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Abstract

The sustainable development of the paint and varnish industry is a prerequisite for action to minimize the negative
environmental impact of paint products. They consist not only in reducing the emission of harmful VOC substances into the
atmosphere but also in modifying the composition of the paint material in order to improve the properties of the coatings and
at the same time reduce the amount of waste. Selection of the appropriate composition of the water-borne composition is still
a problem to be solved. Therefore, aqueous polymer dispersions of Arlberdingk AC 2514 containing an acrylic resin modified
with an ionic liquid of didecyldimethylammonium nitrate (DDANO;) were tested. Non-ionic surfactants (Rokanol L-10
and Rokacet S-24), polyurethane thickener (DSX 1514), and mineral thickener (bentonite) were also used for stabilization.
The influence of individual components on changes in the stability and particle size of dispersion systems was investigated.
Physicomechanical tests of coatings obtained from polymer dispersion systems were also performed. Studies have shown
that with the increase in the amount of DDANO; in the system, the particle size of the varnish composition decreases and the
gloss and relative hardness of the coatings decrease. The optimal amount of DDANO; in the dispersion is 1.5% w/w. DSX
1514 increased the stability, reduced the migration rate of the dispersion particles, and improved the elasticity and impact
resistance of the protective membranes. It has been shown that the stability varies depending on the type of thickener and
surfactant (SAA) used. SAA increases the value of the TSI (Turbiscan Stability Index), which takes the values of 3.8 (0.3 g
bentonite) and 3.6 (0.6 g bentonite), respectively, with Rokanol L-10 16% w/w. Water-soluble acrylic resin with the tested
additives can be potentially used for the production of stable dispersions with extended life.

Keywords Polymer water-based dispersion - Stability - Protective coatings

Introduction

In recent years, the paint and varnish industry has
significantly reduced the emission of volatile organic
compounds (VOCs) into the atmosphere. This has been
helped by existing legislation and the increasing awareness
of consumers about health and environmental risks. The
ecological alternative to solvent-based coatings has become
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dispersive hydroaqueous polymers (Yanbin et al. 2022;
Geurts et al. 2008). Among many water systems, acrylic
dispersions are widely available and popular systems that
meet different end-user requirements. They have low VOC
content, fast curing rates, and a good decorative effect.
Therefore, they are widely used in the field of anti-corrosive
metal coatings, in architectural coatings, or in wood painting
(Elrebii et al. 2014; Yan et al. 2022; Jiao et al. 2020).
However, due to a number of defects in acrylic resin such
as poor water resistance and low solids, it requires further
development toward high efficiency and multi-functionality.
For this purpose, resin modification agents are used (Jiao
et al. 2021). As auxiliary substances are used, inter alia, ionic
liquids. They belong to biologically active substances and at
the same time are environmentally safe. They are therefore
appropriate as wood protection measures (Kedzierski et al.
2020; Xue et al. 2015). In addition, their small particle size
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and charged character improve the colloidal stability in
aqueous and non-aqueous dispersion. This is an important
aspect when selecting the composition of the painting
system (Rozik et al. 2013; Saljooqi 2022). Surfactants and
thickeners are also used to increase the stability of polymer
dispersion (Akther et al. 2008). The nature and quantity of
the surfactant used is an important indicator of the behavior
of the system during polymerization, film formation, and
throughout the lifetime of the coating. The surfactant used to
stabilize the particles also affects the adhesion of the paint,
as it better wets the surface of the substrates (Wang et al.
2017; Butler et al. 2005). To understand the relationships
between the formulation and paint performance, a large
number of studies of latex coatings using thickeners and
surfactants have been carried (Larson et al. 2022; Bobsein
et al. 2010; Souza et al. 2017).

