ISSN 2786-5371 print
ISSN 2786-538X online
Texnonozii ma inarcunipunz, N 1(18), 2024

Ximiuni ma oioghapmayesmuuni mexnonozii
Chemical and Biopharmaceutical Technologies

https://doi.org/10.30857/2786-5371.2024.1.11

YK 667.6; YONG Z., BAKLAND. V., MYRONYUK O. V.
678:620.168.3 Igor Sikorsky Kyiv Polytechnic Institute, Ukraine

CORROSION RESISTANCE OF POLYMER-SILICA-CALCITE
TEXTURED SURFACES

Purpose. Determine the relationship between the corrosion resistance properties of the additive
coatings and the fractional composition of the components that form the texture.

Methodology. In this work, an additive bifractional texture was created on the basis of a styrene-butyl
acrylate copolymer as a binder and hydrophobized silica nanoparticles and hydrophobized calcium carbonate
microparticles as texture-forming fillers. The coatings were applied to the substrate by pneumatic means. To
assess the corrosion resistance, the samples were immersed in distilled water and salt solution. To assess the
change in properties, the angle of wetting with water (the sitting drop method) was used, and scanning electron
microscopy was used to observe structural changes on the surface. Electrochemical impedance spectroscopy
and potentiodynamic polarization curves were used to evaluate the corrosion potential.

Findings. The results show that the obtained coatings are not completely resistant to prolonged
exposure to water. The main defects are cracking and an increase in surface polarity. This leads to a drop in
the angle of wetting with water. An additional deterioration in the water-repellent properties is due to a
decrease in the adhesion of the polymer to the filler. According to the studies of self-corrosion potential, the
sample with the largest amount of micro-sized filler and the lowest polymer content was the most stable. For
this sample, no loss of hydrophobic properties was observed after prolonged immersion in a corrosive
environment, although cracks formed on the surface.

Originality. For the first time, significant changes in corrosion resistance have been shown to be
possible for additive coatings obtained by pneumatic spraying with a hierarchical surface structure, depending
on the fractional ratio of micro- and nanosized particles that form the texture.

Practical value. The composition of an additive coating based on a styrene-acrylic polymer and
structure-forming particles has been developed, which is characterized by increased corrosion resistance due
to the fractional ratio, which allows forming a structure with high water repellency.

Keywords: hydrophabicity; textured coating; contact angle; water-repellent coatings; corrosion.

Introduction. The use of textured surfaces to increase the ability to repel liquids by forming
anomalous wetting states — Wenzel and Cassie and it is attracting attention as a promising approach
to the formation of useful properties of materials: anti-icing, increased corrosion resistance, self-
cleaning, etc. [1-4]. There are many research papers that investigate methods of creating texture on
a surface among which laser engraving, electrochemical etching and sol gel fusion can be mentioned,
however these technologies have a scaling problem as further increasing the area of the lining requires
high equipment costs [5, 6]. An alternative is additive coatings that can be applied to the surface by
pneumatic means and solve one of the main problems of this technology, namely its scalability [7].
At the same time, the surface structure of such materials can be flexibly adjusted by varying their
fractional composition, which ultimately allows changing their degree of water repellency. The
development of a relatively technological method to adjust the texture parameters of coatings
obtained by classical pneumatic spraying technology by varying their component composition is a
way to solve two essential problems of textured water repellent surfaces at the same time: scalability
and cost [8-10]. In this work, the effectiveness of this method is evaluated by the indicators of one
of the final target properties — corrosion resistance, which illustrates the practical potential of its
application.

Task statement. The literature review revealed that there is a need for resistant coatings that
can provide water-repellent properties when exposed to corrosive media. For this purpose, water-
repellent coatings based on the principle of bifractional fillers of the micro- and nanoscale with a
depleted polymer matrix composition are effective. In this work, the method of electron microscopy
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was used to evaluate the structure of the texture, and wettability anomalies were determined using the
equilibrium edge angle of water wetting. The stability of the water-repellent properties was evaluated
during prolonged contact with liquid water and corrosive environments.

Purpose. The purpose of this work is to establish the relationship between the corrosion
properties of additive coatings and the fractional composition of the components that form the texture.

Materials and methods of the research. To form textured surfaces were used two filler types
—nanoscale and microscale. As a nanoscale filler, dimethyldichlorosilane treated silica (Aerosil R972,
Evonik, Germany), referred to as “R972”. As microscale filler, a commercial grade filler for plastics
was used, ground calcite (Normcal 2, Som Calcite, Turkey). The polymer matrix includes the AC80
styrene-butyl-methacrylate copolymer (OMNOVA Solutions, USA), referred to as “AC”.

