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In this study, polyaniline (PANI) nanocomposites/silica (SiO2) nanoparticles
are used in epoxy to create smart anticorrosive coatings for the alloy used in
helicopters. SiO2 was synthesized by a sol–gel method with tetraethyl
orthosilicate. Then, PANI/SiO2 nanocomposites were formed by the electro-
static method. Various tests, including Fourier-transform infrared, ultravio-
let–visible spectroscopy, x-ray diffraction, thermo-gravimetric analysis and
field-emission scanning electron microscopy, have been performed for char-
acterization of the nanocomposites, and the results indicate that the synthesis
of these nanocomposites has been completed. Then, 1 wt.% of PANI/SiO2

nanocomposite was added into epoxy resin and cured by polyamine hardener.
Epoxy/PANI/SiO2 coatings with 30-lm thickness were tested on the alloy of
the helicopter body. The atomic weight fraction of the helicopter alloy was
determined by the inductively-coupled plasma emission test. The results
indicate that aluminum constitutes 98% of the alloy. Finally, the analysis of
the sealed coatings by electrochemical impedance spectroscopy and salt spray
tests have demonstrated that epoxy/polyaniline/silica nanocomposites signif-
icantly increase the anticorrosive properties of the epoxy.

Abbreviations
FTIR Fourier-transform infrared
UV Ultraviolet–visible spectroscopy
XRD X-ray diffraction
TGA Thermo gravimetric analysis
FESEM Field-emission scanning electron

microscopy
EIS Electrochemical impedance spectroscopy
ICP Inductively-coupled plasma emission test
PANI Polyaniline
APS Ammonium persulfate
TEOS Tetraethyl orthosilicate

INTRODUCTION

Currently, significant amounts of metals and
alloys are used in various industries, and their
protection against scratches and corrosion is

considered extremely important.1–5 There are dif-
ferent ways to inhibit or diminish the generation
rate of corrosive components. One of the most
efficient methods to prevent metal corrosion is to
use organic coatings on the metal surface. The
science of coating with many paints and resins is
now utilized to protect metals and prevent body
corrosion of industrial devices. In order to increase
the corrosion resistance of the surface, there are
numerous corrosion inhibitors and nanofillers
which enhance their long-term weathering perfor-
mance.6–10 Preventing corrosion of alloys used in
helicopter structures and the process of self-healing
and automatic fixation of minor damage, without
having to apply traces on alloy structures or any
other physical interventions, have become topics of
interest for researchers.11–17

Aluminum accounts for a significant weight frac-
tion of the exterior helicopter body. This element is
frequently used in many industries, devices, vehi-
cles, and helicopters thanks to its low weight and
cost. However, its corrosion resistance needs to be
enhanced in corrosive environments.1 Corrosion
poses a serious threat to the economy and industry,
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and results in potential danger to the environment.
Therefore, corrosion protection has become a criti-
cally important issue.18–25 Protection of substrates
over surfaces has been achieved by utilizing organic
coatings to increase their performance and appear-
ance. In order to reduce the harsh impacts of
outdoor exposure, exterior coatings are usually
applied. The main destructive factors that damage
coatings are corrosion and weathering factors (i.e.,
temperature, sunlight, water, etc.). These factors
not only destroy the coating itself but also cause
coating malfunction during service life. As a solu-
tion to improve the corrosion resistance of metals,
epoxy coatings are among the main useful corrosion
protective elements in the industry, with enhanced
properties of adhesion, mechanical and tribological
strength, and chemical resistance. Polyaniline is a
famous conductive polymer that has a simple syn-
thesis, with high stability and low cost. Also, PANI
(polyaniline) has several characteristics that can be
used for enhanced resistance to corrosive
agents.26–34 Moreover, studies have indicated that
utilization of conductive polymers such as polyani-
line increases self-healing properties of epoxy coat-
ings. SiO2 nanoparticles have been used in many
applications, like organic epoxy coatings, and have
gained high attention thanks to their strong scratch
resistance, high transparency, and low
refraction.35–49