The simultaneous selection of any auxiliary agents
used to develop the composition of the polymer dispersion
is very difficult. The additives introduced into aqueous
acrylic dispersions significantly deteriorate the resistance
to water, temperature, and mechanical properties of the
system. The aim of this study was therefore to investigate
the effect of the ionic liquid, thickeners, and non-ionic
surfactants on the properties of the obtained coatings. The
mechanical and thermomechanical resistance of the tested
systems was determined, which influences the essential
functional properties of the coating. The influence
of additives on the stability of the polymer dispersion
was presented and the morphology of the system was
investigated by means of particle size analysis.

Experimental studies
Materials

To prepare water compositions, the following components
were used:

— distilled water,

— AC 2514 water-dilutable acrylic resin with a dry weight
within the range of 42-44%, viscosity 30-300 mPas,
pH 7-8, MTTF =316 K, and K&enig hardness =105 s,
produced by Alberdingk Boley,

— ionic liquid didecyldimethylammonium nitrate (V) p. a.,
(DDANOs), produced at the Delta Innovation and Imple-
mentation Company in Srem according to the method
developed at the Department of Chemical Technology
of the Poznan University of Technology,

— non-ionic surfactant, ethoxylated unsaturated fatty alco-
hol p. a., (Rokanol L-10) ethoxy number 10, molecu-
lar weight 626.86 g/mol (producer PCC Rokita Spétka
Akcyjna in Brzeg Dolny),
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— non-ionic surfactant, ethoxylated stearic acid p. a.,
(Rokacet S-24), ethoxylated number 24, molecu-
lar weight 1326 g/mol (producer PCC Rokita Spoétka
Akcyjna in Brzeg Dolny)

— polyurethane thickener DSX 1514 by IMCD Polska Sp.
Z00.

— inorganic thickener bentonite—mineral containing
72.1 wt.% Si0O,, 14.3 wt.% Al,05, 2.2 wt.% Na,0 + K, 0,
2 wt.% MgO, 1.7 wt.% Fe,O;, and other compounds
(Zaktady Goérniczo-Metalowe Zebiec, Polska).

Measurement methods
The principle of Turbiscan LAB measurement

Turbiscan LAB was employed to quantitatively and objec-
tively characterize the stability of dispersion system samples
without destruction, avoid the interference of subjective fac-
tors, and show the cause of instability (Manca et al. 2016).
The analyzed emulsion was placed in a cylindrical meas-
uring glass cell. The optical reading head scanned the length
of the sample (55 mm) acquiring backscattering data as a
function of the distance along the axis of the tube and time
(transmitted light was neglected because the emulsion is
opaque). Backscattered light (BS) and Turbiscan Stability
Index (TSI) are used to quantify the stability of samples. The
calculation method of this coefficient is as follows:

N
Z,-=1 (> _xm)2 (D

TSI =
N-1

where x; (i=1,..., N) is the mean backscattering, x,, is the
mean value of x;, and N is the number of scans. The smaller
the TSI value, the more stable the sample. Samples were
scanned first day, fourth (48 h) and after seven days (168 h)
in the case of systems with bentonite.

Particle size tests

The particle size testing was performed with a Fritsch
GmbH laser particle size analyzer using the “wet” method. It
consisted in introducing a certain amount of sample into the
device until the proper absorption of the stream was obtained.
The analyzer uses two lasers during the measurement. The
green laser is responsible for the measurement of very fine
particles, while the infrared laser is responsible for the
analysis of large particles. The prepared acrylic dispersion
of 2 cm® was introduced into the measuring cell, where it
was diluted with water. The dosing time was about 10 s, and
the whole measurement cycle was 2 min. The measurement
range from 0.08 to 2000 um, the pump 5, the absorption of the
stream 7%. The tests were repeated three times for each trial.
On the basis of the research, the curves of the particle size
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distribution were determined. The test results were interpreted
using the notions of Volume Mean Diameter D; (VMD and
the Sauter mean diameter D5, SMD, which is the equivalent
dimension of the particle set (Liu et al. 2017).

