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Abstract: In this work, a high solids acrylic copolymer polyol (poly(MMA/BA/HEMA/AA)) was synthesized from
the polymerization of methyl methacrylate (MMA), butyl acrylate (BA), hydroxyethyl methacrylate (HEMA) and
acrylic acid (AA) and was added to the polyaspartic resin. The polyaspartic-polyol mixtures reacted with
polyisocyanates to create hybrid polyurethane-polyaspartic hybrid coatings. Different amounts of synthesized
acrylic copolymer (5, 10, and 20% of total resin mixture) were mixed into polyaspartic resin and subsequently
reacted with polyisocyanates in a 1:1 molar ratio. The characterization of the polymer was performed with Gel
Permeation Chromatography (GPC), Fourier-Transform Infrared-Attenuated Total Reflection (FTIR-ATR) and
Differential Scanning Calorimetry (DSC). The determination of physical and mechanical properties of the
hybrid coatings was accomplished by hardness, glossiness, abrasion, stress-strain, corrosion, and impact
tests. The results indicated that by adding high solids acrylic copolymer (HSAC), the drawbacks of
polyaspartic resin (short pot life, hardness and brittleness, and poor adhesiveness) have been largely
eliminated without reducing its intrinsic properties. The pot life increased from 16 minutes to 27 minutes and
shore D hardness decreased from 60-65 to 52-55 as the polyol content increased in the mixtures. The acrylic
polyols and aspartic mixtures may be used in the preparation of paints and varnishes applied on concrete,
metal, and wood surfaces.
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1. INTRODUCTION

Polyurea coatings have been very popular for spray guns and needed to be expertise in
their superior properties such as, flexibility, high applications (7-8). Instead of wusing primary
cure speed, higher mechanical and chemical amines, a new technology, polyaspartic ester
resistance, and fast drying compared to the polyurea, was developed as shown in Scheme 1.
epoxies and polyurethanes (1-6). The chemistry

of the polyurea is based on the reaction of In polyaspartic polyurea system, a secondary
primary amines with polyisocyanates. There is no amine is reacted with an aliphatic isocyanate in
need to use catalysts and it is performed without which sterically hindered hydrogens on nitrogen
any heat applied. The curing time is too short atoms slowly react with isocyanates that
(under minutes) that needs special machines like increases the pot life of the system (9-10).
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Polyaspartic resins were initially used as diluents
for polyurethane acrylic systems. They decrease
the viscosity and increase the hardness and the
curing speed of the polyacrylics to prepare fast
cure polyurethane coatings (11). After all, these
resins have been favored as more preferable
environmentally friendly resins with superior
properties such as, low VOC (volatile organic
components), more hardness, fast cure, and have
been used in many areas such as oil and natural
gas piping lines, airports, mineral processing
facilities, food facilities and factories, shipyards,
marine enterprises, waste centers, walkways and
balconies, water and wastewater treatment
facilities, industrial production areas and power
plants (12-16).

Polyaspartics exhibit superior physical,
mechanical and chemical (color fastness,
resistance to chemicals, solvents, acids and
bases, excellent hardness and mechanical

strength) properties compared to two component
resins such as epoxies and polyacrylates (17-18).
Being expensive as compared to epoxy and
polyurethanes, they also suffer from the
sensitiveness to the air moisture that makes the
reaction with isocyanates faster and prevents
adhesion to the substrates acting as a barrier.
The shorter pot life of the polyaspartics is also a
drawback due to that it prevents the resin from
spreading and preventing it from penetrating the

floor (20). In order to minimize the moisture
effect and to increase the pot Ilife and
adhesiveness of the polyaspartic polyurea

coatings, several attempts have been conducted
by using nano-silica and hydroxyl functional
soybean oil (21-22).

High solids acrylic polymers having hydroxyl
functional groups react also with aliphatic
isocyanates to prepare crosslinking polyurethane
networks having superior mechanical properties
(excellent clarity, good thermal resistance, high
glossiness, and excellent gloss retention,
resistance to discoloration by time, well flexibility,
not brittle, tunable glass transition temperature,
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good adhesiveness, etc.) that makes them
withstand chemicals and alkalis, more durable to
exterior factors. They may be utilized in a variety
of  industries, including wood coatings,
automotive goods, ships, and storage tanks (23-
26). In the last decade, due to the environmental
awareness, the polyurethanes have been
prepared from bio-based chemicals (27-28).

In this study, a poly(MMA/BA/HEMA/AA) acrylic

copolymer with low cost, high yellowing
resistance, and high solid value was synthesized
and mixed in different proportions with

polyaspartic ester (PAE) resins to eliminate the
disadvantages of polyaspartic ester (PAE) resins
(expensiveness, poor adhesiveness, and short pot
life). FTIR, DSC, and GPC were used to
characterize the resins.

In addition to determining physical characteristics
including color, viscosity, gloss, hardness, drying
time, pot life, yellowing resistance, and gloss loss
following UV exposure, mechanical characteristics
were also assessed wusing impact, tensile,
abrasion, and salt spray tests. A suitable paint
formulation was designed to PAE and PAE with
acrylic copolymers, and physical and mechanical
properties of the paints were also examined and
compared.

2. EXPERIMENTAL SECTION

2.1. Materials

Butyl acetate, methyl methacrylate (MMA, 98%,
ARKEM), butyl acrylate (BA,>99%, Ataman
Chemical), 2-hydroxyethyl methacrylate (2-HEMA,
>99%, Prochema Chemical LTD.), acrylic acid
(AA, 98%, ARKEM), tert-butylperoxybenzoate
(TBPB, Merck) were purchased and used without
any further purification. Aliphatic isocyanate
(Tolonate HDT-LV2) used for curing studies was
purchased from Vencorex. The polyaspartic ester
was kindly obtained from iZEL KiMYA SANAYIi VE
TICARET A.S. with the code of IZASP 14. All other

materials were wused without any further
purification.
R
F KA E=teq

Scheme 1: Polyaspartic ester synthesis.

