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The polyaniline emeraldine-base form (PANI-EB) and polyaniline doped with dodecyl benzene sulfonic
acid (PANI-DBSA) were prepared by chemical oxidation polymerization. The PANI-EB and PANI-
DBSA were characterized by Fourier transform infrared spectroscopy (FTIR), UV-Vis absorption
spectroscopy (UV-Vis), X-ray diffraction (XRD), scanning electron microscopy (SEM)and water
contact angle (WCA) measurements. Subsequently, polyaniline-acrylic resin coatings were prepared
with these polyaniline materials as antifouling additives. The antifouling property of the polyaniline
acrylic resin coatings was determined by immersion tests and the algae inhibition tests. The anticorrosion
property of the PANI-DBSA coating with a better antifouling property was proven by electrochemical
impedance spectroscopy (EIS) and measurement of the potentiodynamic polarization curve. The
experimental results suggested that the PANI-DBSA coating shows good antifouling performance and
anticorrosion performance. The mechanisms for the antifouling and anticorrosion performances
conferred by PANI-DBSA are also discussed.

Keywords: polyaniline; dodecyl benzene sulfonic acid; acrylic resin; algal inhibition; antifouling
coating; anticorrosion coating

1. INTRODUCTION

When operating in the ocean for any length of time, ship hulls are often attached and eroded by
fouling organisms in the water, leading to pipeline blockage, failure of hull surface coatings, and
reduction in operating efficiency, which increases maintenance costs and threatens the safety of ships[1].
To date, a total of more than 4000 species of marine fouling organisms have been identified, among
which barnacles[2], algae[3], diatoms[4], and mussels[5] are the most common large-scale marine
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fouling organisms that reside on hulls. In the early stages of biofouling, these fouling organisms
accumulate organic molecules, such as proteins and polysaccharides, on the surface of a material to form
a conditioning film, and then bacteria adhere to the conditioning film to form a biofilm. Biofilms attract
more spores of bacteria, diatoms, and macroalgae, as well as larvae of various marine organisms that
reach the surface, and then colonizers complete settlement and growth[6].

To solve the problem of biological fouling, the commonly used methods include physical
antifouling, biological antifouling, and chemical antifouling. The physical antifouling method includes
manual removal, ultrasonic treatment[7], and removal using a water jet[8], which can achieve antifouling
by controlling or inhibiting the adsorption of bacteria and microorganisms through physical means. This
method is simple and quick, but it requires considerable manpower and financial resources in actual
operation. The biological antifouling method can inhibit adsorption by interfering with biological nerve
conduction between organisms, such as adding bioactive substances[9,10] and developing artificial
bionic surfaces[11,12]. Bioactive substances can be degraded by microorganisms in the sea without
affecting the ecological environment[13] , but wide application of the biological antifouling method is
difficult because of the complicated process and high cost involved. Chemical antifouling is a widely
used method in which spores or larvae of marine fouling organisms are killed by the toxicity of certain
chemicals. Chemical antifouling methods include the direct addition of chemical substances[14],
electrolytic antifouling[15], and the use of chemical antifouling coatings[16,17].The use of chemical
antifouling coating is one of the most commonly utilized antifouling methods at present, which requires
less manpower and material resources, and is the most effective and long-term method for preventing
the adsorption of microorganisms and large organisms[18].

Polyaniline (PANI) has unique doping/dedoping chemistry and excellent electrochemical
properties. In addition to its environmental stability, low cost, and ease of synthesis, these advantages
have led to its wide use in conductive materials, anticorrosive materials, optical materials, and other
fields. The corrosion resistance of polyaniline has been reported in many previous studies[19-22].
Recently, an increasing number of studies have shown that polyaniline has a good antifouling effect,
which has led to polyaniline becoming an object of research for antifouling. Polyaniline has excellent
antibacterial properties, and toxicity tests show that polyaniline is not harmful to the human body, so it
is an environmentally friendly and harmless antifouling additive[23-26]. After doping and sulfonation,
polyaniline can effectively inhibit bacterial growth. The addition of polyaniline can improve the anti-
corrosion ability of a coating and reduce the attachment of algae and bacteria on the surface of the
coating[27,28].