Dy = <n—1 z; di3>1/3
D3, = Z?=od?(2j=od?)_l

where 7 is the size of the set.
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Consistency tests

The test material was introduced into the measuring cell,
which was then placed in the Hoppler consistometer. A
load equal to 250 g was mounted on the top of the device.
After making sure that the micrometer dial was set to 0,
the silicone oil filling the thermostat was heated. As
the temperature increased, the sample deformed, which
resulted in the indenter falling. Each change was recorded
by the sensor, allowing the detection of deformations on the
micrometer dial to be within +0.01 mm. The experiment
was carried out in the temperature range from 293 to 390 K.

Sample preparation

In order to prepare the aqueous polymer dispersion systems,
appropriate amounts of DDANO;, Rokacet S-24 or Rokanol
L-10, have been introduced into 100-cm? acrylic dispersion
and appropriate amounts of DSX 1514 or bentonite. All was
dispersed for about 10 min using an IKA-ULTRA-TURRAX
T25 laboratory homogenizer with an S25N-18Gz type stirrer
at 1500 rpm. The compositions of selected acrylic dispersion
systems are presented in Tables 1 and 2. Immediately after
the dispersion was prepared and after 7 days of exposure,
the surface tension was tested using a Kruss du Nouy ten-
siometer balance.

Coating testing methodology

The obtained compositions were applied to metal and glass
substrates previously cleaned of corrosion products and
degreased, and then hardened at the temperature of 353 K.
The obtained coatings were subjected to physicochemi-
cal and physicomechanical tests. The films from the disper-
sion containing bentonite were subjected to consistometric
tests, and the coatings containing the ionic liquid applied on
the glass plates were subjected to water extraction at room
temperature for 24 h. Then, spectrophotometric tests of the

Table 1 Composition of

PEst N . Dispersion Thickener Quantity of Surface tension of fresh ~ Surface tension of the
selected acrylic dispersions with number quantity (g) DDANO; (% w/w) dispersion (mN/m) dispersion at equilibrium
DDANO; and 5% content of (mN/m)

Rokacet S-24

1 0 0.5 34 35

2 0 1.0 36 37

3 0 1.5 37 38

4 0 2.0 38 39

5 0.2 0.5 34 35

6 0.2 1.0 36 37

7 0.2 1.5 38 39

8 0.2 2.0 39 40
Table 2 ComP osi'tion O_f . Dispersion  Thickener Rokanol L-10 Surface tension of fresh ~ Surface tension of the
aqueous acrylic dlspersmr.ls with number quantity (g) quantity (% w/w)  dispersion (mN/m) dispersion at equilibrium
Rokanol L-10 and bentonite (mN/m)

9 0.3 34 36

10 0.3 8 35 36

11 0.3 12 34 37

12 0.3 16 35 36

13 0.6 38 39

14 0.6 37 37

15 0.6 12 36 38

16 0.6 16 36 37
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aqueous solutions were performed with the use of the Agi-
lent Technologies G1103A spectrophotometer.
The following properties were tested:

— softening point of varnish films using the Hoppler con-
sistometer (Zalewska and Grubecki 2017),

— thickness with the magnetic method according to PN-EN
ISO 2808,

— relative pendulum hardness of films on steel plates
according to PN-EN ISO 1522,

— adhesion to steel substrates—by making a grid of cuts
with a Peters circular knife according to PN-EN ISO
2409,

— scratch resistance of varnish films according to PN-EN
ISO 1518,

— gloss of coatings according to PN-EN ISO 2813.

Analysis of results and discussion
Test results for dispersion systems with ionic liquid
Particle stability and size studies

Modification of the dispersion composition changes the
stability of the acrylic dispersion itself. Mixing, diluting
incorrect dispersion of system components, or inadequate
selection of system components also contribute to the accel-
eration of the coalescing process.