Evaluating elements existing in alloys used in
helicopter structures via inductively-coupled
plasma spectroscopy analysis (ICP), in this study
we examine the effects of adding polyaniline
nanocomposites and silica nanoparticles to compo-
nents of epoxy and polyamine film on the self-
healing properties of epoxy resin. Polyaniline
nanocomposites are synthesized through a solution
method using silica nanoparticles. The synthesized
nanocomposite structure is then identified via tests
including field-emission scanning electron micro-
scopy (FE-SEM), Fourier transform infrared spec-
troscopy (FT-IR), x-ray diffraction (XRD), UV–
visible spectroscopy (UV–Vis), and thermogravimet-
ric analysis (TGA). Self-healing and protective
properties of epoxy coatings containing the men-
tioned nanocomposites are examined via electro-
chemical impedance spectroscopy (EIS) and salt
spray analysis. The results demonstrate that, by
applying scratches and rupture of silica nanoparti-
cles, film components are released and curing
reactions occur in the scratches, which are finally
healed on the coating.5–7

MATERIALS AND METHODS

Raw Materials

The alloy used in helicopter structures was sup-
plied by Army Aviation. A 20,000 thinner produced
by Iran Pars Kimia was used to decolorize the
structure alloy. To this end, 200-, 400-, and 800-grit
sandpapers were used. Aniline, ammonium

persulfate, and HCL 35% were supplied by the
Merck, Germany. Silica nanoparticles were synthe-
sized through a sol–gel method using triethyl
orthosilicate supplied by Sigma Aldrich, and etha-
nol, acetic acid, and ammonium 25% solution were
supplied by Merck. Epoxy resin of 828 type supplied
by Epicoatand Epicure’s E-205 polyamine were used
as polymer matrices. For this purpose, epoxy was
constantly mixed with polyamine with a 2 to 1
stoichiometry weight/weight percentage.

Synthesis Method of Silica Nanoparticle

An amount of 0.5 mL of acetic acid was added to a
flask containing 50 mL of ethanol. The pH was
adjusted to 4–4.5 after 1 min. Then, 1 mL of
tetraethyl orthosilicate was added to the solution
and stirred for 3 h by a magnetic mixer at 30�C.
Next, 5 mL of distilled water was added to the
solution, and 5 mL of ammonia was instilled after
half an hour. An opal solution was formed after 6 h.
Sediments were oven-dried at 70�C, after being
centrifuge-rinsed with a water:ethanol mixture of
1:4 volume proportions at 3000 rpm for half an hour,
and for five consecutive times.1–4

Synthesis Method of Polyaniline
Nanocomposite and Silica Nanoparticles

Polymerization was performed via an electrostatic
method using a 1 M solution of hydrochloric acid.
The amount of 10 m3 of hydrochloric acid was
increased to 120 m3 by adding distilled water. Then,
110 m3 of the solution was mixed with 0.1 g of silica
nanoparticles and ultrasonicated by a homogenizer
at 200 W for 60 s. The mixture was then stirred for
30 min. An ice-water bath was prepared, and the
system was sealed in the presence of totally oxygen-
free nitrogen gas. Aniline was injected into the
system with a syringe through a thread-sealing tape
so as to avoid nitrogen depletion from the system,
and then stirred for 30 min. Next, 10 m3 of the
remaining hydrochloric acid solution from the pre-
vious stage was stirred for 10 min with 1.24 g of
ammonium persulfate until it was thoroughly
dissolved.1–8

The resulting solution was then injected into the
mixture through a syringe pump, dripping with an
approximate rate of one drop per 5 s. It was
observed during the injection that the solution color
turned from light yellow to brown, then blue, and
finally green. The solution was next stirred for 6 h
at 0–4�C. Finally, the resulting solution was trans-
ferred to a beaker, stored in a refrigerator for
polymerization to continue for another 24 h, and for
the remaining oligomers to turn into polymer, and
for the reaction to end. The nanocomposite from the
previous step was centrifuged three times at
3000 rpm for 30 min with a 3:1 mixture of deionized
methanol:water. The rinsed nanocomposites were
dried for 24 h at 45�C.39,41,50–52
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Preparation Method of Nanocomposite
Coating Using Epoxy Resin