To reduce surface energy, the calcite surface was treated with stearic acid according to the
procedure [11]. The process was carried out in 1 wt. % ethanol solution. After conditioning 5 g of
calcium carbonate in 30 ml of solution for 24 h, the liquid above the precipitate was decanted and the
particulate was washed with pure ethanol and filtered on a paper filter. Obtained hydrophobized
calcite referred as “CaCOz”.

The coating substrates were mirror polished aluminum plates (commercial anodized
6063 aluminum alloy). The coatings were applied by pneumatic spraying of polymer-filler solutions
in xylene (a mixture of para- and ortho-xylene). The ratio of xylene and other components was 4:1,
respectively. The compositions of the created samples are given in the Table 1. After spraying, the
coated plates were dried in an oven for 1 hour at 100 °C. Pure polished aluminum plate and polymer
coated aluminum plate were used as reference.

Table 1
Sample compositions

Sample name Aerosil R972, Hydrophobized calcium Styrene-butyl-methacrylate
wt. % carbonate (CaCOs), wt. % copolymer (AC), wt. %
AL - - -
AC - - 100
C3 13 78 9
C4 5 90 5
C5 35 42 23

The coated aluminum plates were insulated with epoxy resin. As a result, only one side of the
surface was subjected to corrosion. The test samples were immersed in 3,0 wt. % NaCl solution in
water. Electrochemical impedance spectroscopy and potentiodynamic polarization curves of the
samples were measured using an electrochemical workstation BP-300 (Biologic, France). In the
experiment, a three electrode system was used: the working electrode was the specimens with
different corrosion time; the auxiliary electrode was a 4 cm? Pt sheet; the reference electrode was a
saturated calomel electrode (SCE); the working temperature was room temperature (25 °C); all the
potential values were relative to the potential of saturated calomel electrode; the electrolyte used in
the experiment was 3,0 wt. % NaCl solution; the frequency range of electrochemical impedance
spectroscopy (EIS) was 10~100 kHz; the amplitude of disturbance AC potential applied during the
test was 10 mV; the scanning potential range of the potentiodynamic polarization curve was +0,3 V
vs. Ecorr (relative to the self-corrosion potential); the scanning speed was 1 mV/s.

Water contact angles data was obtained by sessile drop technique using an optical microscope
and a digital camera with a 10x objective. Scanning electron microscopy (Sigma 300, Zeiss) was used
for to observe structural changes on the surface.

Research results. Considering that polymers, especially polar polymers, can absorb liquid
water, their water repellent properties and long-term stability of coatings in wet or underwater
conditions may deteriorate with time. The samples did not lose Cassie condition after exposure to salt
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water for 32 hours (Table 2). The wetting angle of sample C5 (35% R972 + 42% CaCOs + 23% AC)
started to increase after 4 hours of immersion in water. A possible reason for this is the self-repair of
the structure after the surface layer was removed. Also, the results showed that sample C4 (5% R972
+ 90% CaCOs + 5% AC) was the most stable.
Table 2
Surface characterization of the water resistance (water contact angles, deg.)

Sample Composition Duration of immersion in water, hours
0 1 2 4 8 32
C3 13% R972 + 78% CaCOs3 + 9% AC 146° | 146° | 130° | 138° | 125° | 122°
C4 5% R972 + 90% CaCOs3 + 5% AC 146° | 146° | 141° | 140° | 136° | 130°
C5 35% R972 + 42% CaCOs + 23% AC 146° | 120° | 109° | 100° | 110° | 124°

It can be assumed that after wetting with water, the adhesion of the polymer to the filler surface
decreases and water can concentrate at the boundaries between the polymer and particles. This feature
is most visible for sample C3, which can be confirmed by studying the structure of such coatings
(Fig. 1). The photo shows that some particles have detached from the surface, forming well-defined
cavities (Fig. 1 C3a and C5a).

"Caa Cla C5a
Fig. 1. SEM images of the sample surface before (C3-C5) and after (C3a-C5a) 32 hours
of static water immersion

Figure 2 shows the polarization curves for samples C1-C5. Also, in table 2 are given self-
corrosion potential of samples C1-C5. The polarization curves measure the corrosion rate of the
surface of the samples. The lower the density of the self-corrosion current, the lower the corrosion
rate, the more positive the self-corrosion potential, the less the corrosion tendency.

From the self-corrosion potential data (Table 3), it can be said that sample C4 has the strongest
corrosion resistance. Sample C2 is more susceptible to corrosion than the pure aluminum plate (C1).
The self-corrosion potential of sample C3 is close to that of sample C4, but it also has high corrosion
resistance. The self-corrosion potential of sample C5 is close to that of pure aluminum, which may
be due to the fact that water molecules easily penetrate the coating.
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Fig. 2. Polarization curves of different electrodes, where: Sample 1 — polished aluminum plate;
Sample 2 — AC coated aluminum plate; Sample 3 — 13% R972 + 78% CaCOs + 9% AC; Sample
4 - 5% R972 + 90% CaCOs + 5% AC; Sample 5 - 35% R972 + 42% CaCOs + 23% AC

Table 3
Surface characterization of the water resistance (water contact angles, deg.)