From a number of prepared dispersion systems with var-
iable composition, differing in the amount of SAA, ionic
liquid, and the presence of a thickener, 8 exemplary dis-
persions were selected. All dispersions were slightly cream
colored and foamed upon homogenization. The surface

tension of the tested dispersions, right after their preparation,
increased with the amount of DDANO; and ranged from 34
to 39 mN/m. In the state of sedimentation equilibrium, the
surface tension slightly increased. The kinetics of instability
of systems containing different amounts of ionic liquid from
time are presented in Fig. 1. The change is expressed by the
TSI calculated from the light signal backscattered over the
whole height of the sample. Figure 2 shows the changes in
TSI depending on the amount of DDANOj in the dispersion
on the first and seventh day of storage. The increase in the
amount of DDANO; in the dispersion causes an increase in
TSI, which indicates changes in the stability of the samples.
During the test, an increase in backscatter due to an increase
in the concentration of the dispersed phase was visible in
the lower part of the vial. The most unstable system was
dispersion 2 and 6 containing 1% w/w ionic liquid, where
the particles were associated with their sedimentation. In the
remaining dispersions, it was found that the polyurethane
thickener caused slight changes in TSI over time, which
proves the high durability of these dispersion systems.

The particle migration rate parameter was also estab-
lished for dispersion to observe the kinetics of sedimenta-
tion (Fig. 3).

The particle migration rate increases after 7 days of
exposure for systems without thickening, which indicates
coagulation and sedimentation. After adding a polyurethane
thickener, a reduction in the rate of migration after 7 days
of exposure was observed in 1.5% and 2% of DDANO; dis-
persion which indicates a reduction in the coalescence and
sedimentation process.

Another research task was to determine the size of the
dispersion particles using a laser particle size analyzer
from Fritsch GmbH. The size of the dispersion particles
determines the parameters of coatings, such as gloss, water

—@— 1 day
—A— 7 days

Fig. 1 The destabilization factor
(TSI) of acrylic dispersions
containing DSX 1514 (0.2 g) 6 -
and appropriate amounts of
DDANO; depending on the
exposure time 5.5 A
5 4
2 45
4 4
35 4
3 T
0 0.5

1 1.5 2 2.5
DDANO;, % w/w
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Fig. 2 Effect of the ionic liquid
DDANO; and DSX 1514 (0.2 g) 6 1
content TSI values
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resistance, and physical and mechanical properties. It
depends primarily on the type of emulsifier used, but also
on the other components of the dispersion. An example of
the particle size distribution of the selected dispersion sys-
tem is shown in Fig. 4.

For the analyzed samples, the curves follow the Gauss
distribution. The course of the curves is symmetrical. The
slender shape of the graph indicates less dispersion around
the mean.

To interpret the results of the particle distribution, the
equivalent diameter D (3.0) volume mean diameter (VMD)
was used, using the concept of the equivalent sphere and
describing the dimension of a single non-spherical particle.
The equivalent dimension of the particle set was determined
using the Sauter D (3.2) Sauter mean diameter (SMD) see
Fig. 5.

The mean equivalent particle diameter (VMD) ranges
from 0.230 to 1.433 pm. It increases with the content of
DDANO; in the dispersion. The introduction of the polyu-
rethane thickener caused the particle diameter to increase
in all cases.

The Sauter particle size (SMD) also increases with
increasing ionic liquid in the system. The presence of the
polyurethane thickener increased the SMD value. In the case
of dispersion systems 7 and 8, the size of the set of particles
in the emulsion is similar and amounts to approximately
0.420 pm see Fig. 6.

The analysis of the data presented in Table 3 shows that
as the amount of ionic liquid in the dispersion increases,
its arithmetic mean particle size decreases from 99.33 to
84.46 um. The standard deviation informing about the scatter
of the results around the mean decreases with the increase
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Fig.4 The dependence of frequency on the particle size for the dispersion Arlberdingk AC 2514+ 1% w/w DDANO;+ 5% w/w Rokacet S-24
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of the amount of DDANO;. In dispersions containing also
a polyurethane thickener, the particle size of the dispersion
increased. However, as the amount of ionic liquid increases,
their size decreases. In these dispersions, the standard
deviation was approximately 40 um Table 3.