In order to prepare a polymeric nanocomposite as
the coating complying with the research, metallic
surfaces of the alloy to be coated were prepared. To
do this, the metallic surface was polished using 400-
, 800-, and 1200-grit sandpapers. The plates were
subsequently exposed to ultrasonic waves in acetone
and methanol to ensure that the metal surface was
entirely degreased and cleaned. Three types of
coating were processed during this study, namely
fine epoxy, epoxy–nanosilica composite, and epoxy–
polyaniline nanocomposite/silica composite with
1 wt.% of nanoparticles. To obtain a pure epoxy
coating, epoxy resin and amine hardener with 2:1
weight proportion were mixed for 10 min. The work
process in preparation of the epoxy–nanosilica
composite was as follows: 3 g of resin was mixed
with 45 mg of oxidized diamond nanoparticles, and
the resulting mixture was stirred under amalgama-
tion in a mixer at 1000 rpm for 30 min to obtain an
even distribution of nanoparticles in the epoxy
resin. Sonication was thereafter performed on the
mixture for 7 min (2 min pulse-on and 5 min pulse-
off) to disperse the nanoparticles and to eliminate
bubbles. At the next stage, 1.5 g of amine hardener
was added to the mixture followed by amalgamation
for 10 min, so that the nanocomposite with 1 wt.%
nanoparticles would come out.12–15

The epoxy–polyaniline composite/silica composite
formation sequences are exactly the same. The only
difference is that the polyaniline-containing
nanocomposite was used instead of nanosilica.
Subsequently, the mixture was exposed to air for
trapped bubbles to completely escape, and also for
its viscosity to be slightly enhanced. Ultimately, a
30-lm layer was applied to the finished metal
surface using a film applicator. The obtained coat-
ing was initially heated in an oven at 55�C for 2 h to
reach the gelling point, followed by heating at 100�C
for 1 h to accomplish additional curing. Finally, the
coating was stored in ambient temperature for
1 week to ensure the completion of the curing
procedure. To perform electrochemical impedance
tests, a 1 9 1 cm2 profile of the coating was selected
and the rest of the metallic plate was caulked by a
scalded mixture of beeswax and colophony. How-
ever, an uncoated corner of the metal was left bare
to serve as an electrode connector. A 3.5 wt.% water
and salt solution was prepared in which the coat-
ings were immersed, and impedance test was per-
formed on the coating at regular
intervals.4,6,9,18,44,53–55

RESULTS AND DISCUSSION

The Field-Emission Scanning Electron
Microscopy Test (FESEM)

The scanning electron microscope functioning
mechanism scans the sample surface with a set of

high-energy electron beams to generate images.
Based on these images, information concerning
surface morphology, crystal structure of the parti-
cles, and the particle and crystal expansion and
growth direction can be extracted. Non-conductive
materials are usually covered with a layer of gold or
a gold alloy. In this way, the quality of the images
will be enhanced. For FE-SEM imaging, the sam-
ples should be free of moisture, organic solvents,
and grease layers. The test was performed using a
TESCAN-MIRA III FE-SEM (Czech Republic).
Since the samples were non-conductive, a gold
coating was applied. The results in scales of 2 lm,
1 lm, and 500 nm indicated that polyaniline is
formed along with the silica nanoparticles in a
diameter of approximately 150–200 nm. The results
obtained from the microscopic imaging indicated the
formation of polyaniline among silica nanoparticles.
The images in Fig. 1 demonstrate the morphology
and positioning of polyaniline around silica
nanoparticles.7,56–59

The Fourier-Transform Infrared Spectroscopy
Test (FT-IR)

In this study, this test was performed for each
sample using an ABB-Bomem MB-100 spectrome-
ter. FT-IR analysis was applied to characterize the
chemistry of the silica and PANI/silica. FT-IR
spectra were obtained in the range of 4000–400 cm
wavenumber via a KBr pellet method. Further, the
depicted absorbance bonds including the bending
vibration of NH2 (3173 cm�1), asymmetric vibra-
tion, and bending vibration of the Si-O-Si and Si-OH
network (1120 cm�1 and 614 cm�1) and Si-OH
(1073 cm�1) are shown in Fig. 2

