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ABSTRACT

Paint coatings are commonly used to protect industrial components, but their influence on acoustic behaviour is still
not fully understood. The aim of this study was to quantify how the type of paint and the number of coating layers
affect the sound absorption of metal, expanded polystyrene (EPS), and extruded polystyrene (XPS) samples. Normal-
incidence sound absorption coefficients were measured in an impedance tube over the 100-5700 Hz frequency range
for uncoated samples and for the samples coated with ceramic paint and water-based acrylic lacquer in one- and two-
layer configurations. For metal substrates, applying two layers of ceramic paint resulted in the main resonance being
observed to move from about 3.8 kHz to around 3.0 kHz and reduced the peak absorption coefficient from ~0.87
to ~0.60, indicating a clear mass-induced tuning of the resonance frequency. In the XPS and EPS samples, coatings
generally broadened and flattened the absorption curves, while slightly reducing the maximum absorption. For XPS,
results were averaged over 17 samples to reduce the effect of material heterogeneity, and measurement uncertainty
was evaluated according to ISO 10534-2. Microscopic observations confirmed that the coatings smooth the surface
and partially close open pores; combined with the increased surface mass, this modifies the resonance behaviour of
the samples. The results demonstrate that paint coatings can influence the resonance frequency and bandwidth of
sound absorption in lightweight structures, which may be exploited in future studies on the passive acoustic tuning
of materials. The work was limited to normal-incidence tube measurements and did not include direct thickness mea-
surements or detailed resonance modelling, which will be addressed in further research.

INTRODUCTION

and provide effective cleaning of the surface.
Their mechanical, chemical and microstructural

Paint coatings constitute an essential com-
ponent of numerous industrial and engineering
applications, providing protection against corro-
sion, UV radiation, mechanical wear and other
environmental factors [2-5], including light-
weight components of pneumatic rehabilitation
devices and training systems designed for long-
term human stays in space [6-9]. In modern sur-
face engineering, proper preparation of the sur-
face layer of construction materials is extremely
important [10]. Among the many surface prepa-
ration methods, environmentally friendly tech-
niques can be used, such as ozonation [11], which
do not adversely affect the natural environment
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properties, such as adhesion, flexibility, resis-
tance to micro-cracking and stability under envi-
ronmental exposure, have been extensively docu-
mented [3-4,12].

Several studies have also highlighted the influ-
ence of mechanical vibrations on the degradation
or functional performance of coatings, as well as
the potential of certain coating layers to modify the
vibration responses of structural components [13—
15]. Furthermore, the global stiffness of composite
structures can be controlled using shape memory
alloys (SMA), which, in addition to paint coatings,
provide another means of tailoring the vibration
characteristics of lightweight components [16].
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In contrast, significantly less attention has
been devoted to understanding how thin paint
coatings affect the acoustic behaviour of struc-
tural materials, particularly lightweight, porous
or thin-walled elements. Such effects are particu-
larly relevant in architectural and building acous-
tics, where even moderate changes in surface
absorption can influence reverberation time and
acoustic comfort in enclosed spaces [17]. Clas-
sical acoustic theory indicates that thin layers,
typically below a millimetre, cannot substantially
improve airborne sound insulation of massive
partitions due to the mass law [18—19]. However,
even thin coatings can modify surface mass, local
stiffness or surface impedance, which are key
parameters governing resonance-based sound
absorption in lightweight systems [20-21]. Simi-
lar relationships are observed in structural joints,
where small geometric modifications lead to
noticeable changes in stiffness and stress distribu-
tion, as demonstrated, among others, in the stud-
ies on riveted joints [22-26]. Modern studies on
resonant absorbers and micro-engineered acous-
tic surfaces show that small variations in surface
mass or stiffness may shift resonance frequencies
and influence absorption spectra [21,27]. The
effect of surface treatments has also been inves-
tigated in porous materials, where sound absorp-
tion strongly depends on open porosity and air-
flow resistivity. Thin surface films may partially
close pores, reduce effective porosity and conse-
quently decrease sound absorption [28-29]. This
effect is particularly relevant for the materials
with small or closed pores, such as extruded or
expanded polystyrene, where even minimal sur-
face sealing alters acoustic impedance [27,30].
Similar sensitivity of resonance behaviour to
microstructural variations has also been reported
in foamed polymer panels, where both modelling
and experiments show that surface modifications
can significantly affect the absorption spectrum
[31]. Although early work by Chrissler (NBS,
1940) [28] reported that painting can change
the sound absorption of porous materials, mod-
ern coating systems, such as ceramic paints or
acrylic lacquers, have not been systematically
examined, especially across different classes of
substrates (rigid, porous-closed, and lightweight
plates). Despite increasing interest in surface-
dependent acoustic phenomena, a clear research
gap remains regarding the systematic evaluation
of how thin paint coatings alter the normal-inci-
dence sound absorption in materials with different