Physicomechanical tests of coatings

Films were made from the tested dispersions, which were
subjected to physicomechanical tests. The influence of the
amount of ionic liquid on the film formation process and the
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change of its properties was determined. Based on the tests,
it was found that all coatings have very good adhesion to the
substrate, amounting to 0 see Fig. 7.

Films containing DDANO; and Rokacet S-24 in their
composition have a higher value of relative hardness, which
is about 0.11 to 0.20. In the case of the dispersion with the
addition of a thickener, the hardness of the films was about
0.16. Only the coating with 2% w/w DDANO; has a lower
hardness of 0.14. These coatings have a gloss of 25 to 68
degrees, which decreases with the ionic liquid content in
the dispersion. The addition of a DSX 1514 increased the
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particle size tests of selected
acrylic dispersions Ds, 0.232
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flexibility of the coating. These films had a high impact
resistance of 36 to 45 cm, which increased with higher con-
centrations of DDANO;.

The coatings were also subjected to cold water extrac-
tion to determine the amount of eluted ionic liquid from the

film. After water extraction, the content of ionic liquid in the
extraction water was examined by spectroscopy. The concen-
tration of DDANO; in the water after extraction was read
from the determined standard curve. About 0.97% to 1.54%
of the DDANO; was found to leach from the coating. The
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leachability increases with the higher concentration of the
ionic liquid in the dispersion. The addition of a DSX1514
to the dispersion reduced the leachability to a maximum
of 0.61% for the system containing 1.5% of the DDANO;.
This proves the good compatibility of the dispersion compo-
nents and their binding during the coalescence and coating
process.

Test results for dispersion systems with an inorganic
thickener—bentonite

Stability studies

The systems containing bentonite were milky white. The
value of surface tension in all tested dispersions is similar

(Table 2). Slight changes in the values of individual quanti-
ties for fresh and equilibrium dispersion testify to its high
stability. This phenomenon is particularly advantageous in
the case of storage and warehousing of the finished product,
which is therefore distinguished by an extended shelf life. In
order to thoroughly investigate the stability of the obtained
dispersion systems, tests were performed using Turbiscan-
Lab. The TSI for the systems has been defined see Figs. 8
and 9.

The figures show that the addition of a surfactant
increases the value of the TSI index, which has values equal
to approximately 3.8 for the Rokanol L-10 content of 16%
(w/w) with 0.3 g of bentonite and 3.6 for the Rokanol L-10
content of 16% (w/w) with 0.6 g of bentonite. By follow-
ing the changes of the TSI index, it can be concluded that

Fig.8 Effect of Rokanol L-10
and bentonite (0.3 g) content 0,3 g bentonite H— 2% SAA
and storage on TSI values
3.9 4 —0— 8% SAA
3.8 1 —A— 12% SAA
3.7 4
—6—16% SAA
3.6 A
3.5 4
D 34 i
3.3 4
3.2 g
3.1 4
3 -
2.9 § . . ; .
0 50 100 150 200
time, h
Fig.9 Effect of Rokanol L-10
and bentonite (0.6 g) content 0,6 g bentonite —B— 2% SAA
and storage on TSI values
—o— 8% SAA
—A—12% SAA
—6—16% SAA
%
'_
200
time, h
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all dispersions analyzed show stability, which is confirmed
by slight differences in the values of the TSI index lower
than 0.4 (Manca et al. 2016). The increase in the surfactant
content causes a significant increase in the TSI value. This
regularity occurs regardless of the amount of thickener in the
system. It should be noted that the analysis of the TSI indica-
tor is not always sufficient to recognize the system as stable.