5,23–25.
In addition, the appearance of a carbon–nitrogen

bond stretching at 1304 cm�1 can verify the cova-
lent bonding of polyaniline on the silica nanopar-
ticles through reaction with an epoxide ring
existing on the basal plane of SiO2. For salty-state
polyaniline, the peak witnessed in the range of
3350–3288 is related to asymmetric tensile bonding
of nitrogen–hydrogen. The absorption peak at 1680
is a vibrational tensile peak of carbon–carbon bond,
and the peak at 1557 is a tensile carbon–carbon
bond of aromatic ring. The peak present at 1460 is
related to a dual tensile bond of aromatic com-
pound carbons. The peak at 1282 is a secondary
tensile carbon–nitrogen bond of aromatic amines.
Therefore, it can be generally said that the
infrared spectrum and presence of peaks in range
of 3100–3400 are indicative of the presence of
hydroxyl bonds, and the presence of silica–oxygen
bonds and nitrogen–hydrogen bonds imply the
formation of polyaniline. Also, the peaks present
in range of 900–1300 demonstrate the presence of
bonds in the silica nanoparticles, which in turn
indicate the formation of the silica/polyaniline
nanocomposite. The results obtained from the
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spectrometer show nitrogen–hydrogen, carbon–ni-
trogen, and silica–hydrogen peaks at 3000 and
1300–1100, respectively. This proves that polyani-
line has formed a nanocomposite with silica
nanoparticles as an in situ polymerization.

X-ray Diffraction Spectroscopy Test (XRD)

In this study, the samples were characterized by
an XRD device, Mira 3—XML, TESCANCzech
Republic). The presence of a sharp peak at the
double of the theta angle around 20–25 indicates the

Fig. 1. Images of the field emission scanning electron microscope: (a1), (a3), and (a4) display the polyaniline/silica nanocomposite at the scale of
1 lm, (a2) displays the polyaniline/silica nanocomposite at the scale of 500 nm. (b1) displays the synthesized polyaniline at a scale of 1 lm, and
(b2) the synthesized polyaniline at a scale of 2 lm.
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formation of polyaniline, and the shift of the dia-
gram of the polyaniline–silica nanocomposite is
indicative of the presence of these nanoparticles
(Fig. 3). In order to analyze the crystalline struc-
tures, SiO2 and polyaniline/silica XRD analyses
were carried out. The identified SiO2 nanoparticles
and PANI/SiO2 nanocomposites are shown in Fig. 3
where the peak at 2h = 22.5 indicates that the PANI
has caused a shift in peak to 2h = 21.5, and created
a sharper peak than that from silica.6,26,27

UV–Vis Spectroscopy (UV–Vis)

A UV–Vis Spectrometer (T90+: PG Instruments)
was used to conduct this test. The electronic struc-
ture of polyaniline and polyaniline/silica nanocom-
posites can be studied through UV–vis analysis, as
shown in Fig. 4. According to the figure, it can be
seen that polyaniline and its composites have two

major peaks: one at 350 nm and the other at
640 nm. The former is related to a transition zone
within the benzenoid ring, and the latter is asso-
ciated with a polaron transition bond within the
quinoid ring. The polaron transition zone comes
into sight when a conducting form of polyaniline,
like its salty state, is present in a compound. The
presence of two p–p bond peaks around 350 and
others around 400 and 600 imply the formation of
polyaniline and its nanocomposite with silica
nanoparticles.

Thermogravimetric Analysis (TGA)

In order to evaluate the presence of functional
groups on the surface of PANI and PANI/SiO2, TGA
tests were performed using a Mettler Toledo TGA/
DSC device in a nitrogen-dominant atmosphere
with a heating rate of 10�C per min, from ambient

Fig. 2. Infrared test spectrum: (a) the red peak indicates polyaniline/silica nanocomposite, and (b) the green peak is for silica nanoparticles (Color
figure online).

Fig. 3. X-ray diffraction test: (a) the red peak indicates the
polyaniline/silica nanocomposite, and (b) the blue peak is related
to the silica nanoparticles (Color figure online).

Fig. 4. UV spectrum of polyaniline and polyaniline/silica
nanocomposite.
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temperature up to 600�C. TGA/DTG was employed
for this purpose. Figure 5 presents the TGA and
derivative TG (DTG) curves of PANI and PANI/
SiO2. As shown in Figs. 5 and 6, for PANI and PANI/
SiO2 samples at 100�C, the water in the samples has
been evaporated and about 8% weight of the sam-
ples is lost. By increasing the temperature of PANI/
SiO2, the existence of silica nanoparticles leads to a
lower percentage weight reduction than when only
PANI is used. Beyond 380�C, some SiO2 chemical
bonds were destroyed and the two samples became
similar (Fig. 5).22,25–27