In this study, polyaniline doped with dodecyl benzene sulfonic acid (PANI-DBSA) and the
emeraldine base form of polyaniline (PANI-EB) were prepared and characterized. The antifouling
properties of polyaniline/acrylic coatings were studied by exposure to simulated ecological
environments experiment and algae inhibition experiments. The anticorrosion property of the PANI-
DBSA coating with better antifouling properties was also studied.
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2. MATERIAL AND METHODS

2.1. Materials

Nmethyl-2-pyrrolidone (NMP) and aniline monomer (ANI) were purchased from Shanghai
Aladdin Reagent Co., Ltd., and aniline was doubly distilled under vacuo prior to polymerization.
Ammonium persulfate (APS), ammonium hydroxide (NHsOH), and hydrochloric acid (HCI) were
acquired from the Guangzhou Chemical Reagent Factory. Dodecylbenzene sulfonic acid (DBSA) was
purchased from Shanghai Macklin Biochemical Technology Co., Ltd. Acrylic resin was provided by
Dachong Resin Co., Ltd. Xylene and butyl acetate were acquired from the Maoming Petrochemical
Plant.

2.2. Synthesis of PANI-DBSA material

First, 0.1 mol of aniline monomer after secondary distillation was dissolved in 100 ml of 1 mol/L
dodecyl benzene sulfonic acid (DBSA)solution, and then 100 ml of 1 mol/L ammonium persulfate
aqueous (APS) solution as an oxidizing agent was added dropwise into the mixture. The dosage time for
the oxidizing agent was approximately 0.5 h, and the mixed solution was continuously stirred for 12 h.
The obtained polyaniline suspension was filtered using a circulating water vacuum pump and repeatedly
washed with distilled water until the pH of the filtrate became neutral. The product was placed in a
vacuum drying oven at 60 °C for 24 h and then ground into powder.

2.3. Synthesis of PANI-EB material

First, polyaniline doped with hydrochloric acid (PANI-HCI) was prepared. The steps for
preparing PANI-HCI are the same as those for preparing PANI-DBSA, and only a changing of 1 mol/L
DBSA (100 ml) to 1 mol/L HCI (100 ml) was required. Then,1 g of the prepared PANI-HCI powder was
added into 205 ml of 0.1 mol/L ammonia and stirred for 24 h. The subsequent steps were the same as
those for the preparation of PANI-DBSA. The product was filtered and repeatedly washed, followed by
drying in a vacuum drying oven at 60 °C to obtain a reddish-brown PANI-EB powder.

2.4. Preparation of polyaniline-acrylic resin paint

Polyacrylic resin was used as the base resin for a paint. For the preparation of the paint, 6 g of
butyl acetate was mixed with 14 g of xylene to prepare the diluent, and then 0.6 g of polyaniline material
was dispersed in the diluent under ultrasonic vibrating for 20 min, followed by the addition of 30 g of
acrylic resin. The paint system was fine ground and dispersed with zirconium beads for 2 h at a speed of
1500 r/min until the particle fineness of the painting was below 50 um. Finally, polyaniline-acrylic resin
paint with 2 wt % polyaniline was obtained after filtration with a 100 mesh filter. The painting without
polyaniline material was acrylic resin painting.
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The samples used in the immersion experiment were steel plates. To prevent coating failure due
to metal corrosion, the test samples were coated with three layers of paint films, including epoxy resin
primer (200 pum), intermediate paint (200 pm) and a polyaniline-acrylic resin topcoat (200£20 pum).

In the algal inhibition test, the polyaniline-acrylic resin paint material was uniformly applied on
to acrylic plates with a thickness of 15010 pm.

The sample use for the anticorrosion test in this paper was a test grade steel plate with a
polyaniline/acrylic resin coating thickness of 20010 pm.

2.5. Characterization methods

Fourier transform infrared (FTIR) spectra obtained for polyaniline samples in KBr pellets were
recorded with a spectrometer (Bruker, VERTEX 70, Karlsruhe, Germany) in the wavenumber range of
400-4000 cm™™,

UV-Vis spectra for the polyaniline solution in m-cresol were recorded by using a UV-Vis
spectrophotometer (YOKE INSRUMENT, UV755B, Shanghai, China) in the wavelength range of 190—
1100 nm.