Comparing the BS characteristics presented in Figs. 10
and 11, respectively, for 2% Rokanol L-10 and bentonite
content of 0.3 and 0.9 g, it can be concluded that in both
cases, with too short exposure times, the system was less
stable (curves from 1 to 8) showing higher BS values of
about 50% for a content of 2% (w/w) SAA and 0.3 g of
bentonite, and from about 29% to 33% for a content of 2%
SAA and 0.6 g of bentonite. Scanning samples after a longer
time, after 4 and 7 days, respectively, causes a change in BS
characteristics, as evidenced by the reduction of BS intensity
to a value from 37 to 40% for a bentonite content of 0.3 g
and from 19 to 22% (curves 3-6), for a bentonite content of
0.6 g. Similar dependencies were observed for the remaining
systems during the cyclic scanning of the sample.

The same course of the curves confirms the uniform dis-
tribution of particles over the entire height of the measuring
cell and is a consequence of the accumulation of surfactant
on the interface surface, as a result of which micelles are
formed that increase the stability of the system. However, it
should be observed that the addition of a thickener causes an

increase in the BS intensity in the lower part of the measur-
ing cell, which is most likely the result of emulsion delami-
nation due to sedimentation. The decrease in BS in the upper
part of the vial is associated with a decrease in concentra-
tion, followed by clarification.

Therefore, it should be noted that destabilization pro-
cesses occurred in all systems, as evidenced by the formation
of a small layer of sediment at the bottom of the measuring
cell. However, it can be concluded from the course of the
curves that the systems stabilized over time.

Consistometric studies

Consistometric tests allowed to observe the behavior of the
films under the conditions of increasing temperature with
constant load. The result of the measurements was the deter-
mination of the softening and flow temperatures of the tested
materials (Table 4).

By analyzing the results of thermomechanical tests, it
can be concluded that the addition of an inorganic thickener
has a significant impact on the course of the deformation
curve. In practical applications, where significant resistance
of coatings to mechanical damage is required, it is necessary
to optimally select individual components of the varnish
composition.

The obtained curves (Figs. 12 and 13) show that all com-
positions tested in the temperature range from 289 to 329 K

Fig. 10 Backscattered light 30
intensity as a function of the
height of a measuring cell and
timge \:vith a constant %hickener p J
quantity, 0.3 g, 2% Rokanol 25 -
L-10
=
< 204
=
b
- 1 0:00:00:00
g 15 2 0:00:02:00
= 3 0:00:04:00
2 4 0:00:06:00
E e 5 0:00:08:00
6 0:00:10:00
5 ) 7 4:00:00:00
8 7:00:00:00
0 T T T T T T T T T T T T
0 5 10 15 20 25 30 35 40 45 50 55

Height of the measuring cell, mm
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Fig. 11 Backscattered light 30
intensity as a function of the
height of a measuring cell and
time with a constant thickener o~ "
quantity, 0.6 g, 2% Rokanol 75 —
L-10
X
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=
2
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Height of the measuring cell, mm
TabI(-?1 4 The .rcsults of Cs. (% mas.) Ts (K) Tp (K) AT (K) Film characteristics
consistometric tests with the
characteristics of the film from 0 g bentonite
the composition Alberdingk AC .
2514, Rokanol L-10, bentonite 0 343 371 28 Flexible, transparent
0.3 g bentonite
2 338 366 28 Flexible, rougget, transparent
8 338 358 20 Slightly elastic rugget, milky
color
12 336 364 28 Brittle, hard, matt,
16 333 355 22 Brittle, hard, matt
0.6 g bentonite
2 333 368 35 Flexible, smooth, milky
color,
8 329 357 28 Brittle, inflexible, smooth,
milky,
12 338 358 20 Brittle, hard, matt,
16 333 359 26 Brittle, hard, matt

Ts, softening point; Tp, pour point; AT, range of temperature

were characterized by good thermomechanical stability.
When it is exceeded, the coatings clearly lose their thermo-
mechanical stability, which is manifested by an increase in
the value of deformation with temperature.