microstructures. Little is known about the quan-
titative effect of coating type or number of layers
on resonance frequency shifts or on the shape of
absorption curves. Furthermore, the interaction
between microstructural surface modifications
and resonance-driven absorption has not been
fully characterised. The present study bridged
this gap by analysing how ceramic and acrylic
coatings, applied in one- and two-layer configura-
tions, modify the acoustic response of metal, EPS
and XPS samples. The study combined imped-
ance-tube measurements with microscopic sur-
face characterisation to examine the relationship
between coating-induced surface changes and the
resulting sound absorption behaviour. The find-
ings contribute to the broader understanding of
how thin coatings influence the acoustic proper-
ties of lightweight and porous construction mate-
rials and may support future developments in pas-
sive acoustic tuning.

Mechanical and vibroacoustic properties of
coatings

Paint coatings are primarily used to pro-
tect substrates against corrosion, moisture, UV
radiation and mechanical wear [2-5]. Their per-
formance is governed by mechanical proper-
ties, such as adhesion, hardness, flexibility and
resistance to micro-cracking, which determine
the long-term stability of the coating when
exposed to environmental or vibrational loading
[3—4,12,14—15]. Vibrations can degrade coatings
over time, while coatings themselves may slight-
ly modify the dynamic response of thin structural
elements by adding surface mass or changing
local stiffness [13—14] and similar sensitivity to
cyclic loading has been reported for polyurethane
sealing elements in pneumatic actuators [32].
From an acoustics perspective, thin paint layers
do not significantly improve the airborne sound
insulation of massive partitions due to the mass
law [18—19]. However, for lightweight plates and
porous materials, even small changes in surface
mass or surface morphology can influence the
resonance-based sound absorption mechanisms
[20-21,27]. In thin plates, an additional surface
layer alters the effective mass—spring behaviour
and may shift the resonance frequency. In porous
materials, coatings may partially seal surface
pores, reduce effective porosity and modify the
surface impedance, which affects the shape of the
absorption spectrum [29-30].
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The acoustic influence of coatings is therefore
not related to bulk insulation, but to local modi-
fications of mass distribution, stiffness and pore
accessibility. Modern studies show that ceramic,
polymer or composite coatings can slightly tune
the acoustic response of lightweight materials by
altering surface mass and microstructural bound-
ary conditions [27,30]. These mechanisms pro-
vide the physical motivation for examining how
different coatings and application thicknesses
affect the sound absorption of metal, EPS and
XPS materials.