2.2. Characterizations
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FTIR spectra were measured with JASCO FT/IR-
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4200 with ATR (JASCO Corp., Tokyo, Japan).
Spectra were obtained at mid-IR region (ca.
4000-700 cm™?) at a resolution of 4 cm™ with 16
scans (Spectra Manager Il software, JASCO Corp.).
Molecular weights and polydispersity indexes of
the polymers were measured by gel permeation
chromatography (GPC) employing an Agilent
1100 instrument equipped with a differential
refractometer by using tetrahydrofuran (THF) as
the eluent at a flow rate of 1 mL/min at 30 °C.
Molecular weights were determined by using
polystyrene standards. Brookfield viscosity was
measured by Brookfield viscometer (RVDV-I
Prime, 25 oC, spindle SC4-21, 50 rpm). Cross-cut
adhesion test kit CC2000 from TQC Sheen B.V.
(Capelleaan den lJssel, Netherlands) was used to
test the adhesion of dry coatings on their
substrate. The brightness of the films was
determined using a Novo-Gloss Trio glossmeter.
The color controls of the materials were made
with LICO 620. TQC Sheen Pendulum Hardness
Tester /SPO500 1141 was used to determine the
hardness. In the mechanical tests, impact test
with TQC Sheen, tensile test with Devotrans (DVT
GP/R D NN 10 kN), abrasion test with Taber
Rotary Abraser (1700) and corrosion test with
Programmable Salt Spray Cabinet (880/S) were
used. DSC was performed on a TA-DSC 250
instrument. Approximately 50 mg of sample was
placed in a pan and heated to 250 °C at a rate of
10 °C min~t in nitrogen atmosphere.

2.3. Synthesis of Acrylic Copolymer

Free radical polymerization was accomplished
according to an adapted procedure (Scheme 2) to
Create acrylic copolymer
(poly(MMA/BA/HEMA/AA)) in nitrogen atmosphere

(29). All monomers and the initiator (MMA; 1 mol,

125 °C, N,

BN S G
O\ Q 0 HO

HO

Methyl Metacrylate  Butyl Acrylate 2-HEMA

(MMA) (BA)

Acrylic Acid (AA)

initiator
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BA; 2,5 mol, 2-HEMA; 0,9 mol, AA;0,1 mol, TBPB;
0,1 mol) were put into an additional funnel and
added for about 3-4 hours to a reactor with
agitation containing butyl acetate pre-heated to
125 °C. After monitoring gas chromatography to
ensure that all monomers had reacted, the
agitation was halted. The final polymer solution
was analyzed and the results are as follows: The
solid content: 72.6%, acid value: 7.3 mg KOH/g,
viscosity: 19.000 cP and the molecular weight
(Mw): 2.4934 e* g/mol.

2.4. Preparation of Polyaspartic Resins and
Acrylic Copolymer Mixtures

Polyaspartic ester resin (PAE) has the following
properties: solid content; 96.7 %, viscosity; 1800
cP, amine value; 191 mg KOH/g and the
equivalent weight; 290 g/mol. Polyaspartic resin
and HSAC were mixed in different percentages as
shown in Table 1 and the mixtures were cured
with aliphatic isocyanate at a 1:1 ratio.

2.5. Preparation and characterization of
paint formulations

A simple paint recipe was applied for mixtures of
polyaspartic and polyacrylics resins. From these,
white paints were made using the same ratio of
resins, pigments, and other components. For
mixing all ingredients in the paint, a high-speed
mixer was used, and fineness of grinding was
followed by using a grindometer. Paints were
applied to the glass and metal surfaces by using
a film applicator with 90 micrometer thickness.
Adhesion, drying time, and gloss properties of the
paints were determined by using metal surfaces.
Glass panels were used for determination of hard
drying times by drying time recorder.

\‘Cl/\

=

Q 0 0 HO

o

HO

Scheme 2: Synthesis of high solids acrylic copolymer (poly(MMA/BA/HEMA/AA)).

3. RESULTS AND DISCUSSION

3.1. Characterizations of Resins and Cross-linked

Polymeric Networks
As mentioned in section 2.3 and 2.4, the
synthesis of acrylic copolymer, the chemical
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analyses of the mixtures of polyaspartics and
polyacrylic before and after curing and the final
prepared coatings has been carried out by ATR-
FTIR, GPC, GC and DSC measurements.

In Figure 1, the synthesis of high solids acrylic
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copolymer was followed by checking the
functional group analysis by ATR-FTIR. At the
beginning while all the monomers were mixed,
there were peaks around 1637 cm™ that show us
the presence of the acrylic double bonds. After
the reaction, the disapperance of this peak
proved that all acrylic monomers were reacted.
Acrylic copolymer has typical absorption bands
corresponding to acrylate and methacrylate units.
The peak around 3350 cm™ were assigned to the -
OH symmetric stretching vibrations from hydroxyl
group. 2950.55 cm?® (C-H bond stretching
vibrations), 1727.56 cm™ (C=0 absorption peak
of the carbonyl ester group), 1238.08 cm™* (C-O
stretching modes), 1157.08 c<cm?* (C-O-C
stretching vibrations) (30-31).

The synthesis of HSAC were also followed by using

GPC for molecular weight measurements. The
GPC showed us that all monomers were reacted
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and a polymer were existed as shown in Figure 2.
The molecular weight: Mw: 2.31 e4 g/mol, Mn:
5.74 €3 g/mol, PDI: 4.03.

The monomer residue analysis was also conducted by

using headspace-GC. Abundance to time graph
showed that the signals for acrylic monomers at
the time interval between 2-4 minutes was so low
after the polymerization. There were almost no
identified monomers (below 0.1%) in the final
acrylic solution showing that all the monomers
were reacted with each other to give a polymer
as shown in Figure 3.

After the mixing of the acrylic to polyaspartic resins

and then with the isocyanate, the presence of
ester and amine groups is observed in the main
absorption bands in the FTIR spectrum of the
PAEs as shown in Figure 4.

Table 1: The amount of ingredients in weight percentage (wt%) of the PAE-HSAC mixtures.

