and 6c show the distribution of PVBA polymer film on the surface of steels. For both 

steel types, the coatings display the characteristics of a network, more coherently organized on stainless 

steel surface (Fig. 6c) than that of carbon steel (Fig. 5c). 

After corrosion (Figs. 5d and 6d), the polymer films maintain their appearance, but seem 

smoother and relatively thicker, probably due to swelling in aqueous NaCl solution during 

electrochemical measurements. For both steels, no surface areas with similar characteristics to the 

corroded samples in the film absence are highlighted, suggesting that the PVBA macromolecules were 

not desorbed from the metallic surfaces. Thus, it is also explained that, after the potentiodynamic 

polarization, the protection performance slightly increased versus that determined from the EIS. 

a b 

c d 
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Consequently, the PVBA polymer film is well anchored to the substrates, and the protective 

performance preservation can be due to its properties of polymer with "shape memory" [24].  

The inhibitory effect of the polymeric coatings depends on the metal/alloy nature [24], on the 

polymer features (e.g. molecular mass, polymerization degree) [36], as well as those of the corrosion 

environment (e.g. pH, composition) [32], being sometimes influenced, more or less, by the method 

applied for testing [32]. Thus, by optimizing all the parameters including coating deposition temperature, 

it is possible to successfully achieve the pretreatment of metal surfaces for different industrial 

applications. 

 

3.5. PVBA action mechanism 

 

The copolymer molecular structure is shown in Figure 7. It is observed that the PVBA presents 

3 types of structural units afferent to the polyvinyl butyral (with the greatest polymerization degree), to 

the polyvinyl alcohol and to the polyvinyl acetate (in a very low percentage). As reported in the literature 

[23], butyral groups with a hydrophobic character and the -OH groups from the polyvinyl alcohol 

macromolecule presenting hydrophilic properties favor the binding of PVBA to certain metal substrates 

such as iron, aluminum tin, lead through noncovalent interactions (hydrogen bonds) or metallic 

coordination [39, 40] creating a host-guest interaction between metal matrix and copolymer, 

respectively. 

 

 
 

Figure 7. Molecular structure of poly(vinyl butyral-co-vinyl alcohol-co-vinyl acetate); x:y:z = 39:29:1 

 

For both steels there are competitive adsorption processes of methanol molecules and PVBA 

macromolecules. Most likely, the methanol molecules are primarily adsorbed on the steel surface 

because of the macromolecular chain steric arrangement can prevent its diffusion at the metal/electrolyte 

interface. Thus, the hydrogen-bridged can form between adsorbed methanolic hydroxyl groups and those 

of the polyvinyl alcohol fraction from PVBA macromolecule. 
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At the same time, the coordinative bonds are formed between the free electron pairs of the oxygen 

atoms belonging to the butyral and acetate groups and the vacant “d “orbital of the iron atoms, which 

ensures a moderate chemical adsorption of the PVBA macromolecules. Thus, a synergistic mechanism 

can be assumed between physical adsorption through hydroxyl groups and chemical adsorption primarily 

through the butyral groups, the acetate groups participating to a lesser extent. 

Due to the hydrophilic groups, when the samples are immersed in NaCl solution, the increase of 

the swelling capacity of upper-surface layer takes place followed by the polymeric film thickness 

increase and its extension development on the metallic surface. 

This can favor a superficial detachment of the coating on the metal surface more pronounced in 

the case of carbon steel than the one of stainless steel, which also explains the lower protection 

performance for carbon steel than that for stainless steel.  

Based on experimental date, it can conclude that for both steels, the hydroxyl groups favor the 

insertion of water/natrium chloride molecules in the copolymer matrix in a greater manner than in the 

case of copper, when Cu+ and Cu2+ ions promote the crosslinking reaction of polyvinyl alcohol from 

PVBA macromolecules [38] and consequently, the occurrence of copolymer complexes [24], that 

provide a better adhesion and copper surface protection. 

 

 

4. CONCLUSIONS 

Poly(vinyl butyral-co-vinyl alcohol-co-vinyl acetate) referred to as PVBA film was obtained by 

pure adsorption from methanolic solution using the simple dipping method. 

A synergic action mechanism between physical absorption of polyvinyl alcohol fraction and 

chemical adsorption of polyvinyl butyral and polyvinyl acetate macromolecular chains, can be 

approached to explain the PVBA film attachment on the surface of the two steels. 

After consecutive electrochemical measurements performed on bare steel electrodes and PVBA 

coated samples, it was found that the copolymer provides a protection performance of approximately 

66% for carbon steel and 74% for stainless steel.  

Due to the fact that the protection performance increases, after potentiodynamic polarization 

compared to that obtained from EIS, it is estimated that the polymer can withstand a relatively long time 

on the metal surface because the coating anticorrosive resistance reaches a high level due to ionic 

insertions, that change the surface chemistry and improve upper-surface layer adhesion. 
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