Sample Composition Self-corrosive potential, mV (SCE)
Cl - -660
C2 100% AC -720
C3 13% R972 + 78% CaCOs + 9% AC -6
C4 5% R972 + 90% CaCOs + 5% AC 137
C5 35% R972 + 42% CaCO3 + 23% AC -658

Figure 3 shows the results of the AC impedance spectra of the samples. Table 4 shows the
modulus of high-frequency and low-frequency impedance of samples. The low-frequency modulus
for sample C4 is much higher than that of other samples. This indicates that the corrosion resistance
of the sample can be effectively improved by superhydrophobic modification. Sample C3 also
exhibits high corrosion resistance. Sample C5 has properties close to the pure aluminum surface.
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Fig. 3. Bode plots of the EIS results for different specimens, where: Sample 1 — polished
aluminum plate; Sample 2 — AC coated aluminum plate; Sample 3 — 13% R972 + 78%
CaCOs + 9% AC; Sample 4 - 5% R972 + 90% CaCOs + 5% AC,;

Sample 5 - 35% R972 + 42% CaCOs + 23% AC
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Table 4
The modulus of high-frequency and low-frequency impedance of samples
High-frequency Low-frequency
Sample Composition impedance modulus, | impedance modulus,
Q-cm? Q-cm?
Cl - 2,149 300
C2 100% AC 16,59 258
C3 13% R972 + 78% CaCOs + 9% AC 42,54 611
C4 5% R972 + 90% CaCOs + 5% AC 49,06 680
C5 35% R972 + 42% CaCO3z + 23% AC 9,67 364

When comparing the wetting angle with water after 72 hours of immersion in a solution of
3,0 wt. % NaCl, the surface of sample C5 suffered the most severe corrosion (Table 5). It is followed
by specimen C3, with specimen C4 having no obvious changes, indicating a significant improvement
in the corrosion resistance of the specimens after hydrophobic treatment of the microfiller — calcium
carbonate threated by stearic acid. The effect of increasing the wetting angle for sample C5, as was

the case when immersed in distilled water, was not observed for NaCl solution.
Table 5

Water contact angles (deg.) of coatings after immersion in NaCl solution

Duration of immersion in 3,0 wt. % NacCl
Sample Composition solution, hours
0 24 48 72
C3 13% R972 + 78% CaCOs + 9% AC 146° 120° 125° 120°
C4a 5% R972 + 90% CaCOs3 + 5% AC 146° 135° 134° 134°
C5 35% R972 + 42% CaCOs + 23% AC 146° 120° 104° 89°

Figure 4 shows the SEM images of the C3-C5 samples after 72 h of soaking in corrosion
medium (3,0 wt. % NaCl solution). The photo shows that many holes and uneven branches appear on
the surface, and some areas fall off, indicating partial erosion of the coating on the samples during
the corrosion process.

According to Figure 1 (C5) and Figure 4 (C5a), the surface of the specimens before corrosion
consists mainly of spherical particles, which are generally flat but with many cracks. Figure (C5c)
shows NaCl particles on the coating surface, which means that the coating was most degraded after
exposure to the corrosive environment for 72 h. By comparing the surface photo of the C3a and C4a
specimens after the action of water and the surface photo of C3c and C4c after the action of the NaCl
solution, it can be seen that the cracks and caverns increased after the action of the corrosive medium.
However, salt crystals are not observed in these samples, as in the case of sample C5c.

C3c ] Cic ] C5c
Fig. 4. SEM images of sample surfaces after corrosion C3c-C5c¢
(immersion in 3,0 wt. % NaCl solution)
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Conclusions. As aresult, it is shown that coatings based on a styrene-butyl acrylate copolymer
and two hydrophobic fillers nanosized silicon dioxide and microsized calcium carbonate are not
resistant to prolonged residence in water. The main defects observed are cracking and an increase in
surface polarity, which leads to a drop in wetting angle with water. Also, water reduces the adhesion
of the polymer to the filler, further degrading the water repellent properties. The self-corrosion
potential study showed that the most resistant specimen was the specimen with the highest amount of
micro-sized filler and minimum polymer. For this sample, no loss of hydrophobic properties was also
observed after prolonged immersion in the corrosive medium, although cracks were formed on the

surface.
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Hayionanenuti mexuiunutl ynisepcumem Yxpainu « Kuiscokutl noiimexuivHutl iHCmumym
imeni leops Cikopcokoeoy, Yrpaina
KOPO3IMHA CTIMKICTD HOJIIMEP-KPEMHE3EM-KAJIBIIUTOBUX
TEKCTYPOBAHUX ITOBEPXOHb

Mema. BcmarnosnenHs 63a€MO036'3Ky NPOMUKOPOZIUHUX 81ACMUBOCMEN AOUMUBHUX NOKPUMMIE 3

dpaxyitinum cKnaoom opmyouux mexcmypy KOMHOHEHMIS.