Sample Polyaspartic Acrylic
(PAE) (%) Copolymer
(HSAC) (%)
Control-F, 100 0
F, 95 5
F3 90 10
Fa 80 20

Vv

a) Initial mixture of acrylic monomers

Y% T

v

b) High solids acrylic copolymer (HSAC)
(poly(MMA/BA/HEMA/AA))

4000 3000

2000

1000 400

VWavenumber (cm-1)

Figure 1: ATR-FTIR spectra of a) Initial mixture of acrylic monomers and b) HSAC (poly(MMA/BA/HEMA/AA)).

The presence of the peak at around 2264 cm™
was related to the -OCN groups. The
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disappearance of the -OH and -NH groups at
around 3350 cm?® proved the existence of the
curing process. All isocyanates can be reacted
with -OH and -NH groups or sometimes some
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groups could not react because of the insufficient
mixing or there were not enough reactive
functional groups reacting with isocyanates (21).
As in the case of PAE-20, there were not peaks at
around 3300 cm™ and at around 2264 cm?, that
showed us the all functional groups were
completely reacted with each other as shown in
Figure 5.

After the curing, the -OH and -NH groups reacted
with -OCN groups and turned out the cross-
linking polymeric networks containing the final
polyurea and polyurethane bonds as shown in

RESEARCH ARTICLE
Scheme 3.

After the coatings were prepared, the glass
transition temperatures (Tg) of the coatings were
determined by using differential scanning
calorimeter (DSC). Measurements were made for
the Tg value which is of great importance in
obtaining information about the properties of the
polymers that whether it will be flexible or hard.
The graphs are given in Figure 6 for PAE,
poly(MMA/BA/HEMA/AA), PAE-5, PAE-10 and PAE-
20.
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Figure 2: GPC spectra of initial mixture of acrylic monomers and HSAC (poly(MMA/BA/HEMA/AA)).
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Figure 3: Headspace-GC analyses of initial mixture of acrylic monomers and HSAC (poly(MMA/BA/HEMA/AA)).
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Figure 4: FTIR spectra of materials before curing.
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Figure 5: FTIR spectra of materials after curing.
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Chemically crosslinked polyurea and polyurethane network

Scheme 3: Preparation of cross-linking networks by the reaction of PAE and polyacrylic polyol (HSAC) with

isocyanate.
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Figure 6: DSC graphs for a) PAE, b) PAE-5, c) PAE-10, and d) PAE-20.
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The Tg of the neat PAE was measured as 77.35
°C. As the poly(MMA/BA/HEMA/AA) content of the
samples increased, their Tg gradually decreased
as 66.80, 55.49 and 44.54 °C for the 5, 10 and
20%, respectively. Insufficient amounts of
polymerizable groups and more flexible
monomers in the backbone or sidechain of
polymers were likely to be responsible for the low
Tg values, which also led to a poor crosslinking
density (32-33). HSAC chemical structure
contains flexible butyl acrylate groups that makes
it very flexible. Long alkyl chain length groups in
acrylic polyols leads to increase the movements
of the molecular structure that lowers the Tg.
Increasing the acrylic content consumed the
isocyanates more fully and all isocyanates
reacted as the disappearance of the peak related
to isocyanate around 2264 cm™® as shown in the
FTIR spectrum of PAE-20. Decrease in Tg resulted
more flexibility to the polymeric network and
makes enhancements in their adhesion to the
substrates.

3.2. Mechanical and Physical Properties of
the Mixtures of PAE and HSAC and the
coatings

The physical and mechanical properties (color,
viscosity, glossiness, hardness, drying time, and
pot life) of the resins and coatings were given in
the Table 2.
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According to the results given, Hazen color

value of PAE resin, which is relatively high (171),
decreased to 150, 145 and 130, respectively, with
the increase of acrylic copolymer ratio in the
mixture. These results show that the color status,
which is very important for polyaspartic ester
resin, can be improved by mixing with acrylic
copolymers.

Viscosity values measured as Brookfield at 25 °C,
on the other hand, were increased as predicted
with the increase in the acrylic copolymer ratio,
which has a very high viscosity value. It was
determined that there was no loss in the gloss
and Persoz hardness values, which are the
important features of the polyaspartic ester resin,
after mixing and showing that these properties
were preserved. Decrease in drying times while
increasing the pot life is desirable property for the
workability with the resins. The increase in pot life
can be because of the isocyanate groups cannot
find the hydroxyl groups easily in the polymeric
backbone due to the other functional groups that
can hinder sterically the hydroxyl groups for the
reaction.

The decrease in drying times can be due to more
functional hydroxyl groups react with isocyanate
groups that increase the number of the reactive
crosslink points with increasing the crosslink
density. More crosslinking leads to drying faster.

Table 2. Mechanical and physical properties of the resins and coatings.

Tests PAE
Color (Hazen) 171
Viscosity (cP, Brookfield, 25°C) 1800
Gloss (20 degree) 87

Persoz Hardness

300-310
(150 micron, 7 days)
Shore Hardness (7 days) 65-70
Drying (hour) 12

Pot life (min) 16

HSAC PAE-5

PAE-10 PAE-20

11 150 145 130
19000 2200 2500 3400
80 87 87 87

200-210 300-310 300-310 300-310

40-45 65-70 60-65 50-55

12 7.5 6.0 5.5

71 17 21 27
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Figure 7: Force (N)-Elongation (mm) graphs of a) PAE, b) PAE-5, c) PAE-10, d) PAE-20.

Tensile testing is a destructive process that
provides information about the material's
properties such as tensile strength and ductility.
It measures the force required to break or rapture
the material and how far the sample has
stretched to that break or break off point. For this
purpose, control was achieved under operating
conditions adjusted for 100 mm/min test speed
and 100 N target force, and elongation and
elastic modulus values were examined. The Force
(N)-Elongation (mm) graphs of PAE resin and
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mixtures and the results are given in Figure 7 and
Table 3.