The first degradation is probably due to moisture,
aniline monomer, or phosphoric acid dopants. The
second weight loss is related to degradation of the
polymer chains. Regarding DTG analysis and stud-
ies in this field, it may be perceived that the peak
present in the temperature range of 100–300�C is
related to heat degradation of the amine groups.
Additionally, the peak present at 327�C is related to
the amide groups.19,21,25

Inductively Coupled Plasma Emission Test
(ICP)

Conducting polymers like PANI are used on
metals such as aluminum alloys and mild steel. In
order to determine the weight fraction of elements
in the alloy of the helicopter exterior body, and to
determine its appropriate coating, ICP analysis was
carried out by 70 elements using an ICP-OES 730-
ES, Varian device. The results indicate that the
helicopter body consists of 98% aluminum, 0.66%
magnesium, 0.46% iron, 0.31% chromium, etc. The
results are presented in Table I.3,28,29

Electrochemical Impedance Spectroscopy
(EIS)

The Corr Test CS350 was used to perform the EIS
test. A frequency range of 0.1–10,000 Hz was
selected to measure the electrochemical impedance,
and a Bode diagram was used to inspect corrosion
resistance. In the Bode diagram, the absolute values
of the impedance and the phase angle of the system
are drawn in a logarithmic scale in terms of the
frequency. Three working, reference, and auxiliary
electrodes were used in the electrochemical cell, and
Zview software was used to compare equivalent
diagrams. Using the Bode diagram, three coatings
were derived including pure epoxy, epoxy–nanosil-
ica, and epoxy–polyaniline/silica nanocomposite,
shown, respectively, in Supplementary Figs. S.1, 2,
3. As pointed out earlier, the impedance rate is our
measurement criteria in frequencies as low as
0.1 Hz. According to Supplementary Fig. S.1, the
impedance rate of the coating at 0.1 Hz frequency is
observed as being in a higher to lower rate sequence
for pure epoxy. However, for the nano-silica epoxy
sample, the impedance rate drops with time. The
decline of the constant impedance rate with time, as
seen for this sample, indicates that the corrosion
inhibitor has failed to sufficiently become released
out of the nanoparticles, or its concentration in the
electrolyte solution has not been high enough to
form a protective film on the metallic surface and
subsequently increase the impedance rate. How-
ever, after the inhibitor is released in self-healing
systems, the electrochemical resistance increases
with time.

The capabilities of SiO2 and PANI/SiO2 nanopar-
ticles, which are added into epoxy resin, were
manifested by EIS measurements on non-defected
samples. For this purpose, three samples were
prepared, and the results of these samples are
compared for various immersion times (5 days,
18 days, 43 days, 57 days, 71 days, and 85 days).
Impedance in the lowest frequency (|Z| 10 m Hz),
is attributed to the aluminum samples exposed to
3.5% NaCl solutions, neat epoxy, epoxy/SiO2, and
epoxy/PANI/SiO2. Overall, the nanocomposite coat-
ings containing SiO2 and SiO2/ PANI nanoparticles
showed the highest resistance against corrosive

Fig. 5. Thermogravimetric analysis and weight loss of polyaniline/
silica nanocomposite by increasing the temperature.

Fig. 6. Thermogravimetric analysis and weight loss rate for (a)
polyaniline and (b) silica nanocomposite in terms of 1/�C.
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agents with respect to neat epoxy (see supplemen-
tary Figs. S.1, 2, 3).

Salt Spray Test

To examine the electrochemical application of the
samples, the coated plates were exposed to a saline
fog chamber and, subsequently, a salt spray test
was conducted on the nanocomposite coating with
the results reported up to 10 days (Supplementary
Fig. S.4). With increasing exposure time, a higher
portion of corrosion products was generated around
the scribed region, exhibiting the corrosive species
diffusion into the interface of the aluminum coating
and the electrochemical reactions occurring beneath
the epoxy coating. The salt spray test results prove
that the coating reinforced by SiO2/PANI nanopar-
ticles exhibited a better corrosion protection perfor-
mance against the salt spray test conditions with
less coating delamination, rust, and
blistering.14,15,32,36

In order to evaluate the functionality of the
coatings, samples with an area of 8 9 10 were
exposed to spraying a 5 wt.% salt solution. The
images taken from samples indicate that the scratch
created in the sample with the epoxy and SiO2/
PANI nanocomposite was far less than that in
samples with epoxy and epoxy/SiO2. After perform-
ing the salt spray analysis, the results were
matched with the electrochemical impedance test
(see supplementary Fig. S.4).