Acoustic effects of thin paint coatings

Although paint coatings are primarily
designed to protect substrates and improve their
durability, the addition of a thin surface layer
may influence the acoustic behaviour of light-
weight plates and porous materials. Unlike mas-
sive building partitions, where thin coatings do
not produce any meaningful increase in airborne
sound insulation due to the mass law [18-19],
lightweight structures are more sensitive to small
changes in surface mass, stiffness and surface
impedance. For thin plates, a coating increases
the effective surface mass and may modify local
stiffness. These changes alter the mass—spring
behaviour of the plate and can lead to measur-
able shifts in the resonance frequency, typically
toward lower frequencies when additional mass
is introduced [20-21]. Such resonance shifts
may affect both the peak value and the effective
bandwidth of sound absorption, depending on
the coating mass and its distribution. In porous
materials, such as EPS or XPS, the mechanism is
different. Paint coatings may partially seal sur-
face pores, reduce effective porosity and mod-
ify airflow resistivity, thereby altering acoustic
impedance at the surface boundary [27,29-30].
Even small degrees of pore closure can influ-
ence the absorption curve, particularly at mid
and high frequencies where surface effects are
dominant. Early work by Chrissler [28] demon-
strated that paint coatings can modify the acous-
tic behaviour of porous absorbers, while more
recent studies report frequency shifts or reduced
absorption when surface films limit pore acces-
sibility or alter the microstructure of the bound-
ary layer [29-30]. Despite these observations,
the available research remains limited, and sys-
tematic comparisons between different coating
types and application thicknesses are scarce. In
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particular, little is known about the vibroacous-
tic influence of modern ceramic paints or water-
based acrylic coatings applied to the materials
with markedly different microstructures, such
as metals, expanded polystyrene and extruded
polystyrene. The present study bridged this gap
by examining how thin paint coatings modify
the normal-incidence sound absorption coef-
ficient of selected construction materials. The
analysis focused on resonance shifts in metal
plates and on porosity-related effects in EPS and
XPS samples.

CHARACTERISATION OF MEASUREMENT
COATINGS

Samples of three types of materials were pre-
pared for the study: a steel plate, extruded poly-
styrene (XPS), and expanded polystyrene (EPS).
From each material, specimens with a diameter
of 34.25 mm (Figure 1) were cut to match the
inner diameter of the impedance tube measure-
ment chamber (Figure 2). The surfaces of the
samples were coated with two types of paint coat-
ings: a stain-resistant ceramic interior paint and a
water-based acrylic lacquer. For the steel plates,
additional industrial coatings were also applied,
including a synthetic rubber protective coating,
a primer-enamel for metal, and an automotive
metallic lacquer. Each coating was applied in one
or two layers using a flat brush, with care taken
to achieve a repeatable film thickness. Due to the
lack of sufficiently precise non-destructive meth-
ods for directly measuring the coating thickness,
the added mass — determined as the difference
between the mass of the uncoated sample and
the mass after applying one or two layers — was
used as the characteristic parameter describing
the coating layer. In the case of the XPS material,
considerable variability was observed between
individual samples due to the heterogeneous
microstructure of the material. To obtain repre-
sentative values, a total of 17 XPS samples were
prepared (8 coated with ceramic paint and 9 coat-
ed with acrylic lacquer), and the values presented
correspond to their arithmetic means. A summary
of the prepared samples, including their mass
before and after coating application, is presented
in Table 1. The mass of each sample was deter-
mined using a calibrated GH-300 analytical bal-
ance (A&D Company, Japan) with a readability
of 0.1 mg (0.0001 g).



Advances in Science and Technology Research Journal 2026, 20(5), 130-142

Table 1. Description of measurement samples

Sample Substrate material . Weight before Weight one layer of | Weight two layer of
ID (n — number of Paints applying the paint [g] aint [g] aint [g]
specimens) pplying p 9 p ¢} p g
Synthetic rubber
1 Metal plate (n=1) protective coating 3.7793 0.0351 0.0669
(red)
9 Meital plate Primer-enamel for . 3.8026 0.1955 0.4679
(n=1) metal surfaces (white)
3 M(ital plate Metallic car paint 3.7794 0.1246 0.2192
(n=1) (gold)
Extruded polystyrene | Stain-resistant 0.4105 0.1687 0.2457
4 (XPS) (n=8) ceramic paint for (average) (average) (average)
interiors (white)
5 Extruded polystyrene | Water-based acrylic 0.4108 0.0859 0.1361
(XPS) (n=9) lacquer (clear) (average) (average) (average)
Stain-resistant
6 Polystyrene (n=1) ceramic paint for 0.5151 0.417 0.6064
interiors (white)
_ Water-based acrylic
7 Polystyrene (n=1) 0.4655 0.1458 0.233
lacquer (clear)
The samples are shown in Figure 1. After  c) amplifier (5),

preparation, they were placed in the measurement
chamber of the impedance tube and subjected to
a series of measurements in accordance with the
ISO 10534-2 [1] procedure.

During mounting, care was taken to ensure
that the samples were in direct contact with the
tube termination, without leaving any air gap, as
such a gap could create a cavity resonance and
distort the measurement results.