Memoouxka. Y Oaniti pobomi adumuena Oighpaxyilina mexcmypa Cmeopena Ha OCHOBI CONoimMepy
CMUPOR-OYMUN-aKpuiamy AK 36 A3VI04020 ma AK MeKCMYpOYMEOpPIoYl HAN0GHI08AY] HAHOYACMUHKU
2i0poh0bi3068aH020 KpeMHe3eMy ma MIKPOUACMUHKU 2I0pOp0oDI308aHO CMEApUHO80I0 KUCTIOMOI KapOoHamy
Kkanvyilo. Ha nioxnaoky noxpumms HAHOCURUCS NHEEMAMUYHUM CRocoboM. [ oyinoeanHs KOpPO3IUHOT

cmitikocmi  3pasKu  3aHyprO8aIUca y OUCMUTbOBAHY 600y MdA PO3YUH COJI.

Jlna  oyinosanHs 3MiHu

BAACTMUBOCEN BUKOPUCTIAHO KV 3MOYYBAHHS 800010 (MemoO CcUOsuoi Kpanii), CKaHyoud eieKmpoHHA
MIKPOCKONisL OJis1 CHOCMEPENCEeHHsL 3d CIMPYKMYPHUMU 3MIHAMU HA noepxHi. Enexmpoximiuna imnedancna
CNEeKMPOCKONisE ma NOMEHYIOOUHAMIYHI NOAPUZAYIUHI KpUsi OYIU SUKOPUCIAHT Ol OYIHKU KOPO3IUHO20

nomenyiany.
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Pezynomamu. B pesynromami nokasano, wjo ompumaHi nOKpumms He € HOGHICMIO CMIUKUMU 00
mpuganoeo nepebysantns y 600i. OCHOGHUMU OedeKmamu € pPO3IMPICKY6anHs 1 30LMbUleHHA NOAAPHOCTI
nosepxui. ILle npuzsooumv 00 nAdiHHA Kyma 3MOYYBAHHA 68000w. Jlodamkose nocipuieHHs
60008IOUMOBXYBANLHUX BACIMUBOCIEN NOACHIOEMbCA 3MEHWEHHAM a02e3ii noaimepy 00 HANnogHI08aYA.
32i0no 0ocniddiceHb NOMeHYiany camoKopo3ii HaUOIIbW CMIUKUM 8UABUBCS 3PA30K 3 HAUOLILULOIO KITbKICIO
MIKPOPO3MIDHO20 HANOBHIO8AYA | MIHIMAIbHUM 6MicmoM nonimepy. /s yvoeo 3paska makodc He
cnocmepieanocsa empamu 2i0opogpooHUX racmueocmelt nNicisk MpUAIO20o 3aHYpents 8 KOpo3iliHe cepedosuuye,
Xoua Ha NOBEPXHi YMEOPUNUCA MPIUHU.

Haykosa nosusna. Bnepue noxaszano, wo 015 aOumugHuUX NOKpUmMmia, 00epiHCAHUX NHeBMAMUYHUM
PO3NUNIEHHAM, 3 IEPAPXIUHOI0 CIMPYKMYPOIO NOBEPXHI MOJICIUGI CYMMES] 3MIHU KOPO3IUHOI cmilikocmi 8
3ANeHCHOCI 810 PPAKYILHO20 CRIBGIOHOULEHHS MIKPO- MA HAHOPO3MIDHUX (DOPMYIOHUX MEKCIYPY YACTMUHOK.

Ilpakmuuna 3uauumicms. Po3pobreno cxiad aoumugHo2o NOKPUMMS HA OCHOBI CHUPOI-
aKpuiogozo nolimepy ma CMPYKMypoyMeEoprwyux YaCmMuHOK, 5Ke Xapakmepuzyemvbcs Ni08UWEeHO0
NPOMUKOPOIIIHOW 30AMHICIIO 30 PAXYHOK CNIGGIOHOUIeHHS (PpaKyitl, wo 00360J5€ Chopmy8amu CMpyKmypy
3 BUCOKOIO CMADINbHICMIO B000GIOUWMOBXYBAHHS.

Knrouoei  cnosa:  ciopogobuicms,  mexcmyposane — NOKpumms;, — KVM  3MOYYBAHH,
80008I0UIMOBXYBATIbHI NOKPUMMISL, KOPO3isl.
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