X-ray diffraction (XRD) studies were performed on a X-ray diffractometer (Bruker, D8 Advance,
Karlsruhe, Germany) using a Cu-Ka radiation source, and the scan range (20) was 5°—80° with a 20 step
of 0.02° and a scanning rate of 0.1°/s.

Scanning electron microscopy (SEM) for polyaniline was analyzed using a Leica (FEI Company,
Nova Nano SEM 450, Hillsboro, America) instrument. To prepare the SEM sample, polyaniline powder
was dispersed in anhydrous ethanol for 30 minutes and the drop cast onto a copper sheet; after the powder
had dried, gold was sputtered on top.

The water contact angle (WCA) was measured by using a contact angle meter (Data Physics,
OCA40 Micro, Stuttgart, Germany), and the polyaniline powder was pressed into compact disks before
measurement.

2.6. Antifouling test for a polyaniline-acrylic resin coating

Antifouling tests include immersion tests and algal inhibition tests. For the immersion test, we
built a test chamber to simulate the ecological environment, in which aquatic plants, green algae, and
guppies were raised (Fig.1). During the test, there was sufficient air and light in the test chamber and the
temperature was kept at 25-27°C. To compare the antifouling ability, acrylic resin coated test samples,
PANI-EB coated test samples and PANI-DBSA coating test samples were used. After soaking in the test
chamber for 110 days, the samples were removed, and the biological attachment on their surfaces was
observed with a microscope.
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Figure 1. Test chamber used to simulate the ecological environment at 25-27°C.

Algae are an important group of foulers, and chlorella is one of the most common. The algal
inhibition rate of the coatings was measured by a chlorella inhibition experiment. In the algal inhibition
test, the polyaniline-acrylic resin paint material was uniformly applied to acrylic plates with a thickness
of 150+£10 um, and then the acrylic resin coating, PANI-EB coating, and PANI-DBSA coating were
soaked in chlorella solution for 7 days. The algal inhibition rate for different coatings was obtained by
comparing the concentration of chlorella on the coating surfaces.

2.7. Anticorrosion test for the polyaniline-acrylic resin coating

The anticorrosion property of the polyaniline-acrylic coating was tested by electrochemical
methods. The electrochemical impedance spectroscopy (EIS) and Potentiodynamic polarization curve
were tested with a Princeton 263A workstation by using three-electrode electrochemical test systems in
3.5% NaCl aqueous solution. A steel coating of 1 cm?was used as the working electrode, a platinum
plate with an area of 2.5 cm?was used as the auxiliary electrode, and a saturated calomel electrode (SCE)
was used as the reference electrode, which was placed close to the working electrode.

Before the electrochemical impedance spectroscopy test, the steel-coating working electrode was
immersed in 3.5% NaCl aqueous solution for 24 h. The EIS scanning frequency ranged from 102~10°
Hz, with a voltage disturbance value (AC) of 20 mV. The potentiodynamic polarization curve was tested
using a scanning range of -500 mVV~500 mV with a speed of 0.5 mV/s after the steel-coating working
electrode was immersed in 3.5% NaCl aqueous solution for 5 days.

3. RESULTS AND DISCUSSION

3.1. Characterization of PANI-EB and PANI-DBSA

The FTIR spectra for PANI-EB and PANI-DBSA are presented in Fig. 2. For PANI-EB, a strong
characteristic peak appears at 3467 cm™, which corresponds to the N-H stretching vibration. The peaks
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observed at 1642cm ™t and 1494 cm™ correspond to the stretching of the quinone structure N=Q=N and
benzene ring N—B—N (Q and B are quinone and benzene rings, respectively). The absorption vibration
peak at 1287 cm™ is due to the aromatic amine C—N. The peaks at 1163 cm™* and 835 cm™* are the C-H
bending vibrations in and out of the benzene ring, respectively. The characteristic peaks for PANI-DBSA
are basically the same as that of PANI-EB, but it can be observed that the main characteristic peaks for
PANI-DBSA are redshifted. This is due to the decrease in electron cloud density in the polymer
molecular chain due to doping, which reduces the force constant between atoms and leads to a decrease
in the energy required for an electron transition[29]. A vibration absorption peak appears at 1030 cm?,
which is a sign of the existence of a S=O stretching vibration absorption[30], indicating the existence of
sulfonic groups in PANI-DBSA.
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Figure 2. FTIR spectra for PANI-EB and PANI-DBSA.