DESCRIPTION OF THE MEASUREMENT
SETUP

The research device used for sound absorp-
tion analysis consisted of an impedance tube and
the necessary set of tools required to perform the
measurements. This set included structural ele-
ments, eclectronic devices, and a measurement
apparatus with a PC. The following equipment is
necessary for sound absorption testing:

a) impedance tube (Figure 2), featuring sections
with an internal diameter of 34.86 mm, com-
prising: the main tube from Mecanum Inc., se-
rial number 2444-408, equipped with a sound
source (speaker) and microphone holders as
shown in Figure 2 and labelled with symbol
(1), a rigid tube for placing samples for mea-
surement (3), an anechoic tube for phase cali-
bration of the measurements (2).

b) quarter-inch microphones, model PCB 378 A 14
from Mecanum Tube (4),

d) SCADAS data acquisition system (6),
e) PC with Simcenter Testlab software.

Additionally, various cables are required,

such as:

a) ethernet cable for connecting SCADAS to the
data acquisition computer,

b) cables connecting the amplifier to SCADAS
and the amplifier to the main tube,

c) cables connecting the microphones to SCA-
DAS [33].

Figure 1. Images of samples after applying the paint
coating
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The system conducts measurements in accor-
dance with specified standards, including PN-EN
ISO 10534-2:2003 [1],ASTM E1050 [34], ASTM
E-2611 (TL) [35], which regulate the measure-
ment procedures.

Before starting the measurements, the
device was assembled and configured, and
the microphones were set up accordingly. The
preparation process included phase calibration.
Two microphone positions were used to determine
the complex acoustic transfer function between the
measurement points, which is required for calculat-
ing the normal-incidence sound absorption coefficient
according to ISO 10534-2 [1]. This arrangement of
microphones allows for the measurement of a
frequency range from 100 Hz to 5700 Hz. This
arrangement of microphones allows for the mea-
surement of a frequency range from 100 Hz to
5700 Hz. In this setup, the distance between the
microphones is 29 mm.

Both microphones were connected to two
channels of the Simcenter SCADAS system. The
SCADAS DAC output is equipped with a BNC
adapter, which is converted to RCA to serve as
a connection to the amplifier. The output of the
amplifier is directed to the speaker input.

The test samples had a diameter of 34.25 mm.
Measurements were carried out in a rigid pipe
chamber. The choice of a rigid pipe ensures that
the acoustic conditions allow sound to be either
absorbed or reflected by the tested samples. A key
advantage of the rigid pipe is the piston mecha-
nism, which moves a small disc inside the pipe,
allowing samples of varying lengths to fit the pipe
dimensions, ensuring rigid boundary conditions.

The sample was placed inside the rigid pipe
chamber, ensuring that its surface was flush with
the connection between the rigid pipe and the
main pipe. A wide-band acoustic wave was emit-
ted through the loudspeaker mounted in the main
pipe, directed toward the sample. When a sound

wave strikes the surface of the sample perpendicu-
larly, part of the wave is absorbed or reflected by
the sample, while the remainder passes through
the successive layers of material and escapes. Dur-
ing the measurement, the microphones recorded
changes in acoustic pressure inside the pipe. On
the basis of the collected data, the sound absorp-
tion coefficient of the sample was determined [33].

TESTING THE SOUND ABSORPTION
COEFFICIENT OF COATING LAYERS

The sound absorption coefficient was mea-
sured at the test setup using an impedance tube.
A comprehensive summary of all test results was
compiled in the form of graphs and compari-
sons. The tests were carried out on the prepared
measurement samples, which were described in
the previous chapter. The first series of measure-
ments concerned the test samples with a backing
layer consisting of metal discs. Several measure-
ment series were conducted for each sample, with
a complete description and interpretation of the
results presented below, applicable to all graphs.
For each configuration (uncoated, one layer, two
layers), at least three repeated measurements were
performed, and the obtained spectra were aver-
aged to reduce random measurement uncertainty.