CONCLUSION

The characterization of SiO2 and SiO2/PANI
nanoparticles was carried out by FT-IR, UV–vis,
XRD, TGA, and finally FE-SEM analysis. The
results clearly showed that the polymerization was
significantly carried out around SiO2 nanoparticles.
The synthesized nanoparticles were incorporated
into the epoxy coating, and then common electro-
chemical analyses, such as EIS and a salt spray test,
were conducted to uncover the effect of the SiO2

nanoparticles on the capacity of the sample of the
anticorrosive agent. The outcome has exactly shown
that the addition of the SiO2 and SiO2/PANI

nanoparticles to the epoxy coating directly affected
the anticorrosion properties of the coating in the
intact samples. Overall, the results of this research
demonstrated that synthesis of polyaniline
nanocomposites and silica nanoparticles has been
performed perfectly. Moreover, the ICP test indi-
cates the precise weight percentage of elements
contained in the alloy used for helicopter structures.
Using this information and other existing sources,
and according to the EIS test and salt spray test
results, it is concluded that incorporating polyani-
line/silica nanocomposites into the samples
improves the self-healing properties of epoxy resin,
which in turn reduces corrosion in alloys used in
helicopter structures.

FUNDING

That there are no funding sources for this re-
search.

DATA AVAILABILITY

All data reported in this research are available
upon request to the corresponding author.

CONFLICT OF INTEREST

On behalf of all the authors, the corresponding
author states that there is no conflict of interest.

SUPPLEMENTARY INFORMATION

The online version contains supplementary
material available at https://doi.org/10.1007/s11837-
021-04565-6.

REFERENCES

1. C.M. Correa, R. Faez, M.A. Bizeto, and F.F. Camilo, RSC
Adv. 2, 3088 (2012).

2. M. Izadi, T. Shahrabi, I. Mohammadi, B. Ramezanzadeh,
and A. Fateh, Compos. Part B Eng. 171, 96 (2019).

3. S. de Souza, S. de Souza, Surf. Coat. Technol. 201, 7574
(2007).

Table I. Weight percentage combination of the elements of the exterior helicopter body alloy, according to
the inductively-coupled plasma spectroscopy

Element Weight fraction % Element Weight fraction %

Al 98 Ti 0.02
Mg 0.66 K 0.02
Fe 0.46 S 0.0095
Cr 0.31 Ga 0.007
Cu 0.22 Ni 0.0054
Sr 0.11 B 0.0038
Zn 0.1 Zr 0.0036
Mn 0.073 Ba 0.0026
Si 0.044 Cd 0.00047
Ca 0.043

Mokhtari, Simiari, and Imani1124

https://doi.org/10.1007/s11837-021-04565-6
https://doi.org/10.1007/s11837-021-04565-6


4. S.A. Haddadi, M. Mahdavian, and E. Karimi, RSC Adv. 5,
28769 (2015).

5. T. Rabizadeh, and S.R. Allahkaram, Mater. Des. 32, 133
(2011).

6. M.L. Zheludkevich, J. Tedim, and M.G.S. Ferreira, Elec-
trochim. Acta. 60, 31 (2012).

7. S.A. Kumar, H. Bhandari, C. Sharma, F. Khatoon, and S.K.
Dhawan, Polym. Int. 62, 1192 (2013).

8. M.J. Palimi, M. Rostami, M. Mahdavian, and B. Ramezan-
zadeh, J. Coat. Technol. Res. 12, 277 (2015).

9. J.I.I. Laco, F.C. Villota, and F.L. Mestres, Prog. Org. Coat.
52, 151 (2005).

10. B. Rossenbeck, P. Ebbinghaus, M. Stratmann, and G.
Grundmeier, Corros. Sci. 48, 3703 (2006).

11. S. Sadreddini, and A. Afshar, Appl. Surf. Sci. 303, 125
(2014).

12. M.A. Ahmed, M.F. Abdel-Messih, and E.H. Ismail, J. Mater.
Sci. Mater. Electron. 31, 19118 (2019).

13. T. Kosec, A. Legat, J. Kovač, and D. Klobčar, Coatings 9,
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