The UV-Vis spectra for PANI in a dilute solution of NMP were scanned over the wavelength
range of 200 nm to 800 nm. As shown in Fig. 3, two absorption bands for PANI are evident at 330 nm
and 640 nm, which result from the n-n* transition and the benzene ring to quinone ring transition of the
conjugated system respectively[31]. When dissolved in NMP solution, the absorption bands for PANI-
DBSA are the same as those for PANI-EB, which is attributed to the fact that NMP is a strongly polar
solution (€=32). The C=0 group of the NMP molecule forms a hydrogen bond with the H atom on the
-COOH group of the dopant or those present on the N atoms in the polyaniline polymer chain, which
leads to deprotonation and reverse doping of the doped polyaniline, resulting in the formation of the
emeraldine-base form of doped polyaniline[32] .
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Figure 3. UV-Vis spectra for PANI-EB and PANI-DBSA dissolved in NMP solution.

As shown in Fig. 4, PANI-EB and PANI-DBSA both show peaks at approximately 26=20° and
25°. The peak at 26=20° is attributed to the periodic array of molecular chains parallel to the polymer
chain and represents the distance between the benzene ring planes in adjacent chains or the distance
between tightly contacted chains. The peak at 260=25° are possibly due to periodic molecular chains
aligned perpendicular to the polymer chain[33].
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PANI-DBSA

T T T T T T

Figure 4. XRD patterns for PANI-EB and PANI-DBSA.

Figure 5 shows two kinds of polyaniline material in the SEM images magnified 40000 times; as
shown in these figures, polyaniline is composed of many irregular nano ball nanofibers; because the
polyaniline chain reaction is strong, polyaniline fibres irregularly recombine together resulting in coral
shape microstructure presented the coral shape. The DBSA - PANI fibres are longer than the PANI-EB
fibres.
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Figure 5. SEM patterns (40000x) for (a) PANI-EB and (b) PANI-DBSA.

According to the powder contact angle test (Fig.6), the contact angles of PANI-EB and PANI-
DBSA are all less than 90°, among which the contact angles of PANI-EB and PANI-DBSA are 84.1°
and 66.0°, indicating that both PANI-EB and PANI-DBSA are hydrophilic materials. The hydrophilicity
of PANI-DBSA is better than that of PANI-EB.

. PANI-EB
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o . PANI-DBSA
84.1°

66.0°

(a)PANI-EB (b) PANI-DBSA

Figure 6. The contact angles of a water droplet on the coatings: (a)PANI-EB and (b)PANI-DBSA.

3.2. Results of antifouling test

3.2.1. Immersion test

Figures of the acrylic resin coating, PANI-EB coating and PANI-DBSA coating are shown in
Fig. 7. As shown in Fig. 7(a2, b2, c2), the coatings dimmed in colour and accumulated some fouler after
exposure to the simulated ecological environment test chamber for 110 days. Since the acrylic resin
coating (Fig.7 al) is light yellow but the PANI-EB (Fig.7 b1) and PANI-DBSA coatings (Fig.7 cl) are
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dark grey, the coatings with polyaniline are visible with many white foulers adhered to the surfaces. To
observe the situation of foulers, the parts with more foulers for each coating were chosen for observation.

(al) Acrylic resin (b1) PANI-EB (cl) PANI-DBSA

'](.1 b pr e e SN

(a3) Acrylic resin (b3) PANI-EB (c3) PANI-DBSA

Figure 7. Images showing the acrylic resin coating, PANI-EB coating and PANI-DBSA coating before
immersion (al, b1, c1) and after immersion for 110 days (a2, b2, c2); the surface foulers observed
with microscopy at 200x magnification (a3, b3, c3).
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After the coatings were dried naturally, the selected parts were observed with a microscope at
200 times magnification. The results shown in Fig.7(a3, b3, c3) show that the acrylic resin coating is
covered with a large number of short rod-like foulers and brown and white foulers, while the PANI-
DBSA and PANI-EB coatings have significantly less foulers than that with acrylic resin. By analysing
the shape and size of the foulers, the short stick material on the coating surface is attributed to Escherichia
coli, the brown material is attributed to Staphylococcus, and the white material is attributed to fish
excrement or biodegradable matter.