The first stage of the measurements consisted
in determining the mass of the substrate materi-
als, including three metal discs, two made of
XPS, and two made of polystyrene. Subsequent-
ly, the sound absorption coefficient as a function
of frequency was determined from the measured
acoustic transfer functions in an impedance tube,
in accordance with ISO 10534-2 [1]. The follow-
ing measurements were conducted in a similar
manner. However, in the second step, the first
coat of paint was applied to the sample substrate,

Figure 2. Research setup for measuring sound absorption [33]
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followed by subsequent coats of paint in subse-
quent steps. The mass of the samples was mea-
sured after each paint application to monitor the
changes related to the coating process.

ANALYSIS AND COMPARISON OF
RESULTS

Sound absorption coefficient tests were con-
ducted for the samples (Table 1). The results are
presented in the form of graphs and comparisons.

Substrate material - metal plate

The following graphs (Figure 3) present the
sound absorption characteristics as a function
of frequency for samples 1-3 (Table 1) without
paint, with the first layer of paint, and with the
second layer of paint.

When analysing the graph (Figure 3), it can
be seen that the substrate material in each case has
very similar sound absorption characteristics. For
aresonance frequency of approximately 3800 Hz,
the absorption coefficient reaches a value close to
0.87. This unusually high peak value is associ-
ated with a pronounced panel-type resonance of
the thin steel disc backed by a rigid termination,
which temporarily increases the effective energy
dissipation at this frequency.

In the case of a metal plate covered with a
synthetic rubber protective coating (Figure 3a),
the main resonance peak was observed close to
3000 Hz. After applying the protective coating,
the absorption characteristic was maintained
or slightly decreased, while the main resonance
peak was observed at lower frequencies.

The graph (Figure 3b) illustrates the sound
absorption coefficient as a function of frequency
for a metal disc coated with primer-enamel for
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metal surfaces (white). The sound absorption
curve shows characteristic resonances at higher
frequencies, typical of uncoated metal surfaces.
After applying the first layer of primer-enamel,
the main resonance peak was observed close to
2300 Hz, with a slight decrease in the maximum
absorption coefficient to 0.8. After applying the
second layer, the main resonance peak occurred
at approximately 2000 Hz.

The enamel primer layer covered minimal
surface defects and created a smooth surface
for sound wave reflection, owing to which the
absorption coefficient decreased to 0.6.

For the metal disc uncovered with metallic
car paint (Figure 3c), the addition of paint lay-
ers resulted in the main resonance peak being
observed around 2300 Hz, similarly to the first
primer-enamel layer. Similarly to the metal plate
with a synthetic rubber protective coating, the
absorption characteristic decreased slightly to a
value of 0.82, while the main resonance shifted
towards lower frequencies.

Substrate material - extruded polystyrene

The initial tests of samples with an extruded
polystyrene (XPS) substrate revealed significant
discrepancies in the measured values of the sound
absorption coefficient. These inconsistencies
were attributed to the highly heterogeneous inter-
nal structure of the material, which considerably
affected the acoustic characteristics of individ-
ual samples. In response to this observation, an
extended series of tests was conducted, involving
17 XPS samples coated with two types of paint:
water-based acrylic lacquer and stain-resistant
ceramic paint for interiors. Due to the consider-
able variability in the individual results, average
sound absorption coefficients were calculated
for each group of samples. Figure 4 presents the

) metal plate 3
— k¥
aner 1 lzper
Eu- == 2nd byer
H
%Dﬂ-
£
go_a-
G
1 ED.)'

e )
S, - hed 4
TSR R L

3000 5700 180 100 2000 000 2000 5000 5700
Frequecy (2]

Figure 3. Sound absorption coefficient for: (a) metal plate with synthetic rubber protective coating, (b) metal
plate with primer-enamel for metal surfaces, (c) metal plate with metallic car paint
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extruded polystyrene 4 (average)
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Figure 4. Average sound absorption coefficient for the XPS samples coated with stain-resistant ceramic paint:
uncoated substrate, one paint layer, and two paint layers. Values are averaged over 8 samples (n = 8) for each
configuration

averaged sound absorption characteristics for the
samples coated with stain-resistant ceramic paint:
uncoated XPS, XPS with one paint layer, and
XPS with two layers.