According to the values given in Table 3, the
elongation values were approximately 24.5%,
56.1% and 189.5% for the acrylic copolymer
ratios added; elasticity modules increased by 2.2,
4.1 and 21.5%. This could be due to flexible
acrylic polymer backbone and the flexible
functional groups (2-HEMA and butyl acrylate)
that made the crosslink networks more flexible.
According to tensile test results, the incorporation
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of more acrylic resins into polyaspartics
decreased the tensile strength due to the less
strong polyurethane linkages compared to strong
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polyurea linkages.

Table 3. Elongation and elasticity modules of PAE, PAE-5, PAE-10, and PAE-20.

Product

(mm)
PAE 0.57
PAE-5 0.71
PAE-10 0.89
PAE-20 1.65

In the test applied according to the ASTM D4060
standard and mass loss, the original weight of the
sample was measured. The test sample was then
placed in the abrasion tester. A load of 500 g was
placed on the abrasive wheel and allowed to
rotate for 1000 cycle. When the number of cycles
was completed, the final weight was measured
and the amount of material removed from the
surface was determined. The results of the
abrasion test performed with this method were
given in Figure 8 for PAE, PAE-5, PAE-10 and PAE-
20.

The graph given in Figure 8. C was calculated
according to the Taber Wear Index given in
Equation 1.

Taber Wear Index=(I x1000)/C (Eq. 1)

In Equation 1, I=A-B, A=weight (mass) of
specimen before abrasion, B=weight (mass) of

specimen after abrasion, n=number of test
cycles.
Accordingly, for PAE and PAE-10, with the

increase in the number of cycles, the Taber Wear
Index decreased, that is, there was less wear.
With the increase in the acrylic polymer ratio in
the mixture, the abrasion started to increase in
the mixture added 10% and it had a high
abrasion rate for 20%. For PAE and PAE-5, the
decreasing index values with the increase in the
number of revolutions can be interpreted as lower
hardness in the inner layers after surface wear
and therefore lower wear.

3.3. Paint Formulation and Test Results

Elongation at break Elasticity Modulus

Tensile Strength

(N/mm?) (N/mm)
183.70 7.067
187.24 5.863
191.26 5.621
223.15 4.627

The paint formulation given in Table 4 was used for
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the mixture made with polyaspartic ester resin
and acrylic copolymer. Some physical properties
of the prepared paints and some mechanical
properties of the films were investigated.

The test results for the paint mixtures prepared
according to the guide formulation given in Table
4 are summarized in Table 5.

The cross-cut test was performed according to
ASTM D3359 standard for aluminum, galvanized,
and sheet surfaces. The visuals of the test result
are given in Figure 9.

The gloss measurements of the samples were
made to examine the aesthetic properties for
paint mixtures (34).

The gloss measurements of the paint mixtures to
which PAE and acrylic copolymer were added at
the specified rates at 20 degrees were measured
as 85 gloss, and it was determined that there was
no decrease in the gloss value as a result of the
addition. In addition, when the effect of UV rays
on the film was examined, it was determined that
there was no decrease in yellowing resistance
after a period of 10 days.

Corrosion often causes failures that shorten the
life of connections. When exposed to certain
conditions such as humidity and salinity,
durability and mechanical strength are affected
and failures may occur more frequently. The salt
spray test is an accelerated test used to
determine the ability of surface coatings to resist
atmospheric corrosion (35-36).
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Figure 8: Abrasion test images of A) Before ND, B) After the 1000 cycle a) PAE, b) PAE-5,

c) PAE-10, d) PAE-20, and C) Graphical images according to Taber Wear Index.
605



Dizman C et al. JOTCSA. 2023; 10(3): 605-620. RESEARCH ARTICLE

Table 4. Guide paint formulations.
PAE PAE-5 PAE-10 PAE-20

Contents g g 9 g
PAE 51.00 48.45 45.90 40.80
poly(MMA/BA/HEMA/AA) - 2.55 5.10 10.20
Wetting and dispersing additive 0.50 0.50 0.50 0.50
Titan (for cloaking) 25.00 25.00 25.00 25.00
Barite (for filler) 12.50 12.50 12.50 12.50
Dehumidifier 1.60 1.60 1.60 1.60
Defoamer 1.00 1.00 1.00 1.00
Wetting substrates 0.60 0.60 0.60 0.60
UV absorber 0.60 0.60 0.60 0.60
UV absorber 0.60 0.60 0.60 0.60
Butyl Acetate 2.90 2.90 2.90 2.90
Xylene 3.70 3.70 3.70 3.70
Total 100 100 100 100

For 100 g of paint

Aliphatic isocyanate 35.00 35.00 35.00 35.00
Butyl Acetate 15.00 15.00 15.00 15.00

Table 5. The properties of the paint prepared from PAE, PAE-5, PAE-10 and PAE-20.

Tests PAE PAE-5 PAE-10 PAE-20
Viscosity (Brookfield, 25°C) 350 cP 410 cP 460 cP 750 cP
Gloss (20 degree) 85 85 85 85
Persoz Hardness (150 micron, 7 days) 290-300 285-290 270-280 265-275
Shore Hardness (7 days) 65-70 65-70 60-65 52-55
Drying (hour) 7 6 5 4.5
Pot life (hour) 7.5 5.5 4.5 3.5
Gloss after UV (20 degree)* 85 85 85 85
Abrasion Test (mg loss/1000 cycle)* 0.1771 0.2325 0.2487 0.3489
Impact Strength (500 g/30, 50, 70 cm)* 4,4,2 4,4,2 4,4,4 4,4,5
Cross-cut Adhesion Test 1,1,4 0,0,3 0,0,3 0,0,0
(aluminum/galvanized/sheet)*

Salt Spray Test (350 hours)* 4 5 5 5

*1 was rated as the worst and 5 as the best.
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Figure 9. Cross-cut images for A) aluminum, B) galvanized and C) sheet surfaces.