The initial stability is explained by the difficult flow
of polymer segments in the films, which slows down the
destruction of internal bonds and leads to an increase in
its crystallinity. The described behavior of the coatings is
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observed only up to the temperature of approximately 329 K.
This is followed by an increase in deformation, which is
stabilized slightly at temperatures close to the final value of
the test range (365-370 K).

It should be noted that the addition of bentonite in the
amount of 0.3 and 0.6 g causes a faster increase in deforma-
tion in the lower temperature range, compared to the film
without the thickener. The increase in the SAA content in
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Fig.12 Temperature depend- 1 -
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Fig. 13 Temperature depend-
ency of deformation for differ-
ent Rokanol L-10 contents in
the composition, with a constant 1.3 4
thickener quantity, 0.6 g

deformation, mm
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the system is conducive to increasing the deformation incre-
ment. For the value of 2% in the case of 0.3 g of bentonite
and 16% for 0.6 g of bentonite, its positive effect is notice-
able. The course of the deformation curve for these sys-
tems is very similar to the course of the curve for the AC
2514 lacquer resin itself. The faster increase in deformation
is caused by the destruction of intermolecular bonds. It is
therefore noted that the amount of thickener and surfactant
have a beneficial effect on the thermomechanical properties
of the system.
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Physicomechanical studies

An important element of the research discussed was to ana-
lyze the changes in the basic properties of the formed coat-
ings depending on the amount of surfactant and thickener.
The results of the physicomechanical tests are presented in
Table 5 and shown in Figs. 14 and 15.

As the amount of densities (bentonite) in the water dis-
persion increases, the number of pendulum oscillation
increases.
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Table 5 Summary of the results

. . Sample no 9 10 11 12 13 14 15 16
of the physical-mechanical tests
on coatings Adhesion 0 1 2 2 1-2 1-2 1-2 1-2
Gloss 25 24 24 23 22 21 20 20
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ness as a function of thickener
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As a result, the relative hardness of the varnish coat
increases, with a maximum of 0.27 with the thickener con-
tent of 0.6 g and the mass SAA content 16% in dispersion
(Fig. 14).

The positive effect of the added thickener quantity is also
noted in the case of the resistance of the paint coating to
scratches, expressed in the size of the load on the stylus,
which is an essential element of the test bench in this respect
(Fig. 15).

@ Springer

11 12 13 14 15 16

sample number

In this case, an increase in the thickener content in the
liquid composition leads to coatings, for which mechanical
scratches are created on both the surface of the coating and
the substrate at increasing loads. It proves the increasing
scratch resistance of the formed film with the increase of
the thickener content.

The adhesion of the coating was determined by the
cross-cut method. In all these tests, the values of the score
grid are similar to each other, so it can be concluded that
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the thickener content does not affect the adhesion of the
formed coating, which suggests its good adhesion to the
metal substrate. The same regularity is noticeable in the
analysis of the gloss of the varnish coat.

Conclusions

The protective properties of varnish coatings are closely
related to the content of thickener, ionic liquid, and sur-
factants in the system. Thickeners and DDANO; have a
positive effect on the physicomechanical properties of the
coatings, such as relative hardness, impact, and scratch
resistance. Within the analyzed values of the mass fraction
of bentonite, it is recommended to use 0.6 g of its con-
tent, while the DDANO; in the amount of 1.5% w/w. The
obtained results are the basis for the selection of param-
eters for the development of a varnish composition for the
creation of protective coatings as an effective protection
of steel substrates.

Based on the analysis of the selection of the amount
of SAA and the thickener in order to ensure dispersion
stability, it was found that despite a slight increase in the
TSI value along with the increase in the content of SAA
and the thickener in the considered amounts, the state of
the system is close to stable.

The described acrylic compositions undoubtedly
improve the parameters of the painting material, while
taking care of ecological aspects, being an alternative to
conventional solvent-based products. The use of painting
materials based on the tested compositions improves the
physicomechanical properties of the obtained coatings,
extends the service life of the product, and thus reduces
the amount of generated waste.
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