The absorption curve for the uncoated XPS
sample shows one resonance frequency around
3700 Hz, for which the absorption coefficient
reached a value of 0.85. The use of one or two lay-
ers of ceramic paint results in a reduction of the
damping properties in the main frequency range.
Pronounced differences between the samples
were observed in the 1500-3400 Hz range, where

extruded polystyrene 5 (average)

the absorption coefficient was higher compared
to the primary sample. The local increase in the
coefficient results from the main resonance peak
observed at lower frequencies. The absorption
curve becomes broader and flatter with respect to
the original sample, which in many applications
may be more desirable than a narrow resonance
peak. Therefore, the influence of the ceramic
coating on the sound absorption properties in a
narrow frequency range can be projected. Simi-
larly, Figure 5 shows the results for the samples
coated with water-based acrylic lacquer.

T
—— Arythmetic mean Clear

------ Arythmetic mean Layer 1

0.8 — =+ Arythmetic mean Layer 2

0.6

0.4

Sound absorption coefficient [a]

0.2

_/
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100 1000 2000

3000 4000 5000 5700
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Figure 5. Average sound absorption coefficient for the extruded polystyrene (XPS) samples coated with water-
based acrylic lacquer: uncoated substrate, one paint layer, and two paint layers. Values are averaged over 9
samples (n = 9) for each configuration
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Figure 5 presents a comparison of averaged
sound absorption characteristics for extruded
polystyrene (XPS) samples in three configura-
tions: uncoated, coated with one layer of water-
based acrylic lacquer and coated with two layers
of the same paint. For the uncoated sample, the
absorption curve has a main resonance at 3700
Hz at which the absorption coefficient has a value
of 0.88. Both one and two layers of acrylic var-
nish result in the main resonance peak occur-
ring at lower frequencies. The sound absorption
characteristics after applying the first and second
coat of varnish retain their values, with a loss of
approximately 0.05. The difference between the
two coatings is minimal, indicating that both pro-
vide comparable attenuation over the entire fre-
quency range.

Substrate material - polystyrene

Figure 6 shows the sound absorption charac-
teristics as a function of frequency for samples 6
and 7 (Table 1), where the substrate is made of
expanded polystyrene (EPS). Similarly, the tests
were conducted for the bare substrate, followed by
the substrate with the first and second paint layers.

From Figure 6 it can be seen that the substrate
material in the two cases has very similar sound
absorption properties. For the first resonance fre-
quency around 2200 Hz the absorption coefficient
reaches a value close to 0.3. The next frequency
occurs at 5000 Hz and has a value close to 0.85.

In the case of a polystyrene plate cov-
ered with ceramic paint (white) (Figure 6a),
the main resonance peak was observed around
3700 Hz. After applying another layer, the reso-
nance peak occurred at approximately 3100 Hz.
The stain-resistant ceramic paint for interiors

polystyrene 1

— clear
-« 1llayer
== 2nd layer

° ° o
& [ -]

Sound absorption coefficient [a]
o
N

0.0

(white) reduces the maximum sound absorption
coefficient and moves the peak towards lower
frequencies.

This effect is more pronounced when two
layers of paint are applied, indicating greater
mechanical damping and a change in the reso-
nance of the material. The graphs clearly show
that the “clean” sample, without any paint coat-
ing, demonstrates the best absorptive properties,
achieving the highest attenuation coefficient.

In the case of the polystyrene plate covered
with acrylic varnish (Figure 6b), the main reso-
nance peak was observed around 4500 Hz. The
next layer of paint maintains this tendency, with
the main resonance peak occurring at approxi-
mately 4200 Hz.

The sound absorption coefficient is lower for
two layers of paint compared to one layer, sug-
gesting that multiple layers of paint are less effec-
tive at higher frequencies.