In this study, the panels of paint mixtures
prepared at the same film thickness were kept in
a salt spray cabinet containing 20% NaCl solution
for 250 hours. The images obtained at the end of
the period are given in Figure 10. It was observed
that the corrosion resistance increased with the
increase of the acrylic copolymer ratio in the
mixture, this improvement may have been
achieved due to increased adhesion to the ground
and reduced the amount of areas reached by the
salt solution.

In impact testing, which is used to evaluate the
toughness, fracture resistance, or impact
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resistance of the material during an impact, a
generally known weight is released from a known
height so that it collides with the sample with a
sudden force. The layers coated with the paints
prepared in this study were subjected to an
impact test with a weight of 500 g at 30, 50 and
70 cm heights. Experiment result images are
given in Figure 11. There was no difference in
impact strengths for 30 and 50 cm heights. When
the height of 70 cm was increased, the impact
resistance increased especially in mixtures
prepared from resins with 10% and 20% acrylic
copolymer added.
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Figure 11. Paint impact test results of A) aluminum, B) galvanized and C) sheet surfaces.

4. CONCLUSION

In this study, besides the prominent and very
important properties of polyaspartic ester resin,
which is a new generation aliphatic coating
system, studies were carried out to improve the
properties such as, pot life, flexibility, color,
adhesion etc... that can be considered as
negative. The properties to be investigated were
made by adding an acrylic copolymer with high
OH value at 5, 10 and 20% ratios to PAE. The
adhesion property was examined by the cross-cut
test and increased according to the standard test
method. This result was obtained especially for

properties. The acrylic polyols and aspartic
mixtures may be used in the preparation of paints
and varnishes applied on concrete, metal, and
wood surfaces.
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mixtures containing 10 and 20% copolymers. The
flexibility of PAE was examined by the tensile-
tensile test, and the increase in flexibility with the
increase of the acrylic copolymer ratio added to
the mixture was evaluated by taking into account
the elasticity modules. The improvement of these
properties has been achieved in PAE's superior
yellowing resistance property and again without
decreasing its superior pre- and post-UV gloss
properties. These results, which are positive and
do not lose the existing properties, also reduced
the cost by adding acrylic copolymer to PAE. All
results increased the application potential of a
new system, polyaspartic ester resin, with new

5. CONFLICT OF INTEREST

There is no conflict of interest.



Dizman C et al. JOTCSA. 2023; 10(3): 605-620.
6. ACKNOWLEDGMENTS

We would like to express our gratitude to iZEL
KIMYA SAN TIC A.S. for their financial support
under the project (IZL 60) and to Paint Application
Chief Technician Rasim AKKOCA, who contributed
to the works.

7. REFERENCES

1. Shojaei B, Najafi M, Yazdanbakhsh A, Abtahi M, Zhang
C. A review on the applications of polyurea in the
construction industry. Polym Adv Technol [Internet].
2021 Aug 1 [cited 2023 Jun 12];32(8):2797-812.
Available from: <URL>

2. Szafran J, Matusiak ) A. LIGHTWEIGHT STRUCTURES in
CIVIL ENGINEERING POLYUREA COATING SYSTEMS:
DEFINITION, RESEARCH, APPLICATIONS. 2016;
Available from: <URL>

3. Igbal N, Tripathi M, Parthasarathy S, Kumar D, Roy
PK. Polyurea spray coatings: Tailoring material
properties through chemical crosslinking. Prog Org
Coat. 2018 Oct 1;123:201-8. Available from: <DOI>

4. T A, M A, Jayaprabakar J, Jeevahan J, Rb D. Study on
mechanical properties of polyurea coating with various
process parameters. <DOI> [Internet]. 2020 [cited
2023 Jun 12];25(5):257-63. Available from: <URL>

5. Sdnchez-Ferrer A, Soprunyuk V, Engelhardt M, Stehle
R, Gilg HA, Schranz W, et al. Polyurea Networks from
Moisture-Cure, Reaction-Setting, Aliphatic
Polyisocyanates with Tunable Mechanical and Thermal
Properties. ACS Appl Polym Mater [Internet]. 2021 Aug
13 [cited 2023 Jun 12];3(8):4070-8. Available from:
<URL>

6. Editors A, Bhudolia SK, Chandrakant Joshi S, Leong
Sing S, Min Huang W, Luo J, et al. Mini-Review of Self-
Healing Mechanism and Formulation Optimization of
Polyurea Coating. Polymers 2022, Vol 14, Page 2808
[Internet]. 2022 Jul 9 [cited 2023 Jun 12];14(14):2808.
Available from: <URL>

7. Sédnchez-Ferrer A, Rogez D, Martinoty P. Synthesis
and Characterization of New Polyurea Elastomers by
Sol/Gel Chemistry. Macromol Chem Phys [Internet].
2010 Aug 2 [cited 2023 Jun 12];211(15):1712-21.
Available from: <URL>

8. Santana JS, Cardoso ES, Triboni ER, Politi M].
Polyureas Versatile Polymers for New Academic and
Technological Applications. Polymers 2021, Vol 13, Page
4393 [Internet]. 2021 Dec 15 [cited 2023 Jun
121;13(24):4393. Available from: <URL>

9. Liu XP, Zheng TL. The Synthesis of a Polyaspartic Acid
Ester and Development of the Coatings. Adv Mat Res

605

RESEARCH ARTICLE

[Internet]. 2014 [cited 2023 Jun 12];842:297-301.
Available from: <URL>

10. Effect of Temperature on Tensile Curve of
Polyaspartic Ester Polyurea and Its Activation Energy
Analysis - |OPscience [Internet]. [cited 2023 Jun 12].
Available from: <URL>

11. Bringing Polyaspartic Technology to the Next Level:
Low Viscous Solvent-free Floor Coatings. ENVVT 2014 //
Karl H. - PDF Free Download [Internet]. [cited 2023 Jun
12]. Available from: <URL>

12. Feng J, Liao LM, Chen L, Xiao CJ, Wang SF, Li H.
Research on the Formula of Polyaspartic Ester Polyurea
Concrete Coating and its Application. Applied Mechanics
and Materials [Internet]. 2013 [cited 2023 Jun 12];423-
426:1159-63. Available from: <URL>