3.2.2. Algae inhibition test

In the algae inhibition experiment, a linear relationship between the concentration of chlorella
and its absorbance should be established. The chlorella solution concentration has a high linear
correlation coefficient with the UV-Vis absorbance[34]; therefore, the number of chlorella can be
calculated from the absorbance of the chlorella solution can be used instead of counting the chlorella
one by one[35]. The chlorella extract was diluted with distilled water 1, 2, 4, 6, 8, 10 times to prepare 6
samples of different concentrations. The number of chlorella cells in each sample was calculated by a
haemocytometer under a microscope (Fig.8), and the corresponding absorbance at a wavelength of 687
nm was measured using a spectrophotometer. The standard curve obtained by fitting the concentrations
(x,10° cells/L) and the absorbance(y) of chlorella yielded the following relationship:

y¥.=0.04883x-0.02539, and R?=0.99125.

The concentration of chlorella on the coating surface can be converted from the standard curve
(Fig.9), and the chlorella inhibition rate of the coating can be calculated by using the following formula:

Cacrylic resin~ C

Y = X % 100%

Cacrylic resin
where Cacryiic resin 1S the concentration of chlorella attached to the acrylic resin coating, Cx is the
concentration of chlorella attached to different polyaniline coatings, and Y is the chlorella inhibition rate
of the coating.

Figure 8. Microscopic image (500x%) of the chlorella extract diluted in distilled water.
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Figure 9. The standard curve shows the relationship between cell concentration and absorbance of the
chlorella.

After soaking in the chlorella solution for 7 days, the test samples were removed and washed
gently with distilled water. Then, the chlorella on the sample surfaces were brushed off and fixed at 20
ml to prepare the solution for an absorbance test. The test results showed that the absorbance value of
0.307 for the chlorella solution on acrylic resin coating with a chlorella concentration of 6.807x10°
cells/L. The absorbances of the chlorella solution on the PANI-EB and PANI-DBSA coatings was
measured to be 0.247 and 0.135, respectively, and the chlorella concentrations were calculated to be
5.578x10° cells/L and 3.285x10° cells/L, respectively. The calculated inhibition rate results are
presented in Table 1. The inhibition rates for the PANI-EB and PANI-DBSA coatings reach 18.05% and
51.75%, indicating that the algal inhibition rate for PANI-DBSA is higher than that for PANI-EB, and
the addition of PANI can significantly reduce the adhesion of chlorella on the surface of the coating.

Table 1. Chlorella concentration on different test samples and the calculated algal inhibition rates for
different test coatings.

Coating Absorbance Concentration (x10° cells/L) Inhibition Rate (%)
Acrylic resin 0.307 6.807 —
PANI-EB 0.247 5.578 18.05
PANI-DBSA 0.135 3.285 51.75

Contact angle tests show that the PANI-EB and PANI-DBSA are hydrophilic materials. The
PANI molecule has many N atoms to form hydrogen bonds, resulting in its good hydrophilicity. The
hydrophilicity of PANI-DBSA is better than that of PANI-EB, possibly because DBSA is a surface
activator. Previous studies have shown that composite membranes with hydrophilic polyaniline have
better hydrophilicity. Because of its hydrophilicity, a hydration layer is formed on the surface of the
coating, which can govern the water flux and prevent the adhesion and growth of fouler, improving the
antifouling performance of the coating[36-38].



Int. J. Electrochem. Sci., 17 (2022) Article Number: 22039 12

3.2.3. Analysis of antifouling mechanism of PANI-DBSA

Bacteria and algae can form biofilms on the surface of water-immersed objects, and the adhesion
molecule DOPA (3, 4-dihydroxyphenylalanine) is the key substance that affects the adhesion strength
of these biofilms on the metal surface[39,40]. Jiquan[41] constructed the repeated units of the main
structure of DOPA and PANI and calculated the charge. The calculation results showed that the main
active centre of DOPA are O= and OH-, and the main active centre of polyaniline is the N atom. The N
atom of PANI-EB had positive charge, and the benzene ring has a negative charge. While in PANI-
DBSA, the N atom has a negative charge and the benzene ring was with positive charge. Since the N
atom in the PANI-DBSA molecular chain has negative charge, the attraction to the adhesive molecules
is not as strong as that for PANI-EB. In the process of preparing PANI-DBSA, the introduction of
sulfonic acid groups improves the solubility of polyaniline and reduces the aromaticity of the polyaniline
benzene ring, thus reducing the interaction between adhesive molecules and the polyaniline benzene
ring. In addition, DBSA is a surfactant, and DBSA doping in PANI can promote the formation of more
PANI branch chains, providing more surface area and active sites for polyaniline, thus enhancing the
antifouling effect[42].