MICROSCOPIC EXAMINATION OF THE
FRONTAL SURFACE

The frontal surface examination was exam-
ined using a HAWK DUO workshop micro-
scope. The measurement accuracy of the Hawk
Duo optical measuring microscope used in the
study is specified by the manufacturer as 2 um
+ 4.5 pum per 1000mm (X-Y) at 100x magnifi-
cation, with Z-axis accuracy up to 10 um. The
tests were carried out on the prepared measure-
ment samples, which were described in the pre-
vious chapter. The first part of the measurements
involved examining different types of substrates
and their frontal surfaces. In the next part, the first
layer of paint was applied to the sample substrate

polystyrene 2
— clear

++ 1layer
== 2nd layer

o
©

Sound absorption coefficient [a]

Ceiiamerenatenenesnt

100 1000 2000 3000 4000
Frequecy [Hz)

5000 5700

100 1000 2000 3000 4000
Frequecy (Hz)

5000 5700

Figure 6. Sound absorption coefficient for: a) the polystyrene sample coated with stain-resistant ceramic paint
for interiors (white), b) the polystyrene sample coated with water-based acrylic lacquer
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b)

Figure 7. Frontal surface (a) sheet metal sample without paint coating, (b) sheet metal sample covered with
synthetic rubber protective coating

and the changes occurring on the surface of the
acoustic wave incidence were observed. Figure
7 shows the frontal surface of the steel sheet
sample in two conditions: without a paint coat-
ing and with a synthetic rubber protective coat-
ing. On the basis of the microscopic observations
conducted for the tested metal samples covered
with synthetic rubber protective coating paint,
clear differences in surface structure were found
depending on the application of the paint coat-
ing. Uncoated samples showed significant rough-
ness and irregularity of the surface topography,
which indicates the presence of micropores and
cavities. On the other hand, the samples covered
with paint were characterised by a more uniform
and smooth surface, which suggests that the paint
layer effectively fills microscopic irregularities.
The observed morphological changes have sig-
nificant acoustic consequences. The smoother
surface created by the paint coating may increase
the reflectivity of the sample at certain frequen-
cies, which is consistent with the observed
reduction in sound absorption in the impedance
tube measurements. The results indicate that the
paint coating not only affects the aesthetics and

a)

protection of the material, but also significantly
modifies its acoustic properties. After the analy-
sis of the samples coated with the synthetic rub-
ber protective layer, a second type of protective
coating was evaluated, namely the primer-enam-
el for metal surfaces, shown in Figure 8.

Figure 8 shows that the surface of the uncoated
sample shows clear scratches and directional abra-
sions, which are most likely the result of mechanical
processing. The surface structure is clearly rougher
and more irregular, with visible depressions and
micropores. This topography favors the absorption
of sound waves, because the surface irregularities
allow for the dispersion and attenuation of acous-
tic energy. The observations were reflected in the
results presented in the previous chapter.

In Figure 8, the microscopic image of the
primer-enamel for metal surfaces paint shows
a homogeneous surface with small and evenly
distributed surface defects. There are no obvi-
ous scratches or porosities that would indicate a
rough structure. The observed surface is relative-
ly smooth and devoid of deep faults or scratches.
This means that the paint coating has effective-
ly filled the micro unevenness of the substrate,

b)

Figure 8. Frontal surface (a) sheet metal sample without paint coating, (b) sheet metal sample covered with
primer-enamel for metal surfaces
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a)

b)

Figure 9. Frontal surface (a) sheet metal sample without metallic car paint, (b) sheet metal sample covered with
metallic car paint

creating a continuous and closed protective layer.
Next, a third type of protective coating was evalu-
ated, namely metallic car paint. Figure 9 shows
microscopic images of the frontal surface of the
steel sheet sample without this coating and with
the metallic paint applied.

Microscopic observations presented in Fig-
ures 7, 8 and 9 confirm significant differences
in surface morphology depending on the type of
paint coating applied. The surface of the sample
coated with metallic car paint (Figure 9b) shows
high homogeneity and a uniform structural distri-
bution, with no visible scratches or deeper dam-
age. Such a structure suggests effective filling of
micro-gaps and irregularities by the paint layer,
which results in smoothing the surface. In turn,
the sample without the paint coating (Figure
9a) is characterised by the presence of numer-
ous, deep scratches and a clearly marked direc-
tional texture, typical for surfaces subjected to
mechanical processing. Such irregularities favor
the dispersion of sound waves and increase the
absorption of acoustic energy. Thus, the obtained
images are consistent with the measured decrease
in sound absorption and suggest that the coating
may reduce the ability of the rough surface to