13. Jing F, Wei H, Zhen L, Zai-Qin W. Aliphatic Polyurea
Coating Materials Based on Novel Polyaspartic Ester :
Preparation and Application. Journal of Yangtze River
Scientific Research Institute [Internet]. 2012 Feb 1
[cited 2023 Jun 12];29(2):64. Available from: <URL>

14. Lu P, Huang WB, Ma XQ, Liu XD. Novel Polyaspartic
Ester Polyureas Based on Flexible Polyaspartic Ester.
Adv Mat Res [Internet]. 2011 [cited 2023 Jun 12];197-
198:1294-8. Available from: <URL>

15. Carl Angeloff PE, Edward P. Squiller PhD, and Kurt E.
Best, Bayer Corporation. Two-Component Aliphatic
Polyurea Coatings for High Productivity Applications
[Internet]. [cited 2023 Jun 12]. Available from: <URL>

16. li DJP. Polyurea Elastomer Technology: History,
Chemistry & Basic Formulating Techniques. Available
from: <URL>

17. Dudley J. Primeaux Il. Polyurea vs Polyurethane &
Polyurethane/Polyurea: What's the Difference?
[Internet]. [cited 2023 Jun 12]. Available from: <URL>

18. Golling FE, Pires R, Hecking A, Weikard ], Richter F,
Danielmeier K, et al. Polyurethanes for coatings and
adhesives - chemistry and applications. Polym Int
[Internet]. 2019 May 1 [cited 2023 Jun 12];68(5):848-
55. Available from: <URL>

19. Smith® A, Eng? B. INTERCORR2010_365 Polyaspartic
Coatings That Perform as Well as Polyurethane
Coatings. 2010; Available from: <URL>

20. Carl Angeloff PE, Edward P. Squiller PhD, and Kurt E.
Best, Bayer Corporation. Two-Component Aliphatic
Polyurea Coatings for High Productivity Applications
[Internet]. [cited 2023 Jun 12]. Available from: <URL>

21. Assarian A, Martinez S. Improving Polyaspartic Anti-
Corrosion Coating Protective Properties with the use of
Nano-silica. Acta Chim Slov [Internet]. 2018


https://www.paintsquare.com/library/articles/Two_Component_Aliphatic_Polyurea_Coatings_for_High_Productivity_Applications.pdf
https://abraco.org.br/src/uploads/intercorr/2010/INTERCORR2010_365.pdf
https://onlinelibrary.wiley.com/doi/full/10.1002/pi.5665
http://www.primeauxassociates.com/wp-content/uploads/2011/11/PP15.pdf
https://www.paintsquare.com/library/articles/Two_Component_Aliphatic_Polyurea_Coatings_for_High_Productivity_Applications.pdf
https://www.paintsquare.com/library/articles/Two_Component_Aliphatic_Polyurea_Coatings_for_High_Productivity_Applications.pdf
https://www.scientific.net/AMR.197-198.1294
http://ckyyb.crsri.cn/EN/
https://www.scientific.net/AMM.423-426.1159
https://docplayer.net/48869088-Bringing-polyaspartic-technology-to-the-next-level-low-viscous-solvent-free-floor-coatings-envvt-2014-karl-h.html
https://iopscience.iop.org/article/10.1088/1742-6596/2101/1/012061
https://www.scientific.net/AMR.842.297
https://www.mdpi.com/2073-4360/13/24/4393/htm
https://onlinelibrary.wiley.com/doi/full/10.1002/macp.201000117
https://www.mdpi.com/2073-4360/14/14/2808/htm
https://pubs.acs.org/doi/abs/10.1021/acsapm.1c00578
https://www.tandfonline.com/doi/abs/10.1080/14328917.2020.1782078
https://doi.org/101080/1432891720201782078
https://doi.org/10.1016/j.porgcoat.2018.07.005
http://www.compactizolacje.pl/pub/uploads/Dzia%C5%82alno%C5%9B%C4%87%20naukowa/Naukowe/LSCE%202016.pdf
https://onlinelibrary.wiley.com/doi/full/10.1002/pat.5277

DigmanGeelh Yod9NGA-1858) S8R P RGAD e

from: <URL>

22. Eco-Friendly Hyperbranched Polyaspartic Polyol
and Polyurethane-Urea-Polyurea Hybrid Coatings |
2021-02-11 | PCI Magazine [Internet]. [cited 2023 Jun
12]. Available from: <URL>

23. Petit H, Henry N, Krebs A, Uytterhoeven G, Jong F
de. Ambient cure high solids acrylic resins for
automotive refinish clear coat applications. Prog Org
Coat. 2001 Nov 1;43(1-3):41-9. Available from:
<DOI>

24. Ding K, Liu J, Chen H, Wang H. Hyper-branched
acrylic resin with high solid contents. <DOI>
[Internet]. 2017 Oct 23 [cited 2023 Jun
12];31(9):1149-60. Available from: <URL>

25. Diakournakos CD, Xu Q, Jones FN, Baghdachi J,
Wu L. Synthesis of acrylic resins for high-solids
coatings by solution and separation polymerization.
Journal of Coatings Technology [Internet]. 2000 [cited
2023 Jun 12];72(908):61-70. Available from: <URL>
17. li DJP. Polyurea Coatings: That Was Then, This is
Now. 2004; Available from: <URL>

26. Kim JW, Lee DC, Choi JS. Synthesis of Eco-Friendly
High Solid Acrylic Resins and Curing Properties of
Acrylic Urethane Resin Coatings. Korean Chemical
Engineering Research [Internet]. 2017 Oct 1 [cited
2023 Jun 12];55(5):586-92. Available from: <DOI>

27. Wendels S, Avérous L. Biobased polyurethanes
for biomedical applications. Bioact Mater. 2021 Apr
1;6(4):1083-106. Available from: <DOI>

28. Akay O, Altinkok C, Acik G, Yuce H, Ege GK. A bio-
based and non-toxic polyurethane film derived from
Luffa cylindrica cellulose and L-Lysine diisocyanate
ethyl ester. Eur Polym J. 2021 Dec 5;161:110856.
Available from: <DOI>