3.3. Results of the anticorrosion test

The results of the antifouling test showed that the PANI-DBSA coating has good antifouling
performance, and it is also significant to study its anticorrosion performance. The PANI-DBSA coating
and the acrylic resin coating as a control sample were used for corrosion resistance experiments.

3.3.1. Electrochemical impedance spectroscopy for the coatings

The EIS (Fig. 10) for the PANI-DBSA coating and acrylic resin coating is
a double capacitive arc with two time constants on the impedance plane, which indicates that the water
reaches the coating/base metal interface at this stage, and the corrosion enters the coating; however, no
macroscopic holes were observed on the surface of the coating. A larger capacitive arc radius indicates
that the greater the impedance modulus of the coating, the more difficult the charge transfer becomes,
and the more difficult it is to corrode the metal. Nyquist plots show that the capacitive arc radius and the
impedance modulus of the PANI-DBSA coating are significantly larger and greater than those of the
acrylic resin coating.

The Bode phase angle can reflect the protective performance of a coating system, with peaks
appearing in different frequency regions corresponding to different coating states. In the low-frequency
region (102-10Hz), the peaks can be explained by the corrosion activity at the interface between the
metal surface and coating. The peaks shown in the intermediate frequency region (1-10° Hz), indicate a
subtle defect in the coating surface. The peaks shown in high frequency region (10%-10° Hz), indicate the
shielding behaviour of the coating[43]. The acrylic resin coating and PANI-DBSA coating both show
very obvious peaks in the high frequency region, indicating that the two coatings have good anticorrosion
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performance. The PANI-DBSA coating also shows a peak in the intermediate frequency region,
indicating that there are small defects on the coating.
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Figure 10. (a)Nyquist plot and (b)Bode plot for the PANI-DBSA coating and acrylic resin coating after
immersion in 3.5% NaCl aqueous solution for 24 hours.

Based on analysis of the impedance spectra and models of the polyaniline and acrylic resin
coatings, the circuit shown in the diagram below (Fig. 11) was selected as the fitted equivalent electrical
circuit.

Figure 11. Equivalent electrical circuits for the PANI-DBSA and acrylic resin coatings.

In the equivalent circuit model, Rs is the solution resistance, Rc is the coating resistance, Rp is
the charge transfer resistance, Qp is the double layer capacitance, and Qc is the constant phase angle
element. Rc reflects the resistance of charge transfer between the electrolyte and metal interface. The
higher the value of Rc is, the less likely the corrosive medium is to penetrate into the coating and the
stronger the corrosion resistance of the coating. Because the electrode surface dispersion effect leads to
deviation from the ideal capacitance of the coating, it is often necessary to introduce the phase angle
element Q. to characterize the dispersion effect. The dispersion effect is related to factors such as the
electrode surface current distribution and roughness; the dispersion index n ranges in value from 0 to 1;
a n value close to 0 indicates a nearly pure resistance, and a n value close to 0 indicates a nearly pure
capacitance.
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The fitting results given in Table 2 show that the resistance Rc of the PANI-DBSA coating and
acrylic resin is 1.485x10’Q-cm? and 1.557x10° Q-cm?, respectively, indicating that the PANI-DBSA
coating has a better corrosion resistance. The test results are consistent with SHIHUI's study, and the
impedance value of the coating with PANI is significantly higher than that of the coating without
PANI[44]. The factors affecting the corrosion resistance of the coating are not only the addition of PANI,
but also the type of base resin. For the case of PANI-DBSA, Camila M used epoxy resin as the base
resin, and measured a higher coating impedance [45]. S. Sathiyanarayanan compared the metal
protection performance of acrylic resin and epoxy resin, and the research results showed that for the case
of the addition of the same PANI, the impedance value for an epoxy resin coating is larger than that of
an acrylic resin coating, but with the acrylic resin coating also showing good corrosion resistance in the
test[46].