dissipate acoustic energy. For comparison, the
surfaces of the XPS samples coated with a water-
based acrylic lacquer and a stain-resistant ceram-
ic interior paint, as well as an uncoated sample,
were also analysed; their microscopic images
are shown in Figure 10. The microscopic imag-
es presented in Figure 10 illustrate the changes
in the surface structure of XPS depending on
the applied paint coating. Figures 10a and 10b
show the samples covered with paint, with Fig-
ure 10a showing numerous irregular light reflec-
tions suggesting the presence of a rough struc-
ture under a thin layer of paint. In Figure 10b,
on the other hand, the surface is much smoother
and more uniform, which may indicate a more
complete coverage of the material by the paint
in this version of the sample. For comparison,
Figure 10c shows the uncoated surface, which is
characterised by distinct graininess and irregu-
larity, characteristic of the porous structure of
XPS. The use of a paint coating therefore results
in a reduction of the visible porosity of the mate-
rial and partial or complete smoothing of its sur-
face, which may reduce the ability of the base
material to absorb sound. To assess the influence
of paint coatings on the surface of expanded

c)

Figure 10. Frontal surface (a) XPS covered with water-based acrylic lacquer, (b) XPS covered with stain-
resistant ceramic paint for interiors, (c) picture of XPS without cover
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c)

Figure 11. Frontal surface (a) polystyrene covered with water-based acrylic lacquer, (b) polystyrene covered
with stain-resistant ceramic paint for interiors, (c) polystyrene without paint coating

polystyrene (EPS), an additional series of sam-
ples was analysed, and their microscopic images
are presented in Figure 11. On the basis of the
microscopic analysis presented, differences in
the surface structure of the polystyrene covered
with a layer of varnish can be seen. In Figure 11a,
the surface of the polystyrene appears to be more
irregular and rough — there are visible thickenings
and unevenness resulting from the application
of the varnish. In contrast, Figure 11b shows a
smoother and more uniform surface, which sug-
gests a more even coating of varnish or greater
penetration of the smoothing agent. The smoother
the surface, the lower the sound absorption coef-
ficient, because sound waves tend to reflect off
smooth surfaces. In turn, the roughness visible in
Figure 11c promotes the dispersion and absorp-
tion of acoustic waves, which makes such a mate-
rial more effective in sound dampening.

CONCLUSIONS

In this study, the influence of paint coatings
on the sound absorption properties of selected
construction materials was experimentally evalu-
ated using the normal-incidence impedance tube
method in the 100-5700 Hz frequency range.
The results demonstrate that thin coatings can
modify the acoustic response of both metallic
and polymeric substrates by altering their reso-
nance behaviour and changing the effective mag-
nitude as well as bandwidth of sound absorption.
The extent of these changes depends on both
the coating type and the substrate material. For
metal discs, the applied coatings reduced the peak
absorption coefficient and resulted in the main
resonance peak occurring at lower frequencies.
The results suggest that, within a limited range,
the resonance characteristics of such lightweight
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structures may be adjusted by selecting an appro-
priate coating type and thickness.

Among the tested coatings, the samples with
ceramic paint exhibited a more pronounced change
in the frequency position of the main absorption
peak compared with those coated with acrylic
varnish. For polymeric materials (XPS and EPS),
the uncoated samples exhibited low absorption
efficiency, particularly at lower frequencies. The
application of coatings resulted in a shift of the
main resonance towards mid-frequency ranges,
together with a flattening of the absorption curve
at higher frequencies. In the case of XPS, acrylic
varnish maintained the absorption level while
shifting the resonance, whereas ceramic paint
introduced a more noticeable modification of the
absorption spectrum. These effects are consistent
with the added surface mass and the partial clo-
sure of surface pores observed in the microscopy
images. Overall, the findings indicate that paint
coatings can influence the acoustic properties of
lightweight materials by shifting their resonance
frequencies and slightly modifying the effective
bandwidth of sound absorption. Although the
effect is limited and strongly dependent on the
substrate as well as coating characteristics, the
results show that thin surface layers may act as
passive elements affecting the acoustic behaviour
of materials in the applications where lightweight
structures are used, such as construction, trans-
portation, or machine component design.
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