29. Taheri M, Jahanfar M, Ogino K. Synthesis of
acrylic resins for high-solids traffic marking paint by
solution polymerization. <DOI> [Internet]. 2019 Jan 1
[cited 2023 Jun 12];22(1):213-25. Available from:
<URL>

30. Zheng J, Aziz T, Fan H, Haq F, Ullah Khan F, Ullah
R, et al. Synergistic impact of cellulose nanocrystals
with multiple resins on thermal and mechanical
behavior. Zeitschrift fur Physikalische Chemie
[Internet]. 2021 Oct 1 [cited 2023 Jun
12];235(10):1247-62. Available from: <URL>

31. Ulianas A, Heng LY, Ahmad M. A Biosensor for
Urea from Succinimide-Modified Acrylic Microspheres
Based on Reflectance Transduction. Sensors 2011,
Vol 11, Pages 8323-8338 [Internet]. 2011 Aug 26
[cited 2023 Jun 12];11(9):8323-38. Available from:
<URL>

32. Lastovickova DN, Toulan FR, Mitchell JR,
VanOosten D, Clay AM, Stanzione JF, et al. Resin,
cure, and polymer properties of photopolymerizable
resins containing bio-derived isosorbide. ] Appl Polym
Sci  [Internet]. 2021 Jul 5 [cited 2023 Jun
12];138(25):app50574. Available from: <URL>

33. Zhang Y, Wang H, Eberhardt TL, Gu Q, Pan H.
Preparation of carboxylated lignin-based epoxy resin

620

with excellent mechanical prcl):{pEer E:%REL!? ecﬁ;rr%c]?E

2021 May 5;150:110389. Available from: <DOI>

34. Copodlu N, Cicek B. Abrasion resistant glass-
ceramic coatings reinforced with WC-nanoparticles.
Surf Coat Technol. 2021 Aug 15;419:127275.
Available from: <DOI>

35. Calabrese L, Proverbio E, Di Bella G, Galtieri G,
Borsellino C. Failure behaviour of SPR joints after salt
spray test. Eng Struct. 2015 Jan 1;82:33-43.
Available from: <DOI>

36. Fujita S, Mizuno D. Corrosion and corrosion test
methods of zinc coated steel sheets on automobiles.
Corros Sci. 2007 Jan 1;49(1):211-9. Available from:
<DOI>


https://doi.org/10.1016/j.corsci.2006.05.034
https://doi.org/10.1016/j.engstruct.2014.10.020
https://doi.org/10.1016/j.surfcoat.2021.127275
https://doi.org/10.1016/j.eurpolymj.2021.110389
https://onlinelibrary.wiley.com/doi/full/10.1002/app.50574
https://www.mdpi.com/1424-8220/11/9/8323/htm
https://www.degruyter.com/document/doi/10.1515/zpch-2020-1697/html
https://www.tandfonline.com/doi/abs/10.1080/15685551.2019.1699349
https://doi.org/101080/1568555120191699349
https://doi.org/10.1016/j.eurpolymj.2021.110856
https://doi.org/10.1016/j.bioactmat.2020.10.002
https://doi.org/10.9713/kcer.2017.55.5.586
http://poly-g.com/files/uploads/polyurea-elastomer-technology-history-chemistry-and-basic-formulating-techniques-2004-18.pdf
https://link.springer.com/article/10.1007/BF02697999
https://journals.sagepub.com/doi/10.1177/0892705717734602
https://doi.org/101177/0892705717734602
https://doi.org/10.1016/S0300-9440(01)00220-X
https://www.pcimag.com/articles/108398-eco-friendly-hyperbranched-polyaspartic-polyol-and-polyurethane-urea-polyurea-hybrid-coatings
https://acsi-journal.eu/index.php/ACSi/article/view/4187

	
	Cemil DIZMAN 1* , Elif CERRAHOĞLU KAÇAKGIL 1* ,
	Levent BABAYIĞIT 1 , Caner ARAR 1
	1. INTRODUCTION
	2. EXPERIMENTAL SECTION
	3. RESULTS AND DISCUSSION
	As mentioned in section 2.3 and 2.4, the synthesis of acrylic copolymer, the chemical analyses of the mixtures of polyaspartics and polyacrylic before and after curing and the final prepared coatings has been carried out by ATR-FTIR, GPC, GC and DSC measurements.
	In Figure 1, the synthesis of high solids acrylic copolymer was followed by checking the functional group analysis by ATR-FTIR. At the beginning while all the monomers were mixed, there were peaks around 1637 cm-1 that show us the presence of the acrylic double bonds. After the reaction, the disapperance of this peak proved that all acrylic monomers were reacted. Acrylic copolymer has typical absorption bands corresponding to acrylate and methacrylate units. The peak around 3350 cm-1 were assigned to the -OH symmetric stretching vibrations from hydroxyl group. 2950.55 cm-1 (C-H bond stretching vibrations), 1727.56 cm-1 (C=O absorption peak of the carbonyl ester group), 1238.08 cm−1 (C-O stretching modes), 1157.08 cm-1 (C-O-C stretching vibrations) (30-31).
	The presence of the peak at around 2264 cm-1 was related to the –OCN groups. The disappearance of the –OH and –NH groups at around 3350 cm-1 proved the existence of the curing process. All isocyanates can be reacted with –OH and –NH groups or sometimes some groups could not react because of the insufficient mixing or there were not enough reactive functional groups reacting with isocyanates (21). As in the case of PAE-20, there were not peaks at around 3300 cm-1 and at around 2264 cm-1, that showed us the all functional groups were completely reacted with each other as shown in Figure 5.
	After the curing, the –OH and –NH groups reacted with –OCN groups and turned out the cross-linking polymeric networks containing the final polyurea and polyurethane bonds as shown in Scheme 3.
	After the coatings were prepared, the glass transition temperatures (Tg) of the coatings were determined by using differential scanning calorimeter (DSC). Measurements were made for the Tg value which is of great importance in obtaining information about the properties of the polymers that whether it will be flexible or hard. The graphs are given in Figure 6 for PAE, poly(MMA/BA/HEMA/AA), PAE-5, PAE-10 and PAE-20.
	The Tg of the neat PAE was measured as 77.35 °C. As the poly(MMA/BA/HEMA/AA) content of the samples increased, their Tg gradually decreased as 66.80, 55.49 and 44.54 °C for the 5, 10 and 20%, respectively. Insufficient amounts of polymerizable groups and more flexible monomers in the backbone or sidechain of polymers were likely to be responsible for the low Tg values, which also led to a poor crosslinking density (32-33). HSAC chemical structure contains flexible butyl acrylate groups that makes it very flexible. Long alkyl chain length groups in acrylic polyols leads to increase the movements of the molecular structure that lowers the Tg. Increasing the acrylic content consumed the isocyanates more fully and all isocyanates reacted as the disappearance of the peak related to isocyanate around 2264 cm-1 as shown in the FTIR spectrum of PAE-20. Decrease in Tg resulted more flexibility to the polymeric network and makes enhancements in their adhesion to the substrates.
	Viscosity values measured as Brookfield at 25 ⁰C, on the other hand, were increased as predicted with the increase in the acrylic copolymer ratio, which has a very high viscosity value. It was determined that there was no loss in the gloss and Persoz hardness values, which are the important features of the polyaspartic ester resin, after mixing and showing that these properties were preserved. Decrease in drying times while increasing the pot life is desirable property for the workability with the resins. The increase in pot life can be because of the isocyanate groups cannot find the hydroxyl groups easily in the polymeric backbone due to the other functional groups that can hinder sterically the hydroxyl groups for the reaction.
	