Table 2. Fits to the electrochemical data obtained for the acrylic resin coating and PANI-DBSA
coating after immersion in 3.5% NaCl aqueous solution for 24 hours.

. Qe Re Qp Re
Coating (S.cm~-2s") nl (Q-em?)  (S.cm~—2s") n2 (Q-cm?)
Acrylic resin 1.026x10° 1 1.557x10° 4.858x10°  0.3855 8.5x10*
PANI-DBSA 8.209x 1010 0.9031 1.485x107 1.016x10° 1 1.912x10°%

3.3.2. Potentiodynamic polarization measurements for the coatings

The potentiodynamic polarization curves for the PANI-DBSA coating and acrylic resin coating
after immersion for 5 days are shown in Fig. 12. The corresponding corrosion potential (Ecorr) and
corrosion current density(icorr) can be obtained by calculating the potentiodynamic polarization curve. In
general, a higher Ecorr and lower icorr indicates better corrosion protection. As shown in the plot, the
potentiodynamic polarization curve obtained for the PANI-DBSA coating shifts towards the positive
direction and left compared with that of the acrylic resin coating, which means that proper coating of
metals with PANI-DBSA leads to a significant shift in Ecorr and lcorr[47,48]. After calculation, the Ecorr
of the PANI-DBSA coating (Ecorr=-0. 303 V) is higher than that of the acrylic resin coating (Ecorr=-0. 674
V), and the lcorr of the PANI-DBSA coating (lcor=2.697x108A-cm) is significantly lower than that of
the acrylic resin coating (lcor=1.543%105A-cm™). Clearly, the addition of PANI-DBSA improves the
anticorrosion performance of the coating.
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Figure 12. Potentiodynamic polarization curves measured for the PANI-DBSA coating and acrylic resin
coating after immersion in 3.5% NaCl aqueous solution for 5 days.

3.3.3. Analysis of the anticorrosion mechanism for PANI-DBSA

The redox reaction occurs at the interface between PANI and the metal base to form a Fe-PANI
compound. The oxidation potential of this compound is higher than that of PANI alone, which promotes
the reduction of oxygen by catalysis[49], thus compensating for the charge consumed due to the
dissolution of iron, stabilizing the potential of iron in the passivation zone, and reducing the dissolution
rate of the metal[50]. The smoothness of the coating is one of the factors affecting its anticorrosion
performance, and the cracks and air bubbles on the surface of the acrylic coating left by solvent volatiles
may be the reason for the observed decrease in the resistance value of the acrylic resin coating. DBSA
has a long carbon chain and its chain segment shows good flexibility. By using DBSA to dope PANI,
PANI-DBSA can form a slender elongated fibre structure, which can lead to good compatibility with
resin[51]. With the addition of organic acid DBSA doped PANI, the porosity is reduced, and the coating
surface becomes smoother. Therefore, compared with the acrylic resin coating, the PANI-DBSA coating
has superior corrosion resistance.

4. CONCLUSION

In this study, PANI-EB and PANI-DBSA were synthesized and characterized by FTIR, UV -
Vis, XRD, SEM and WCA. The polyaniline/acrylic resin coatings were prepared by adding them into
acrylic resin. Antifouling tests were set up to study the antifouling performance of PANI materials with
acrylic resin coatings. The anticorrosion effect of PANI-DBSA was discussed based on electrochemical
measurements. The following observations were made:

1. After soaking in an experimental chamber simulating the ecological environment for 110
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days, an observation with a microscope at 200 times magnification shows that the amount of foulers on
the coatings follows the order of acrylic resin coating > PANI-EB coating > PANI-DBSA coating

2. A chlorella inhibition experiment revealed that the inhibition rate of the PANI-
DBSA/acrylic resin coating on algae reaches 51.75%, which is higher than the 18.05% inhibition rate
obtained for a PANI-EB/acrylic resin coating.

3. Nyquist plots reveal that the capacitive arc radius of the PANI-DBSA coating is larger
than that of the acrylic resin coating. By fitting the impedance data, the resistance of the PANI-DBSA
and acrylic resin coatings was determined to be 1.485x10’Q-cm? and 1.557x10° Q-cm? respectively.

4, The parameters determined from a fit to the polarization plots demonstrate the beneficial
role of PANI-DBSA in the anticorrosion performance of the acrylic resin coating.
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