	Tensile testing is a destructive process that provides information about the material's properties such as tensile strength and ductility. It measures the force required to break or rapture the material and how far the sample has stretched to that break or break off point. For this purpose, control was achieved under operating conditions adjusted for 100 mm/min test speed and 100 N target force, and elongation and elastic modulus values were examined. The Force (N)-Elongation (mm) graphs of PAE resin and mixtures and the results are given in Figure 7 and Table 3.
	According to the values given in Table 3, the elongation values were approximately 24.5%, 56.1% and 189.5% for the acrylic copolymer ratios added; elasticity modules increased by 2.2, 4.1 and 21.5%. This could be due to flexible acrylic polymer backbone and the flexible functional groups (2-HEMA and butyl acrylate) that made the crosslink networks more flexible. According to tensile test results, the incorporation of more acrylic resins into polyaspartics decreased the tensile strength due to the less strong polyurethane linkages compared to strong polyurea linkages.
	In the test applied according to the ASTM D4060 standard and mass loss, the original weight of the sample was measured. The test sample was then placed in the abrasion tester. A load of 500 g was placed on the abrasive wheel and allowed to rotate for 1000 cycle. When the number of cycles was completed, the final weight was measured and the amount of material removed from the surface was determined. The results of the abrasion test performed with this method were given in Figure 8 for PAE, PAE-5, PAE-10 and PAE-20.
	The graph given in Figure 8. C was calculated according to the Taber Wear Index given in Equation 1.
	In Equation 1, I=A-B, A=weight (mass) of specimen before abrasion, B=weight (mass) of specimen after abrasion, n=number of test cycles.
	Accordingly, for PAE and PAE-10, with the increase in the number of cycles, the Taber Wear Index decreased, that is, there was less wear. With the increase in the acrylic polymer ratio in the mixture, the abrasion started to increase in the mixture added 10% and it had a high abrasion rate for 20%. For PAE and PAE-5, the decreasing index values with the increase in the number of revolutions can be interpreted as lower hardness in the inner layers after surface wear and therefore lower wear.
	The test results for the paint mixtures prepared according to the guide formulation given in Table 4 are summarized in Table 5.
	The cross-cut test was performed according to ASTM D3359 standard for aluminum, galvanized, and sheet surfaces. The visuals of the test result are given in Figure 9.
	The gloss measurements of the samples were made to examine the aesthetic properties for paint mixtures (34).
	The gloss measurements of the paint mixtures to which PAE and acrylic copolymer were added at the specified rates at 20 degrees were measured as 85 gloss, and it was determined that there was no decrease in the gloss value as a result of the addition. In addition, when the effect of UV rays on the film was examined, it was determined that there was no decrease in yellowing resistance after a period of 10 days.
	Corrosion often causes failures that shorten the life of connections. When exposed to certain conditions such as humidity and salinity, durability and mechanical strength are affected and failures may occur more frequently. The salt spray test is an accelerated test used to determine the ability of surface coatings to resist atmospheric corrosion (35-36).
	
	In this study, the panels of paint mixtures prepared at the same film thickness were kept in a salt spray cabinet containing 20% NaCl solution for 250 hours. The images obtained at the end of the period are given in Figure 10. It was observed that the corrosion resistance increased with the increase of the acrylic copolymer ratio in the mixture, this improvement may have been achieved due to increased adhesion to the ground and reduced the amount of areas reached by the salt solution.
	In impact testing, which is used to evaluate the toughness, fracture resistance, or impact resistance of the material during an impact, a generally known weight is released from a known height so that it collides with the sample with a sudden force. The layers coated with the paints prepared in this study were subjected to an impact test with a weight of 500 g at 30, 50 and 70 cm heights. Experiment result images are given in Figure 11. There was no difference in impact strengths for 30 and 50 cm heights. When the height of 70 cm was increased, the impact resistance increased especially in mixtures prepared from resins with 10% and 20% acrylic copolymer added.
	4. CONCLUSION
	5. CONFLICT OF INTEREST
	There is no conflict of interest.
	6. ACKNOWLEDGMENTS
	We would like to express our gratitude to İZEL KİMYA SAN TIC A.S. for their financial support under the project (IZL 60) and to Paint Application Chief Technician Rasim AKKOCA, who contributed to the works.
	7. REFERENCES


